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Adoption of Water Conservation Practices in Irrigation Management: An Application of
the Theory of Planned Behavior in the Texas High Plains

Libby Durst, Texas Tech University
Dr. Courtney Meyers, Texas Tech University
Dr. Erica Irlbeck, Texas Tech University
Dr. Rudy Ritz, Texas Tech University

A vital part of the Texas High Plains economy, agricultural production in this region is sustained
by using the Ogallala aquifer as a source of irrigation water, but the aquifer is in decline. It is
imperative for agricultural producers to continually improve their irrigation management
strategies for water conservation, but without their support, water conservation technologies and
strategies will not make a difference. This study applied the theory of planned behavior to
explore Texas High Plains producers’ adoption of water conservation practices. Following the
Tailored Design Method, a mail survey was distributed to a sample of agricultural producers.
Findings indicated producers had positive attitudes toward utilizing advanced irrigation
application technologies, monitoring soil moisture, and evaluating crop water demand, and they
perceived to have control over performing these water conservation behaviors. Subjective norms
for each of the behaviors reflected a neutral stance, negating both strong feelings of social
pressure and denial of any social pressure at all. While the theory’s constructs provided insight
into producers’ adoption behavior, the theory models were unable to predict producers’
adoption intentions. Additional research is necessary to further explore how various water
conservation strategies are used collaboratively and identify barriers to adopting these
strategies.

Introduction/Literature Review

Water management is one of the world’s most important challenges (Flint, 2004). Every aspect
of our lives illustrates the need for water (Adler, 2002). Water provides nourishment for our
bodies in its original form and in the form of foods we consume, as it supports plant and animal
life. Without water, we would not have building materials, natural fabrics, paper, and other
goods obtained from trees and plants. Water’s natural cycles play a role in maintaining stable
weather patterns, which allow for a sustainable economy and lifestyle and even protection from
flooding, drought, and other impacts of climate (Adler, 2002). Simply stated, all life depends on
and is shaped by water (Palmer, 2010).

Despite the value of freshwater sources, human societies worldwide have not always appreciated
the need to protect and maintain this resource (Adler, 2002). Whether it manifests as the absence
of quality drinking water or economic declines from losses in industries dependent on water, the
effects of losing this precious resource are far reaching (Flint, 2004). The region of the Texas
High Plains in the northwest part of the state has felt the pangs of the latter deficit through the
agricultural industry. The Texas High Plains is comprised of 39 counties in the Texas Northern
High Plains and Southern High Plains (Colaizzi, Gowda, Marek, & Porter, 2009). Like many
other regions situated above the Ogallala aquifer, the Texas High Plains sustains agricultural
production by using the Ogallala as a source of irrigation water.



Spanning beneath eight states from South Dakota to Texas, the Ogallala aquifer is one of the
world’s largest underground sources of freshwater (Colaizzi, 2009). Following World War 11,
innovations in groundwater extraction enabled an increase in the use of groundwater irrigation
(Hornbeck & Keskin, 2014). This newly-gained access to the aquifer transformed the land above
into one of the most agriculturally productive regions in the world (Peterson, Marsh, & Williams,
2003). Supplementing with irrigation has allowed producers in the area to substantially increase
yields and produce crops that would not usually be as economical in a drier climate (Almas,
Colette, & Wu, 2004). In addition, feed grains from the irrigated corn and grain sorghum
contributed to the popularity of the region as a cattle feeding area (Terrell, 1998). As a result,
agriculture has become a vital part of the Texas High Plains economy. According to the Texas
Alliance for Water Conservation (TAWC), the region generates a combined annual economic
value of crops and livestock exceeding $9.9 billion (TAWC, 2013). The vitality of the aquifer
has a substantial effect on irrigated agriculture’s $1.6 billion gross output for the Texas High
Plains economy (Wagner, 2012).

Unfortunately, the Texas High Plains is experiencing declines in groundwater availability from
the Ogallala aquifer (Texas Water Development Board, 2016). It is imperative for agricultural
producers to continually improve their irrigation management strategies for water conservation
when considering the future prospects of agricultural productivity enhancements through
technology development (Bian, 2015). Without agricultural producers’ support, water
conservation technologies and strategies will not make a difference. According to Texas A&M
AgriLife Extension (n.d.), advanced irrigation application technologies, monitoring soil
moisture, and evaluating crop water demand are important behaviors for improving irrigation
efficiency, which helps conserve water. Therefore, this study sought to identify to what extent
agricultural producers in the Texas High Plains region are currently using these water
conservation strategies as well as determine their intentions for adopting the practices in the
future.

Theoretical Framework

The theory of planned behavior served as the theoretical framework for this study. As an
extension of the theory of reasoned action, the theory of planned behavior provides a model for
predicting human action by evaluating one’s behavioral intention though the study of a subject’s
behavioral beliefs, normative beliefs, and control beliefs (Ajzen, 2002). The combination of
these three constructs leads to the formation of a behavioral intention, which is the immediate
antecedent of behavior. In general, the more favorable the attitudes and subjective norms and the
greater the perceived behavioral control, the stronger should be an individual’s intention to
perform the behavior (Ajzen, 1988). The theory of planned behavior has been applied across
disciplines to investigate diverse behaviors such as leisure participation (Ajzen & Driver, 1991),
alcohol consumption (Hagger et al., 2012), healthy eating (Fila & Smith, 2006), social network
website use (Pelling & White, 2009), and unsafe driving (Parker, Manstead, Stradling, Reason,
& Baxter, 1992). It also has been used to explore pro-environmental and conservation behaviors
(Beedell & Rehman, 2000; Hoag, Luloff, & Osmond, 2012; Taylor & Todd, 1997). Considering
water conservation behavior, the theory has been used to study rural and urban residents’
intentions to conserve water (Trumbo & O’Keefe, 2001) and adopt water conservation
technologies (Lam, 2006).



More specifically, the theory of planned behavior has been used to research agricultural
producers’ water conservation intentions (Lynne, Casey, Hodges, & Rahmani, 1995;
Yazdanpanah, Hayati, Hochrainer-Stigler, & Zamani, 2014). Lynne et al. (1995) administered a
guestionnaire via telephone interviews to 44 commercial strawberry farmers in Florida. The
study sought to examine the producers’ decisions to adopt or not adopt drip irrigation systems
and subsequently how much money to invest in conservation technology. Findings indicated
perceived behavioral control was important for explaining producers’ decisions, which suggests
that farmers did not have complete control in the decision to invest in the drip irrigation systems.
In another application of the theory of planned behavior, Yazdanpanah et al. (2014) studied
water conservation behaviors of 330 farmers in the semi-arid, drought-prone Boushehr province
of southern Iran via face-to-face interviews. The researchers found farmers’ risk perception of a
water crisis was high as well as their intentions and moral norms regarding water conservation.
The farmers’ subjective norms and attitudes toward water conservation were also positive.

Purpose and Research Questions

The American Association for Agricultural Education’s National Research Agenda 2016-2020
described a need for research to better understand how farmers make decisions related to the
adoption of new technologies and practices (Lindner, Rodriguez, Strong, Jones, & Layfield,
2016). The purpose of this research was to explore Texas High Plains agricultural producers’
adoption of water conservation practices, specifically advanced irrigation application
technologies, monitoring soil moisture, and evaluating crop water demand. Five research
questions guided this study:
1. What water conservation practices were producers using?
2. What were Texas High Plains agricultural producers’ attitudes toward the water
conservation practices?
3. What were producers’ perceptions of subjective norms regarding the water conservation
practices?
4. How did producers perceive their behavioral control in regard to adopting the water
conservation practices?
What were producers’ behavioral intentions regarding the water conservation practices?
To what extent did producers’ behavioral beliefs, normative beliefs, and control beliefs
influence their intentions to adopt the water conservation practices?

oo

Methods

To address the research questions, this study used descriptive survey research methodology with
a questionnaire mailed to agricultural producers in the Texas High Plains. The target population
for this study was agricultural producers in the Texas High Plains encompassing a 39-county
area (Colaizzi et al., 2009). According to the 2012 USDA Census of Agriculture, there were
17,709 principal operators in the study area. The minimum sample size required for a 5% margin
of error at the .95 confidence level with a p value of .10 or .90 is 139 (Ary, Jacobs, & Sorensen,
2010). Using SurveyMonkey’s® online Sample Size Calculator with the population of 17,709, a
confidence interval of 95 percent, and a 5% margin of error the researcher determined the
optimum sample size for this study is 377. Considering the availability of research funds and the



effects of a larger sample size on sampling error, the researcher selected a sample size of 1,000
producers. Selecting 1,000 addressed for the sample size also served to account for the typical
response rate for mail survey research. In their analysis of 309 mail surveys published in 2000
and 2005, Baruch and Holton (2008) calculated a 44.7% average response rate. Furthermore,
Graber’s (2011) study of Texas agricultural producers’ traditional and social media use had a
26.8% response rate using a mail survey research design.

The sample frame for this study was a list of about 1,500 agricultural producers’ mailing
addresses in the study area purchased from U.S. Farm Data, a database marketing service.
Members of the TAWC were excluded from the study population because their membership
created unique circumstances for adopting water conservation practices that differ from other
agricultural producers in the study area. After the list was prepared, simple random sampling was
used to select 1,000 producers to contact. The list was sent to a printing company that provided
the printing and mailing services.

Questionnaire

Following Dillman’s Tailored Design Method (2007), the researcher-developed instrument
contained four parts. For the purpose of this paper, relevant sections pertain to the constructs of
the theory of planned behavior, the producers’ current water conservation behavior, and selected
personal characteristics. Questions were asked to ascertain producers’ attitudes, perceptions of
subjective norms, and perceived behavioral control regarding three water conservation practices:
utilizing advanced irrigation application technologies, monitoring soil moisture, and evaluating
crop water demand. The items in these three categories were provided by Texas A&M AgriL.ife
Extension (n.d.) and verified by this study’s panel of experts.

Attitude items. Semantic differential scales assessed producers’ attitudes toward each of
the three water conservation behaviors. The 7-point scales had six pairs of bipolar adjectives:
Pleasant/Unpleasant, Good/Bad, Economically Beneficial/Economically Harmful, Socially
Beneficial/Socially Harmful, Worthwhile/Not Worthwhile, and Environmentally
Beneficial/Environmentally Harmful.

Perceived Behavioral Control items. Four items were used to measure this construct.
Two items used a semantic differential scale: 1 = No Control to 7 = Complete Control and 1 =
Impossible to 7 = Possible. Two other questions were presented using 7- point Likert-type scales
with the endpoints 1 = Strongly Disagree and 7 = Strongly Agree as response choices (“If |
wanted to | could...” and “It is mostly up to me whether or not I...”). These items were based on
prior research (Lynne et al., 1995; McCullough, 2011).

Subjective Norm items. Four questions, using a 7-point Likert-type scale (1 = Strongly
Disagree to 7 = Strongly Agree) were asked regarding subjective norms: (a) Most people who
are important to me think I should...; (b) It is expected of me to...; (c) The people whose opinions
I value would approve of me...; (d) Many agriculture producers like me...

Intention items. To measure intention, three items were assessed on a 7-point Likert-
type scale: 1 = Strongly Disagree to 7 = Strongly Agree. We adopted this portion of the



instrument from previous studies (Ajzen, 2013; Cunningham & Kwon, 2003; Francis et al.,
2004; McCullough, 2011; Shrestha, 2013) that used “I intend to. . .,” *“ I will try to. . .,” and “I
am planning to. . .” However, when reviewing the instrument, the expert panel members were
concerned this language was not pointed enough to differentiate levels of intention. The wording,
therefore, was changed to “I intend to. . .,” “I have firm plans in place to. . .,” and “I am making
preliminary plans to. . .”

Behavior items. Producers indicated the water conservation technologies and practices
they currently used with yes or no responses. These items were divided into the three areas of
utilizing advanced irrigation management, monitoring soil moisture, and evaluating crop water
demand. An area was provided for each of the items to write in additional options, if desired.

A panel of experts (n = 10) reviewed the instrument before data collection began. The panel was
comprised of agricultural producers, various affiliates of the TAWC, and agricultural education
and communications faculty members at Texas Tech University. Panelists were selected based
on their level of knowledge regarding the questionnaire subject matter and the overall survey
research process. Following the review, the panel’s suggestions were used to modify the
instrument prior to mailing.

After data collection, post hoc analyses were conducted to determine reliability. We chose to
forgo a pilot test in favor of the panel of experts’ review and post hoc analysis to preserve as
many names in the sampling frame as possible. The cost of materials and postage for a pilot
study was prohibitive as well. However, as previously stated, the items used in this study had
been used in other studies to measure the same constructs of interest with acceptable reliability
estimates. Table 1 displays the Cronbach’s alpha reliability scores for the respondents’ attitudes
toward the behaviors, subjective norms, perceived behavioral control, and intentions to perform
the behaviors. Reliability estimates ranged from .74 to .94, which indicated all were acceptable.
According to Fields (2013), a Cronbach’s alpha reliability score of .70 or higher is acceptable.

Table 1
Reliability of Instrument’s Constructs as Measured by Cronbach’s Alpha
Utilize Irrigation Monitor Evaluate
Application Soil Crop Water
Conservation Practice Technologies Moisture Demand
n (04 n a n a
Intentions to perform behavior (3 items) 94 91 90 .94 91 .92
Attitudes toward behavior (6 items) 88 87 88 .90 90 .90
Perceived behavioral control (4 items) 90 .83 92 .77 91 .85
Subjective norms (4 items) 93 74 93 .87 94 91

Data Collection

The Institutional Review Board at Texas Tech approved this study before data collection began.
The data collection process had three points of contact with members of the sample. First, 1,000



members of the sample received a cover letter describing the study, an information sheet, the
survey instrument, and a return envelope. This was mailed September 18, 2015. Approximately
two weeks after the first mailing of the instrument, on October 1, 2015, a reminder postcard was
mailed to all sample members. Following the postcard, on November 5, another complete
mailing with a new cover letter, an information sheet, the survey instrument, and return envelope
was mailed only to those who had not responded. Data collection ceased on November 30. A
lottery-type incentive was offered on a voluntary basis for respondents. Participants had the
chance to enter a drawing for one of two $50 gift cards by providing their name and preferred
contact information on a tear-away portion of the back cover of the survey instrument.

Data Analysis

Despite efforts to encourage participation in the study, the survey garnered a low response rate;
183 responses were received for an overall response rate of 18.3%. This issue does present a
limitation of the study. The researcher used SPSS® v. 22 for Windows™ to calculate statistics.
Descriptive statistics were used for nominal and scale data. Measures of central tendency,
including means and modes, were calculated as well as measures of variability, i.e. frequencies,
standard deviations, and ranges. Chi-square statistics and independent samples t-tests compared
early and late respondents in terms of selected characteristics. Multiple linear regressions were
computed to identify the amount of variance in behavioral intention to adopt water conservation
practices explained by the theory of planned behavior constructs.

In an effort to reduce non-response error, we conducted analysis to compare early versus late
responders. Lindner, Murphy, and Briers (2001) recommended identifying late respondents
based on responses generated by a stimulus such as a reminder postcard or second complete
mailing. In the case of this study, the last stimulus was a second complete mailing of the survey
materials. No statistically significant (p < .05) differences were found between early and late
responders in regard to age, years farming/ranching, acres farmed, or familiarity with the
TAWC.

Description of Respondents

After data collection we used descriptive statistics to analyze characteristics of the respondents.
Demographics collected in this survey were age, gender, number of years farming or ranching,
total number of acres operated, location of farm by county, and type of crops produced. Some
questions have missing responses because they were included at the end of the instrument and
several respondents did not complete the survey instrument in its entirety. The majority of
respondents were male (n = 108, 94.7%); six females (5.3%) responded. Respondents’ ages
ranged from 28 to 86 years old with a mean of 58.40 (SD = 11.65) and mode of 59. The mean
number of years farming/ranching was 34.7 years (SD = 13.43), with a minimum of one and a
maximum of 70. Thirty-five and 40 years were the modes indicated by 11 respondents each.

The total number of acres in operation ranged from less than 500 acres (n = 17, 15.6%) to 5,000
or more acres (n = 8, 7.3%). The mean for total acreage was 2,049.7 (SD = 2002.44). The
respondents represented 42 counties with five counties in the 39-county study area not
represented and eight counties outside of the area represented. The most frequently reported crop



produced was cotton (n = 69, 67.0%) followed by wheat (n = 66, 64.1%) and grain sorghum (n =
63, 61.1%). Other crops included corn, hay, and peanuts. Eighty-five respondents (84.2%)
indicated producing multiple crop species.

Results
RQ1: What water conservation practices were producers using?

Table 2 displays respondents’ current use of water conservation practices. LEPA was the most
commonly reported irrigation application technology (n = 61) followed by SDI (n = 35). Hand
sampling was the most frequently reported method for monitoring soil moisture (n = 80, 82.5%)
followed by capacitance probes (n = 31, 34.8%). Plant water potential was the most frequently
identified method for evaluating crop water demand (n = 50, 53.8%) followed by estimating
evapotranspiration (n = 43, 46.7%).

Table 2
Respondents’ Current Use of Advanced Irrigation Application Technologies, Soil Moisture
Monitoring Methods, and Crop Water Demand Evaluation Methods

Behavior Category n f %
Irrigation Application Low Energy Precision Application (LEPA) 95 61 64.2
Technologies Subsurface Drip Irrigation (SDI) 88 35 398
Low Elevation Spray Application (LESA) 91 34 37.4
Low Pressure In-Canopy (LPIC) 89 18 20.2
Mid-Elevation Spray Application (MESA) 86 7 8.1
Precision Mobile Drip Irrigation (PMDI) 82 4 4.9
Soil Moisture Hand sampling 97 80 82.5
Monitoring Methods  Capacitance probes 89 31 348
Tensiometers 89 5 5.6
Gypsum resistance blocks 90 5 5.6
Crop Water Evaluation  Plant water potential 93 50 53.8
Methods Estimating evapotranspiration 92 43  46.7
Time-temperature threshold 89 12 13.5
Measuring canopy temperature 90 11 12.2

RQ2: What were Texas High Plains agricultural producers’ respondents’ attitudes toward
the water conservation practices?

Table 3 displays the summated attitude means toward utilizing advanced irrigation application
technology, monitoring soil moisture, and evaluating crop water demand. Because this construct



was measured using 7-point semantic differential scales where 1= Good and 7= Bad — the lower
the mean score, the more positive the attitude. Utilizing advanced irrigation application
technology had the lowest mean score of 1.87 (SD = 0.96). The largest mean score was for
monitoring soil moisture (M = 2.03, SD=1.08).

Table 3

Summated Attitudes Toward Water Conservation Practices

Conservation Practice n M SD Mode Range
Monitor Soil Moisture 93 2.03 1.08 1.00 6.00
Evaluate Crop Water Demand 95 1.97 1.02 1.00 4.50
Utilize Irrigation Application Technology 93 1.87 0.96 1.00 4.00

Note. Scores based on semantic differential scale: 1 = Good to 7 = Bad.
RQ3: What were producers’ subjective norms regarding the water conservation practices?

Table 4 displays summated subjective norms for each of the water conservation practices. This
construct was measured using a 4-item, 7-point Likert-type scale (1 = Strongly Disagree to 7 =
Strongly Agree) so the higher the mean score, the stronger the subjective norms. Utilizing
advanced irrigation application technologies had the highest mean score of 5.09 (SD = 1.03). The
lowest mean score was reported for monitoring soil moisture (M = 4.65, SD = 1.31).

Table 4

Summated Subjective Norms for Respondents Regarding Water Conservation Practices
Conservation Practice n M SD Mode Range
Utilize Irrigation Application Technology 99 5.09 1.03 5.50 5.50
Evaluate Crop Water Demand 99 4.79 1.46 4.00 6.00
Monitor Soil Moisture 98 4.65 1.31 5.50 6.00

Note. Scores based on a Likert-type scale: 1 = Strongly Disagree to 7 = Strongly Agree

RQ4: How did producers perceive their behavioral control in regard to adopting the water
conservation practices?

Table 5 displays respondents’ summated mean scores for perceived behavioral control over
performing water saving behaviors. Evaluating crop water demand had the highest mean score of
5.84 (SD = 1.21). Utilizing irrigation application technologies had the lowest mean score of 5.43
(SD = 1.35).

Table 5

Summated Perceived Behavioral Control over Water Conservation Practices

Conservation Practice n M SD Mode Range
Evaluate Crop Water Demand 97 5.84 1.21 7.00 5.25
Monitor Soil Moisture 98 5.80 1.12 7.00 5.25
Utilize Irrigation Application Technology 94 5.43 1.35 6.50 6.00

Note. Scores based on a Likert-type scale: 1 = Strongly Disagree to 7 = Strongly Agree.



RQ5: What were producers’ behavioral intentions regarding the water conservation
practices?

Table 6 displays the summated intentions to utilize advanced irrigation application technology,
monitor monitoring soil, and evaluate crop water demand. This construct was measured using
three items measured on a 7-point Likert-type scale: 1 = Strongly Disagree to 7 = Strongly
Agree. The higher the mean score, the stronger the intent to perform the behavior. Utilizing
advanced irrigation application technologies had the highest mean score of 5.11 (SD = 1.42). The
lowest mean score was for monitoring soil moisture (M = 4.54, SD = 1.54).

Table 6

Summated Intentions to Perform Water Conservation Practices

Conservation Practice n M SD Mode Range
Utilize Irrigation Application Technology 101 511 1.42 5.33 6.00
Evaluate Crop Water Demand 98 4.89 1.48 6.00 6.00
Monitor Soil Moisture 97 4.54 1.54 6.00 6.00

Note. Scores based on Likert-type scale: 1 = Strongly Disagree to 7 = Strongly Agree.

RQ6: To what extent did producers’ behavioral beliefs, normative beliefs, and control
beliefs influence their intentions to adopt the water conservation practices?

The attitude construct was reverse coded so all constructs were based on the same directional
scales where lower values indicate more negative attitudes or less agreement and higher values
denote more positive attitudes or more agreement. First, a multiple linear regression model was
used to examine if respondents’ attitudes, subjective norms, and perceived behavioral control
predicted their intentions to utilize advanced irrigation application technologies (see Table 7).
The model was not significant (R? = .61, F(87) = 44.83, p > .05); attitude (p > .05), subjective
norms (p < .05), and perceived behavioral control (p < .05).

Table 7
Multiple Linear Regression Analysis for Variables Predicting Intention to Utilize Advanced

Irrigation Application Technologies

Variable B t P F R?
(Constant) -.99 -1.46 15 44.83 .61
Attitude toward behavior .05 0.41 .68
Subjective norms* .62 5.70 .00
Perceived behavioral control* 49 5.65 .00

*Indicates significance at p < 0.05.

A multiple linear regression model was used to examine if respondents’ attitudes, subjective
norms, and perceived behavioral control predicted their intentions to monitor soil moisture (see
Table 8). This model was not significant (R?> = .51, F(83) = 28.52, p > .05); attitude (p > .05),
subjective norms (p < .05), and perceived behavioral control (p <.05).



Table 8
Multiple Linear Regression Analysis for Variables Predicting Intention to Monitor Soil
Moisture

Variable B t P F R?
(Constant) -.84 -1.01 31 28.52 51
Attitude toward behavior A1 0.78 A4
Perceived behavioral control* .33 2.47 .02
Subjective norms* .61 5.02 .00

*Indicates significance at p < 0.05.

A multiple linear regression model was used to determine if respondents’ attitude, subjective
norms, and perceived behavioral control predicted their intentions to evaluate crop water demand
(see Table 9). This model was not significant (R? = .62, F(86) = 46.37, p > .05); attitude (p >
.05), subjective norms (p < .05), and perceived behavioral control (p < .05).

Table 9
Multiple Linear Regression Analysis for Variables Predicting Intention to Evaluate Crop
Water Demand

Variable B T P F R?
(Constant) -.19 -0.29 a7 46.37 .62
Attitude toward behavior -.03 -0.21 .84
Perceived behavioral control* .30 2.60 .01
Subjective norms* .66 8.10 .00

*Indicates significance at p < 0.05.
Conclusions, Implications, and Recommendations

Each of the examples of water conservation behavior methods from utilizing advanced irrigation
application technologies with LEPA to monitoring soil moisture by hand sampling to evaluating
crop water demand by estimating evapotranspiration had at least four respondents who indicated
their use of the practice. The use of different methods for irrigating, monitoring soil moisture,
and evaluating crop water demand implied that producers in the Texas High Plains have diverse
technical and educational needs.

Studying producers’ attitudes, subjective norms, and perceived behavioral control regarding
water conservation practices using the theory of planned behavior as a lens provided valuable
insight that can help explain why some producers have adopted these behaviors and others have
not and why producers have adopted some methods more than other methods. Respondents had
favorable attitudes toward the three water conservation practices. Similarly, Yazdanpanah et al.
(2014) found farmers’ attitudes toward water conservation to be relatively favorable in their case
study of Iranian farmers. When comparing producers’ attitudes toward each of the water
conservation behaviors based on their overall mean scores, respondents had the most favorable
attitudes about evaluating crop water demand followed by utilizing advanced irrigation
application technologies and monitoring soil moisture.



Although previous studies found subjective norms can present barriers to adopting new
technology (Hoag et al., 2012), respondents in this study indicated strong subjective norms were
not at play because the mean scores were more neutral. Summated mean scores for each of the
subjective norms measured showed the greatest social pressure was for utilizing advanced
irrigation application technologies followed by evaluating crop water demand and monitoring
soil moisture. The agricultural producers’ subjective norms or social pressure for performing
water conservation behaviors reflected a neutral stance. This implies respondents did not
perceive firm expectations being placed on the respondents to perform these behaviors.

For perceived behavioral control, producers had the highest perceptions of control on evaluating
crop water demand followed by monitoring soil moisture and utilizing advanced irrigation
application technologies. However, the differences in mean scores for perceptions of control
were small. One possible implication for that is producers perceived being somewhat in control
over implementing each of these water conservation practices, which insinuates the practices
have an almost equal opportunity of adoption based on perceived behavioral control alone.
Lynne et al. (1995) said farmers need to perceive at least some control for them to move forward
with technology decisions. In fact, with a perception of personal control, farmers are more likely
to take action and invest more intensely (Lynne et al., 1995). The summated mean scores for
intention to adopt each of the water conservation behaviors showed respondents had the
strongest agreement with intentions to utilize advanced irrigation application technologies
followed by intentions to evaluate crop water demand and monitoring soil moisture.

Multiple linear regression models examined if respondents’ attitudes, subjective norms, and
perceived behavioral control predicted intentions to utilize advanced irrigation application
technologies, monitor soil moisture, and evaluate crop water demand. Even though the subjective
norms and perceived behavioral control constructs of the theory of planned behavior were
statistically significant for each of the three water conservation behaviors” multiple linear
regression models, the overall models were not statistically significant. Similar to Lam’s (2006)
study, the theory of planned behavior alone did not capture respondents’ intentions to adopt new
technology. However, in Lam’s (2006) model and the Yazdanpanah et al. (2013) model, it was
the perceived behavioral control construct that was insignificant. In this study, it was the attitude
construct.

Both perceived behavioral control and subjective norms were significant in the multiple linear
regression models. Perceived behavioral control was positively related to behavioral intention.
For Taylor and Todd (1997) and Lynne et al. (1995), perceived behavioral control also played a
significant role in predicting intentions for pro-environmental behaviors. Because respondents
did not perceive they had complete volitional control over performing the water conservation
practices (Lynne et al. 1995; Taylor & Todd, 1997), the behavior must not be under full
volitional control. Similar to other studies (Lynne et al., 1995; Yazdanpanah et al., 2014), the
subjective norms construct was statistically significant (p < .05) in predicting intentions to adopt.
The subjective norms were positively related to behavioral intention, which suggests that social
pressure to adopt these water conservation practices is beneficial. As in the Lynne et al. (1995)
study, the findings imply that farmers can be influenced by subjective norms in regard to water
conservation. However, the actual mean scores calculated for the respondents’ subjective norms



may limit interpretation of this finding. The scores ranged from 4.65 to 5.09 representing a more
neutral stance when it came to social pressure.

Because this study quantitatively captures a broad view of the advanced irrigation application
technologies, soil moisture monitoring methods, and crop water evaluation techniques
agricultural producers were using for irrigation management, a qualitative study that provides
information rich, detailed data could be an insightful complement to this study. Although this
study gained information about the number of technologies and methods used to manage
irrigation for conservative water use, it did not divulge the complementary interplay of these
tools and techniques. The effectiveness of these practices is improved with the integration of
multiple practices in an irrigation management strategy (Texas A&M AgriLife Extension
Services, n.d.). A qualitative approach could more deeply explore the extent to which producers
are using these water conservation practices together.

In addition, further research is needed to explain the factors that influence producers’ adoption of
water conservation practices. Although the theory of planned behavior can be useful in
predicting behavioral intention to adopt, in this study it did not fully explain all of these factors.
Other barriers to adoption and factors influencing producers’ decisions should be identified to
help determine whether Texas High Plains producers are unable and/or unwilling to adopt these
water conservation practices. Messages can be created that address producers’ attitudes,
subjective norms, and perceived behavioral control regarding water conservation behavior. These
messages should be tested using an experimental design to determine the messages that truly
resonate with agricultural producers and lead to change in behavior.

For those who are working to help farmers implement water conservation techniques, this study
provides several practical recommendations. Lynn et al. (1995) explained it is important for
farmers to perceive they have some control over adopting a conservation technology. It affects
not only their decision to take action, but also the intensity of investments. Strategies for
enhancing producers’ perceptions of their control over adopting these water conservation
practices should be explored and considered. Furthermore, the subjective norms construct served
as a significant factor in accounting for variance in predicting adoption of water conservation
practices implies perceived behavioral control is not the only variable that helps explain
behavior. Producers reported approval from those who are important to them and those whose
opinions they value in regard to performing the water conservation behaviors. Strategies for
promoting the social approval of utilizing advanced irrigation application technologies,
monitoring soil moisture, and evaluating crop water demand should be used. This could be done
by identifying and building rapport with opinion leaders viewed as having significant influences
in the Texas High Plains social system in regard to crop irrigation.
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Exploring How Extension can build Trust to Encourage Engagement in Water
Conservation Practices

Brandon McKee, University of Florida
Alexa Lamm, University of Florida
James Bunch, University of Florida

Abstract

Extension educators seek to provide scientific research and perspective to farmers and the
public. The connection that extension educators foster between farmers and consumers can be
capitalized upon to build trust and ultimately encourage behavior change through social capital.
Agricultural educators have recognized the need for consumers and farmers to develop trust and
mutuality in order to combat complex issues such as water usage. Agriculture is the greatest user
of water in the United States; therefore efforts to encourage agricultural water conservation
have been explored. Unfortunately, they are largely unsuccessful because of the increased
production cost associated with conservation passed on to consumers. This study explored how
U.S. consumers’ related their willingness to pay for products conserving water with their level of
trust that farmers are good conservationists. The findings revealed that trust that farmers will
conserve water is predicted by the degree of positive and negative relationships that consumers
identify. The findings imply that by developing relationships between consumers’ trust and their
willingness to pay, extension educators can encourage engagement in agricultural water
conservation practices.

Introduction

Extensive educational programs are provided by extension educators and promoted through
collaborative efforts made between the local, state, and federal government (Terry & Osborne,
2015). Extension educators strive to provide the public with quality research to assist in
developing informed decisions on critical issues at all levels. The types of relationships extension
educators create between the public and the agricultural, food, fiber, and natural resource
industries are significant to combatting the fragmented communication between the groups
(Duffy, Fearne, & Healing, 2005). In order to be successful in this endeavor, mutual trust must
exist between leaders, followers, consumers, and farmers alike (Mwangi, 1998). These integral
relationships develop social capital, which can be used to address complex environmental issues,
and has shown to be an underappreciated tool for conservation (Pretty & Ward, 2001).

Water scarcity is an ever-growing global issue that must be addressed directly and thoughtfully.
While water may encompass 66% of the Earth’s surface, freshwater makes up only 2.5% of
which 69% of the freshwater is captured in the polar ice caps (Engelman et al., 1993). Of the
small percentage of freshwater that is available for use, 8% is used in households and 23% is
used by industry; leaving agriculture as the greatest drain on the water supply (69%; Engelman et
al., 1993). Further, water extraction for domestic, food, and industrial uses has had a major
impact on ecosystems and this affect will only be exacerbated by the growing demand for water
(Rijsberman, 2006). While many believe the issue of water scarcity will create international
conflicts, it has been recognized that the larger risks are the conflicts within countries (Ohlsson,



2000). These conflicts will stem from the institutional changes required to adapt to water scarcity
(Ohlsson, 2000). Additionally, consumers are sensitive and resistant to higher water prices
(Olmstead & Stavins, 2009). However, a possible solution to water scarcity is reducing demand
of water by changing consumer preferences for water use (“Shift in Demand Curve: When Price
Doesn’t Matter”, n.d.). Consumer preferences can be reformed through educational programs,
such as those Extension provides. In addition, the literature is clear that extension educators must
address the complex issue of water scarcity in the near future if it wants to remain relevant
(Huang & Lamm, 2015a; Huang & Lamm, 2015b; Huang, Lamm & Dukes, 2016; Lamm,

Lamm, & Carter, 2015).

Arlen Etling cited R.J. Kleis defining non-formal education as “any intentional and systematic
education enterprise in which content is adapted to the unique needs of the students in order to
maximize learning” (Etling, 1993, p.73). The connection extension educators build between
consumers and the farmer is typically through non-formal education programs and can be used as
effective avenues for creating trust between the parties (“Extension”, n.d.). Non-formal

education creates collective actions and experiences that work to meet needs and solve issues
(Kindervatter, 1979). Users of non-formal education programs have developed improvements to
social, economic, and political standings. Thus by understanding the function of Extension and
how Extension educates the public, initiatives can be taken to develop desirable traits within the
consumers.

According to Rogers, Silva, and Bhatia (2001), water is an economic good and the way to
promote equity, efficiency, and sustainability of water is addressed conceptually through water
pricing. However, Martinex-Espineira and Nauges (2006) identified water consumption as an
elastic and inelastic good, making the issue of water conservation more difficult to regulate.
While water pricing alone is not a valid means of encouraging water conservation, it can be used
in conjunction with consumer trust to resolve water scarcity (Yang, Zhang, & Zehnder, 2003).
The greatest issue facing agricultural water conservation is the cost of water efficient
technologies. The high entry cost of water conservation technology discourages many farmers
from participating because of profitability (Seo, Segarra, Mitchell, & Leatham, 2007). Seo et al.
(2007) stated that in order to save water, current farmers need to be convinced to replace old
irrigation systems with new ones (2007). The cost of innovation is reliant upon consumers’
willingness to pay for conservation practices. This study focuses on encouraging farmers to
implement water-conserving practices by knowing why consumers are more willing to pay for
the cost of these practices.

Many studies have tested the validity of increasing water prices to encourage water conservation
and the findings have shown hesitation and dissatisfaction among consumers and farmers
(Olmstead & Stavins, 2009; Seo et al., 2007; Yang et al., 2003). While farmers may be hesitant
to switch to water efficient practices (Seo et al., 2007), they can find solace in consumer support
that will allow for higher prices for the sake of water conservation. Extension, as a non-formal
education program, can be used as an effective tool for trust development between the two
groups (“Extension”, n.d.) serving as a natural bridge between farmers and consumers (Duffy et
al., 2005). Ultimately, this study sought to address two priorities from the national research
agenda for agricultural education (Roberts, Harder, & Brashears, 2016). Those priorities include



“public and policy maker understanding of agriculture and natural resources” (p. 13) and
“addressing complex problems” (p. 57).

Theoretical Framework

This study applied social capital theory (Lin, 2001) as a means of identifying solutions to the
growing concern of water scarcity. Social capital theory illustrates the notion that an investment
in social relations will bring an expected return in the marketplace (Lin, 2001). Lin (2001)
explained there are four main ways social capital brings about change, including (a) the
reduction of transaction costs and stronger rewards, (b) the exertion of influence on agents, (c)
the accreditation of actors, and (d) the reinforcement of identity and recognition (Lin, 2001).
While consumers are hesitant to accept increasing water prices (Olmstead & Stavins, 2009; Seo
et al., 2007; Yang et al., 2003) they could be more inclined to pay for water conservation
practices if they have developed social capital with farmers.

Several studies have used social capital theory to investigate different phenomenon within the
agricultural and natural resource realm. Cramb (2005) found significant support for the concept
that social relations and ties could encourage soil conservation (Cramb, 2005). The study focused
on the establishment of a Landcare Program. The Landcare groups were composed of farmers
and community members alike and were used to construct bridges of social capital to identify
and improve issues regarding soil conservation. The study concluded that the success of the
Landcare groups did not lie within the multitude of farmer trainings, cross-farm visits, or
information sessions, but in the community social ties that were developed and the creation of
social capital (Cramb, 2005).

A study that examined citizens’ perception of water conservation policies, and the influence of
social capital on these perceptions, concluded that where social capital was low, citizens
perceived the price of water as high (Jones, Evangelinos, Gaganis, & Polyzou, 2011). Social trust
was found to be a noteworthy factor when determining the perception of costs to consumers. In
addition, an increase in social collaboration was found to be an explanatory variable in perceived
low costs and also created policy support. While water consumption policies are often observed
as ineffective measures toward conservation, the policies can gain traction through social capital,
which can be used as a tool for confronting issues. This study recommended that if prior to
policy implementation there was a social capital assessment than many ineffective elements in
the policy could be addressed (Jones et al., 2011).

Another study addressed how source credibility affected attitude formation and perceptions of
the public regarding agricultural water use (Lamm, Owens, Telg, & Lamm, 2016). The study
showed four identical videos of a speaker explaining how farmers can use best management
practices to reduce water consumption; the only differing factor was the source treatment given
to each video. The study revealed the public was generally open to agriculture taking the
necessary water conservation steps, regardless of increased food prices. In fact, when the source
treatment was a farmer, which was deemed as more trustworthy, there was a statistically
significant higher score associated with the impacts farms have on the environment. Lamm et al.
(2016) accredited this to the farmer being an individual with expertise in their domain but trust
also played a significant role and needed to be explored further.



Social capital theory could provide a solution to water scarcity that is outside of the ineffective,
redundant initiatives that have used public financial responsibility as a driver. While past efforts
mentioned by Olmstead and Stavins (2009), Seo et al. (2007), and Yang et al. (2003) have shown
to be feeble, social capital theory provides a new frame for this complex issue (Lin, 2001).
Extension educators are an established group of professionals ready to address water issues by
building social capital between farmers and consumers (Duffy et al., 2005).

Purpose and Objectives

The purpose of this study was to determine if the degree of trust consumers have in farmers
being conservationists’ impacts a consumer’s willingness to pay for water conservation. The
following research objectives guided this study:

Describe consumers’ trust in farmers as conservationist.

Describe consumers’ perceptions of farmers being conservationists.

Describe consumers’ willingness to pay for water conservation.

Determine if perceptions of farmers being conservationists predicts trust in farmers.
Determine if consumer trust in farmers and their perceptions of farmers being
conservationists predicts willingness to pay.

ISAE I

Methodology

A survey distributed online was used to reach the research objectives. The survey was based
upon the 2012 RBC Canadian Water Attitudes Study (Patterson, 2012) and the Government
Style Questionnaire (Green-Demer, Blanchard, Pelletier, & Béland, 1994). While part of a larger
study, four sets of questions were specifically used in this study to measure the following
indices: perception of farmers as conservationists, trust in farmers, and willingness to pay for
conservation practices. In order to uphold the survey’s integrity and validity, a panel of experts
specializing in public opinion research, water issues, and survey design reviewed the survey
prior to distribution. Panel members included the Director of the UF Water Institute, the Chief
Executive Officer of Florida Nursery, Growers and Landscape Association, an extension
specialist in water economics and policy, the Director of the UF/IFAS Center for Landscape
Conservation and Ecology, the associate director of the UF/IFAS Center for Public Issues
Education, and an assistant professor specializing in agricultural communication.

The target population of interest was US residents aged 18 or older. After expert panel review
and revision, a pilot test was conducted with 50 respondents representing the target population to
approve the validity of the constructs. The Cronbach alpha levels for each of the constructs were
greater than .80 in the pilot study so they were deemed appropriate measures. Using a non-
probability opt-in sampling technique, a survey research company distributed the finalized
survey nationally. A total of 2,704 individuals were invited to complete the survey. Quotas for
the study were established a priori to ensure the sample would be representative of the US
population and attention filters were integrated. Respondents had to fill the required quota and
pass the attention filters for their responses to be accepted as complete. The data collection
methods utilized resulted in 1,050 complete surveys, equating to a 42% participation rate.



Recognizing the potential for selection, exclusion, and non-participation biases due to using a
non-probability sampling method, a post-stratification weighting method was applied to ensure
the analyzed data properly represented the population of interest (Baker et al., 2013; Kalton &
Flores-Cervantes, 2003). Data was weighted using the 2010 US Census data ensuring residential
state, age, gender, and race/ethnicity matched the national population.

Respondents were asked to indicate their perception of farmers being and not being
conservationists, their trust in farmers as conservationists, and their willingness to pay for
conservation practices each on a five-point Likert-type scale. The scale had ranges including: 1=
Strongly Disagree, 2 = Disagree, 3 = Neither agree nor disagree, 4 = Agree, or 5 = Strongly
Agree. In addition, respondents were able to identify Does Not Apply. These responses were
considered missing values for the study. The perception that farmers are/are not conservationists
indices were both created with five questions, trust in farmers had three questions, and the
willingness to pay construct had three questions. The indices were created by calculating the
average of the scores that could range from one to five. Each of the indices had reliable
Cronbach’s alpha coeffecients with a .84 for farmers are conservationists, .86 for farmers are not
conservationists, .74 for respondents’ trusting farmers as conservationists, and .84 for
respondents” willingness to pay for conservation practices. Lastly, respondents were asked to
answer several questions based upon their demographics. Descriptive statistics were used to
achieve the first three objectives and multiple linear regression was used for objectives four and
five.

Table 1
Demographics of Respondents (N = 1,050)
n %
Gender
Female 538 51
Male 512 49
Ethnicity
White 703 67
Black 122 12
Asian/Pacific Islander 52 5
Native American 7 1
Multiracial 15 1
Other 151 14
Age
20 - 39 370 35
40 - 59 383 37
60 or older 296 28
Education Level
Some high school 18 2
High School degree/ GED 227 22
Some college 261 25
2-year degree 139 13

4-year degree 275 26




Graduate/ Professional degree 130 13
Political Affiliation

Democrats 274 38
Republicans 400 26
Independents 266 25
Non-affiliated 104 10
Other 5 1
Income Level
Less than $24,999 228 22
$25,000 - $49,999 300 29
$50,000 - $74,999 254 24
$75,000 - $149,999 223 21
More than $150,000 45 4
Results

Objective 1: Trust in Farmers as Conservationists

Respondents were asked to indicate their trust in farmers as conservationists using three
statements (Table 2). Most of the respondents’ agreed or strongly agreed farmers were concerned
about water when they were making important decisions about farming (86%). Only 3.5%
disagreed or strongly disagreed with the statement. The three statements were averaged to create
the trust in farmers index (oo = .74). The trust in farmers index had a mean of 3.83 (SD = .72).

Table 2
Trust in Farmers

Strongly  Disagree Neither Agree  Strongly

Disagree Agree Nor Agree
Disagree
N %
I know farmers will be 1019 v 2.8 10.3 37.3 48.8
concerned about water
resources when they make
important decisions about
farming
Sound principles seem to 998 1.7 6.8 29.1 44.5 17.9
guide farmers’ behavior
when it comes to water
use
Farmers can be relied uponto 989 2.7 10.6 35.8 35.7 15.2

keep their promises when
it comes to water use

Note. N for each item varies based on the option to select does not apply that was coded as
missing data.

Objective 2: Perceptions of Farmers being Conservationists



Respondents were asked to identify how well farmers conserve water by responding to ten
statements. The first five statements were positive and written as farmers being conservationists
(Table 3). The last five questions were negative and written as farmers being non-
conservationists (Table 4).

Within the farmers being conservationist set, the statement that farming protects our natural
environment was the one statement most strongly agreed upon (18.7%). However, the second
statement that farm lands or privately owned agricultural lands allow water to return to and
recharge groundwater resources had the highest amount of agreeance, a combination of agree
and strongly agree percentages, with 60.2%. An index was created by taking the average of the
five statements (o = .84). The mean score of the index was 3.50 (SD =.77).

Table 3
Perceptions of Farmers as Conservationists

Strongly  Disagree Neither Agree  Strongly

Disagree Agree Nor Agree
Disagree
N %
Farming protects our natural 1005 2.3 9.2 29.3 40.5 18.7
environment
Farm lands or privately owned 911 14 5.6 32.8 41.7 18.5
agricultural lands allow
water to return to and
recharge groundwater
resources
Farmers only use as much 957 5.6 12.4 38.0 29.1 14.9

fertilizer as necessary on
their fields and crops
Farmers only use as much 953 6.1 14.2 35.1 30.9 13.7
pesticides as necessary on
their fields and crops
Farmers conserve water 967 2.6 10.7 40.2 34.2 12.2

Note. N for each item varies based on the option to select does not apply that was coded as
missing data.

When asked to respond to negatively framed statements that imply farmers are not
conservationists, the majority of respondents indicated they believed farmers use pesticides on
farms that pollute natural water sources. Only 8% disagreed or strongly disagreed with the
statement (Table 4). The farmers are not conservationists index was created by taking the
average of the five statements (o = .86). The mean of the index was 3.49 (SD = .79).

Table 4
Perceptions of Farmers as not Conservationists

Strongly  Disagree Neither Agree Agree  Strongly
Disagree Nor Disagree Agree

N %




Pesticides used on farms 994
pollute natural water
sources

Fertilizers used on farms 982

pollute natural water
sources

Animal waste produced on 979

farms pollutes natural
water sources

Farming causes water 947
runoff

Farming causes soil 942
erosion

2.1

2.5

3.1

3.9

4.8

5.7

7.1

12,5

15.6

23.8

23.5

29.0

30.3

36.3

33.8

414

37.7

32.9

35.9

29.7

27.3

23.7

21.2

8.3

8.0

Note. N for each item varies based on the option to select does not apply that was coded as

missing data.

Objective 3: Willingness to Pay for Conservation

Respondents most strongly agreed with the statement that farmers should use fewer pesticides
even if the consumer would have to pay more for food. Thirty-nine percent of the respondents
strongly agreed with the statement and only 3% strongly disagreed with paying more for food in
order for farmers to use fewer pesticides in production (Table 5). The willingness to pay index
was the average of the responses to the three statements (o = .84) and had a mean of 3.82 (SD =

.92).
Table 5
Willingness to Pay for Conservation
Strongly  Disagree Neither Agree  Strongly
Disagree Agree Nor Agree
Disagree
N %
Farmers should use as little 1024 2.8 6.3 22.0 29.7 39.3
pesticides as absolutely
necessary even is it means
I have to pay more for the
food I purchase
Farmers should use as little 1024 3.1 8.1 28.0 29.9 30.9
fertilizer as absolutely
necessary even if it means
I have to pay more for the
food | purchase
Farmers should save as much 1023 3.3 7.0 30.6 31.6 27.5

water as possible when
irrigating crops even if it
means | have to pay more
for the food | purchase




Note. N for each item varies based on the option to select does not apply that was coded as
missing data.

Objective 4: Predicting Trust in Farmers

A linear regression model was used to determine if perceptions (both positive and negative) of
farmers as conservationists could predict trust. The farmers are conservationists construct was a
significant predictor of consumers’ trust (b = .63, p = .00). The farmers are not conservationists
construct was not a significant predictor. The model explained 40% of the variance in trust
(Table 6).

Table 6
Predicting Trust in Farmers as Conservationists
Trust
Variable b p
Farmers are conservationists .63 .00
Farmers are not conservationists -.01 .83

Note. R? = .40.
Objective 5: Trust in Farmers and their Willingness to Pay

Trust in farmers (b = .22, p =.00) and farmers are not conservationists (b = .41, p =.00) were
significant predictors of willingness to pay. The belief that farmers are conservationists was not a
significant predictor. Twenty-one percent of the variance in consumers’ willingness to pay was
attributed to these predictors.

Table 7
Predicting Willingness to Pay

Willingness to Pay

Variable b p
Farmers are not conservationists 41 .00
Trust in farmers 22 .00
Farmers are conservationists .05 .20
Note. R? = .21.

Conclusion and Implications

Previous literature by Pretty and Ward (2001) may have identified social capital as a forgotten
tool for conservation, but this study identified increasing social capital as an effective avenue for
engaging the public in water conservation. These key findings revealed consumers’ trust and
willingness to pay could be predicted by their respective constructs. Forty percent of the variance
in respondents’ trust in farmers as conservationists can be determined by knowing the
respondents perception of farmers as conservationists. In addition, an increase in consumers’
perception of farmers as conservationists was found to result in an increase in consumers’ trust.



Consumers’ willingness to pay for conservation practices can also be determined through
significant predictors such as consumers’ trust in farmers and the belief that farmers are not
conservationists. Therefore consumers were more likely to be open to paying for conservation
practices if they trusted farmers as conservationists, as well as if they identified farmers as poor
conservationists. This study indicated the more consumers know about farming practices, the
more likely they are going to be willing to pay for stronger conservation practices, regardless if
the farmer was perceived to be a poor or a strong conservationists of water resources.

The social capital ideology that social relations will bring an expected return in the marketplace
(Lin, 2001) is supported by this study where the key findings reflected an increased willingness
to pay from consumers despite perception of farmers. A poor perception on farmers as
conservationists would create a natural assumption that consumers are unwilling to pay for
increases in food. However, this study found that a growing negative perception of farmers as
conservationists positively incentivizes consumers to pay more for food in turn for seeing
stronger conservation practices. Previous literature conducted by Lamm et al. (2016) supported
the notion that the public is in favor of agriculture increasing conservation efforts, despite
increasing food prices. Further, Lin (2001) described the main ways that social capital creates
change should be considered. Lin stated that upon developing social capital, agents of change
may begin experiencing influence. Agents of change, such as extension educators, can develop
social capital with consumers by exerting influence on consumers’ spending habits.

Farmers may be hesitant to switch to water efficient practices because of high start-up costs, but
they may be convinced to update practices with the right incentives (Seo et al., 2007). Likewise
consumers are unlikely to change their water consumption due to water pricing alone (Yang et
al., 2003) because of water’s complex elasticity model (Martinez-Espineira et al., 2006). Prior
literature agreed with the results from this study, implying the influence of social capital on
willingness to pay. Studies conducted by Jones et al. (2011) and Hoyman, McCall, Paarlberg, &
Brennan (2016) supported social capital as an avenue for developing economic shifts in
consumption of resources. This study supported the creation of social capital as an effective
method of encouraging water conservation.

The findings imply extension educators can foster consumers’ willingness to pay by developing
mutual trust between respondents and farmers (Mwangi, 1998). Non-formal education develops
social relations between parties, which can be used to solve problems (Kindervatter, 1979).
Extension educators’ ability to share information and build connections can serve as an
invaluable asset for increasing consumers’ willingness to pay for conservation practices. As
consumers are taught about agricultural water practices their perception of farmers being or not
being conservationists will change (Table 8). Regardless, if their views on farmers’ conservation
practices are positive, consumers’ willingness to pay will increase.

Recommendation

Water consumption will only grow and be exacerbated in the future due to the increasing
population (Rijsberman, 2006). Conflict both internationally and domestically are sure to arise
(Ohlsson, 2000), therefore agriculture, as the number one user of freshwater, must be proactive
in conservation efforts. However the cost of implementing water conservation practices is a



natural deterrent for farmers, therefore the need for incentives and support of farming efforts is
key to creating change. Extension clearly has a role to play in creating support for farmers
through collaborations with consumers and farmers (Duffy et al., 2005). Based on the results of
this study, it is evident that social capital is created through consumers’ trust in farmers and their
perceptions of farmers as conservationists.

Extension educators should work with consumers and farmers to create mutual trust and
understanding (Mwangi, 1998). For example, extension educators creating a water-care program,
such as the Landcare program, would encourage water conservation through an increase in social
relations (Cramb, 2005). While a water-care program would be an effective avenue for sharing
information and for trainings, Cramb (2005) found these to be of less importance when
compared to the real catalyst of change, social capital. This study supports work conducted by
Cramb (2005) because the key findings indicated that regardless of positive or negative
perceptions on farmer’s conservation habits, consumers would be more willing to pay for water
conservation practices. Since water conservation is a universal issue, which will require curbed
habits from consumers and farmers alike, a water-care program would provide initiative to all
groups.

It would also be recommended that extension educators increase their influence on policy
development with water conservation through social capital investments (Jones et al., 2011).
Since extension educators are already building social capital within their respective communities
they should be used as assessors of the public that in turn advocate their findings to
policymakers. Having messages delivered to policymakers, consumers, and farmers from an
accredited source is an effective strategy for proper policy development (Lamm et al., 2016). The
collaboration between groups (extension educators and consumers) would add validity when
encouraging decision makers’ adoption of effective water policy (Lamm et al., 2016). These
social capital assessments should be comprehensive to help identify limiting factors that later can
be addressed in policy. Policy implementation in the future will be a significant influencer on
water consumption and it is imperative social capital has a role to play in its creation (Jones et
al., 2011).

Future studies should be conducted based upon these findings. Research should be conducted on
the best environments for developing social capital through the proposed water-care programs.
This study could include collecting information on offering education in formal versus non-
formal group settings and the purpose of the group (Hoyman et al., 2016). Understanding the
purpose of the group, whether created for social or economic interests, may change the
effectiveness of water conservation behavior change and acceptance of sustainable practices.
Therefore, extension educators should be aware of such information as they develop programs of
this type. Researchers should also evaluate the amount of social capital created through already
existing water protection policies and programs. This future study could apply the research
conducted by Lamm et al. (2016) in order to develop messages from accredited sources and
develop as much social capital as possible.
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Abstract

Scientists have repeatedly shown human activity is directly impacting the Earth’s climate.
Despite this, a segment of the U.S. population, including politicians with a large amount of
influence, are very vocal about their mistrust of science and lack of belief in global warming, an
aspect of climate change. Some states are impacted more by climate change than others — those
located on the coasts that experience hurricanes, storm surges, flooding and rapid changes in
precipitation patterns. These extreme weather events impact the safety of residents and have a
huge impact on agricultural production. Agricultural educators and communicators need to
assist in making scientific information about climate change more salient to the general public
but views on climate change and global warming are diverse. This research used the Six
Americas framework to understand the diverse segments of believers/nonbelievers in Florida, a
state being severely impacted by climate change. Findings revealed 87% believed in climate
change but are not actively engaged in its mitigation. Recommendations are offered on how to
communicate with different segments of the population and the role extension educators should
play in their communities to turn difficult to understand science into something residents can
understand and get behind.

Introduction

Most major science organizations and communities’ agree human activities are changing the
Earth’s climate (Pew Research Center, 2015). Agricultural and natural resource (ANR) scientists
have confirmed climate change and global warming is real and happening now and more
importantly, humans are mainly to blame (Liu, Vedlitz, Stoutenborough, & Robinson, 2015).
Global warming and climate change, both critical, inter-related issues facing the agricultural
sector, are an environmental, cultural, and political phenomenon that is contentious by nature
(Hulme, 2005;Hertel & Lobell, 2014). Global warming and climate change will have an impact
on the agriculture industry, and to what extent that impact will be depends on the ability of
farmers, agri-businesses, and agricultural educators to adapt to these changes (Hertel & Lobell,
2014). Understanding, how the agricultural industry can adapt to climate change is critical to
determine how these changes will affect the industry for decades to come.

Broadly speaking, these issues are considered a partisan issues in the United States (U.S.) with
two sides: those that believe in its existence and those that are cautious, if not fully denying the
scientific communities findings (Hart, Nisbet, & Myers, 2015). Given the scientific studies
documenting human impact on the Earth’s climate, it is difficult for those in the scientific field to



understand such a distinct and strong partisan divide (Paulson, 2016). In addition, the group who
does not believe in the human influence on climate change is increasing. In 2016, only 42% of
Republican’s in the U.S. believed climate change was human caused, compared to 53% in 2001
(Energy Policy Institue at the University of Chicago, 2016).

Global warming, a specific part of the climate change conversation, has a different semantic
context, but the two words are often used simultaneously due to the ambiguity in their definitions
(Lineman, Do, Kim, & Joo, 2015). Global warming is defined as “the unusually rapid increase
in Earth’s average surface temperature over the past century primarily due to the greenhouse
gases released by human activities” (NASA, 2017, pg. 1). Climate change is defined as a
“change in global or regional climate patterns” (Lineman et al., 2015, pg. 1). Although the two
phrases are different in their meaning, the public is often exposed to them under the same
context, without a thought to their actual meaning (Weingart, Engals, & Pansegrau, 2000). This
framing technique helped the conservative movement create an opposition to calls for global
warming intervention (McCright & Dunlap, 2000). While ANR educators, scientists and policy
makers have successfully brought environmental problems to the public’s attention, those who
oppose climate change have challenged the legitimacy of the problems by asserting that the
science of global warming appears to be uncertain and that the policies being created because of
this uncertain science have harmful effects (McCright & Dunlap, 2000).

Public understanding of climate change is largely driven by media coverage developed by those
who do and do not understand natural resources or the impact of climate change on agriculture
(Brulle, Carmichael, & Jenkins, 2012). For “most Americans, exposure to ‘climate change’ has
been almost entirely indirect, mediated by news coverage, Internet postings, informal
conversations, and documentaries and video footage of events in distant regions” (Weber &
Stern, 2011, p. 320). It has been hypothesized that Americans living in more climate change
stricken areas would be more concerned. However, studies have indicated extreme weather
events have minimal effect on public concerns about climate change (Brulle et al., 2012).

Florida is heavily impacted by extreme weather events and changes to the natural resource
landscape that impacts agricultural production. This includes sea level rise, intense hurricanes,
dangerous storm surges, and changes in precipitation patterns leading to flooding (Bloetscher,
Heimlich, & Meeroff, 2011). The rapid warming over the past decade is expected to cause more
intense rainfall events, including more severe thunderstorms, and tropical cyclones (IPCC,
2014). Since the state is surrounded by water on three sides, there are a variety of scenarios that
could have drastic effects. According to the Federal Emergency Management Agency (FEMA;
2016), since 1995 Florida has had to declare a state of emergency 68 times due to severe storms
(severe thunderstorms, tropical storms, and hurricanes) with 50% of those happening in the last
decade. Additionally, the number of hurricanes and their intensity level are expected to rise
because of global warming (Elsner, Kossin & Jagger, 2008; Knutson et al. 2010).

The current Governor of Florida, a Republican, views climate change as a variable. In 2015 he
questioned the cause and extent of climate change (Schollsberg, 2016). Additionally, an
influential Republican Senator from the state, has said “that while there is a consensus among
scientists about humans contributing to what’s happening, there’s no consensus on how much of



these changes are due to human activity...and that proposed climate change policies will do
absolutely nothing to improve the environment and will make America a harder place to create
jobs” (Zaru, 2016, pg. 1). Elected officials leading and representing the state are skeptical at best
of climate change and how it will affect Florida. When public officials are hesitant, it becomes
even more difficult for agricultural communicators to speak about climate science, especially
when the topic is so polarized (Hart & Feldman, 2016). Therefore, a study exploring how to
communicate about climate science in a state being severely impacted by global warming is an
important step in assisting agricultural communicators enhance “public and policy maker
understanding of agriculture and natural resources” (Roberts, Harder, & Brashears, 2016, p. 13)
and “addressing complex problems” (p. 57).

Conceptual Framework

A group at Yale University and George Mason University introduced the concept of the Six
Americas (Maibach et al., 2009; Roser-Renouf et al., 2014) which serves as the conceptual
framework for this study. The research that was used to guide the development of the concept
found the American public can be divided into six unique segments based on their beliefs,
attitudes, policy preferences, and behaviors associated with global warming: Alarmed,
Concerned, Cautious, Disengaged, Doubtful, and Dismissive. These groups are analyzed in
Table 1.

Table 1
Descriptions of the Six America Segments

Six Americas  Traits

Alarmed The most convinced, most involved, and most worried about global warming. These
individuals side with the scientific community both in regard to the idea of it being real
and human involvement. The Alarmed are most likely to view global warming as a

personal threat (Roser-Renouf et al., 2014).

Concerned The largest segment group, the Concerned are convinced global warming is happening
but are less concerned than the Alarmed. They agree with the scientific community and

believe human activities are the cause. They are less likely to feel threated by it

happening now compared to the Alarmed and are significantly less involved (Roser-

Renouf et al., 2014).
Cautious The Cautious group “believe that global warming is occurring, but this belief is

relatively weak, with the majority saying they could easily change their minds” (Roser-
Renouf et al., 2014, p. 45). The Cautious mostly view it as personally unimportant.
Global warming is not viewed as dangerous to the Cautious segment group, and they

do not expect it to harm future generations (Roser-Renouf et al., 2014).

Disengaged The Disengaged segment group do not respond when asked questions about global
warming because they do not know how they feel. They do not know if climate change
is happening, what the scientific community agrees on, or if it will harm them. They

also rarely think about global warming (Roser-Renouf et al., 2014).

Doubtful Members of the Doubtful segment group do not see the relevance of global warming.
While many are doubtful global warming is real, the members of the Doubtful group

that do believe global warming is real feel it is caused by natural changes in the
environment (Roser-Renouf et al., 2014).



Dismissive Members of the Dismissive segment group are very certain global warming is not real.
This group is very involved in the conversation around global warming and considers
themselves well informed. They believe scientific findings disagree, that if global
warming is happening it is not caused by human activities, and believe that no one is in
danger of being harmed. This is the only group that believes global warming is not
occurring (Roser-Renouf et al., 2014).

Of the different segments, the Cautious and Disengaged segment group members are the most
easily persuaded to become Concerned (Roser-Renouf et al., 2014). Additionally, the Doubtful
segment group has been found to be the one most easily persuaded by communication efforts
coming from the Dismissive segment group that are vocal about their views (Roser-Renouf et al.,
2014). The Dismissive and the Alarmed cannot be swayed (Roser-Renouf et al., 2014).

The Six Americas concept introduces a vast range of beliefs regarding climate change, which is
represented by only two bipartisan categories in the policy realm (Hart et al., 2015). The
discrepancy between the public, elected officials, and scientific evidence has generated concern
given the public makes decisions everyday regarding their use of natural resources (Guy,
Kashima, Walker, & O’Neill, 2014). If agricultural educators are going work with the
community to understand the effects of climate change, communicate about climate change and
inform the public on how their personal behaviors can be altered to mitigate its effects, it is
critical to recognize the spectrum of public views on the topic (Roser-Renouf et al., 2014).

Purposes and Objectives

The purpose of this study was to identify how Florida residents fall into the Six Americas
segments to provide direction for how agricultural educators and communicators can most
effectively reach those most willing to change their views. The study was guided by the
following objectives (a) Identify how many Florida residents belong to each of the Six Americas
segment groups, (b) Describe what members of each Six Americas segment group think about
global warming, (c) Describe the demographics of the members within each segment group, and
(d) Determine where members of each segment group get their information.

Methods

The research presented here was part of a larger research project that used an online survey to
capture the public opinions of Florida residents about climate change. Therefore, the target
population for this study was Florida residents age 18 or older. Two sections of the survey were
germane to this study. Those sections were adapted from existing tools from the Global
Warming’s Six Americas scale (Maibach et al., 2011; Roser-Renouf et al., 2014). An expert
panel specializing in public opinion research, climate science, and survey design reviewed the
survey prior to distribution to ensure content validity and approval was obtained from the
Internal Review Board at University of Florida.



A pilot test was conducted with 50 respondents representing the target population to ensure the
validity of the scales. Using a non-probability opt-in sampling technique, the finalized survey
was distributed. Respondent quotas were established a priori to ensure the sample would be
representative and attention filters were integrated. Respondents had to fill the required quotas
and pass the attention filters for their responses to considered complete. The data collection
methods resulted in 500 complete surveys. Selection, exclusion, and non-participation biases are
threats when using a non-probability sampling method, therefore a post-stratification weighting
method was applied (Baker et al., 2013; Kalton & Flores-Cervantes, 2003). Data were weighted
using the 2010 US Census data ensuring geographic location in the state, age, and gender
matched the state demographics.

A series of 15 questions were used to determine which of the Six America’s categories
respondents belonged (Maibach et al., 2011). The questions can be broken into four categories:
beliefs, issue involvement, behavior, and preferred societal response. The belief category was
comprised of six questions. The first question was “do you think global warming is happening”?
Nine response options were offered. The second question was “assuming global warming is
happening, do you think it is” (a) Caused mostly by human activities, (b) Caused mostly by
natural changes in the environment, (c) Other, and (d) None of the above because climate change
isn’t happening. Responses to this question were recoded into three dummy variables with
“other” being omitted. The next two questions “how much do you think global warming will
harm you personally?” and “how much do you think global warming will harm future
generations of people?” had the following response options: (a) Not at all, (b) Only a little, (c) A
moderate amount, (d) A great deal, and (e) Don’t know. These two questions were first recoded
to exclude “don’t know” responses and then recoded again as dummy variables with “only a
little” as the omitted response category. Next, respondents were asked “when do you think
global warming will start to harm people in the United States?” Six response options were
offered. The final question was “which of the following statements comes closest to your view?”
with five response options offered.

Issue Involvement included five questions. The questions were (a) How worried are you about
global warming? (b) How much had you thought about global warming before today? (c) How
important is the issue of global warming to you personally? (d) How much do you agree or
disagree with the following statement “I could easily change my mind about global warming?”,
and (e) How many of your friends share your views about global warming?

The Behavior category had only one question: Over the past 12 months, how often have you
punished companies that are opposing steps to reduce global warming by NOT buying their
products? Response options included Never, Once, A few times (2-3), Several times (4-5), Many
times (6+), and Don’t know. Responses were first recoded to omit the “don’t know” category
with the mean substituted for the missing data. Responses were then recoded into dummy
variables for discriminant analysis with “once” as the omitted response option.

Finally, the last category Preferred Societal Response was comprised of three questions. The first
question was “do you think global warming should be a low, medium, high or very high priority,
for the next president and congress?” The next question was “do you think citizens themselves
should be doing more or less to address global warming?” The last question was “the United



States should reduce its greenhouse gas emissions with the following response options: (a)
Regardless of what other countries do, (b) Only if other industrialized countries (such as
England, Germany, and Japan) reduce their emissions, (c) Only if other industrialized countries
and developing countries (such as China), reduce their emissions, (d) The U.S. should not reduce
its emissions, and (e) Don’t know”. This question was first recoded to omit the “don’t know”
category with the mean substituted for the missing data. It was then recoded into dummy
variables for analysis; “only if other countries reduce” was the omitted response option.

In some cases, respondents answering with a “don’t know” or “not applicable” were excluded
from analysis however some variables were dummy-coded for discriminate analysis with these
responses included (Roser-Renouf et al., 2014). Using the manual provided by Roser-Renouf et
al. (2014) the 15-item instrument identified the Six Americas in six independent segments. These
tools used linear discriminant functions (Hair, Anderson, Tatham & Black, 1992; Tabachnik &
Fiddell, 1989). Respondents were also presented with a list of possible sources for climate
change information and asked to identify the ones that he or she used. They were also asked a
series of demographic questions. Descriptive statistics were used to reach the study objectives.

Results
Breakdown of Six Americas

The segments were broken down as follows: Alarmed (23.4%), Concerned (46.0%), Cautious
(17.2%), Disengaged (3.4%), Doubtful (6.0%), and Dismissive (4.0%). A majority of the
respondents agreed global warming was happening with 87% falling into the Alarmed,
Concerned, or Cautious segments. Only 10% of the respondents (n = 500) did not believe that it
is happening; those that belonged to the Doubtful and Dismissive segments.

Demographics of the Six Americas Segment Groups

Examining demographic differences within the segment groups, sex was evenly split in every
category except for Disengaged and Doubtful (See Table 2). A much higher percentage of
females (64.7%) were identified as disengaged whereas a much higher percentage of males
(63.3%) belonged to the Doubtful segment. A much higher percentage of Doubtful and
Dismissive respondents were aged 60+, 60% and 80%, respectively. No one in the 20-49 age
range were Dismissive. The segments were split when it came to political parties. Most
respondents identified as Democrat or Republican from Alarmed, Concerned, Cautious, and
Disengaged segments, whereas a majority of Doubtful and Dismissive persons were Republican.
Finally, a much higher percentage of Alarmed respondents had a post graduate or professional
degree compared to other segments.

Table 2
Demographic Breakdown by Six Americas Segment

Alarmed Concerned Cautious Disengaged Doubtful Dismissive
n=117 n=230 n =286 n=17 n=30 n=20
% % % % % %

Sex



Male
Female
Race
Caucasian/White
Black
Native American
Asian
Multiracial
Hispanic
Age
18-19
20-29
30-39
40-49
50-59
60-69
70-79
80 and older
Political
Affiliation
Republican
Democrat
Independent
No Preference
Other
Education
Some HS or less
HS graduate
Some college
Associates
Bachelor’s
Post degree
Prof. degree

50.4
49.6

68.4
8.5
3.4
0.0

19.6

25.6

0.0
13.7
37.6

8.5
10.3
23.1

6.0

0.9

16.2
56.4
21.3

5.1
0.9

2.6
12.8
145
111
30.8
17.9
10.3

46.1
53.9

63.0
15.7
0.4
0.0
17.0
23.5

0.4
20.4
35.7
11.7
13.0
10.9

7.4

0.4

22.2
49.6
21.7
5.7
0.9

0.9
23.0
22.6
10.0
27.4
12.2

3.9

52.3
47.7

69.8
16.3
1.2
2.3
10.5
16.3

0.0
16.3
20.9
16.3
15.1
16.3
12.8

2.3

40.7
32.6
22.1
3.5
1.2

3.5
20.9
23.3
16.3
20.9
14.0

1.2

35.3
64.7

52.9
235
11.8

0.0
11.8
17.6

0.0
29.4
11.8

5.9
294
17.6

5.9

0.0

235
35.3
294
5.9
5.9

11.8
17.6
41.2
5.9
235
0.0
0.0

63.3
36.7

86.7
6.7
3.3
0.0
3.3
3.3

3.3
6.7
10.0
6.7
13.3
36.7
20.0
3.3

46.7
16.7
30.0
6.7
0.0

0.0
30.0
26.7
10.0
16.7
16.7

0.0

50.0
50.0

85.0
5.0
0.0
0.0

10.0
5.0

4.0
0.0
0.0
0.0
15.0
50.0
30.0
0.0

70.0
5.0
25.0
0.0
0.0

0.0
15.0
35.0
10.0
30.0

5.0

5.0

Segment Group Thoughts on Global Warming

Beliefs. The degree of beliefs followed a linear pattern with Alarmed respondents on the
high end being very certain that global warming is happening and Dismissive respondents very

certain it is not happening, representing the low end (See Table 3). When it came to what is
causing global warming the majority of Alarmed and Concerned believed it was caused by

human activities. The Doubtful and the Dismissive believe it is caused by natural changes in the

environment.

Table 3

Beliefs by Six Americas Segment

Alarmed Concerned Cautious Disengaged Doubtful Dismissive




n=117 n =230 n =386 n=17 n=230 n=20

% % % % % %
Do you think global warming (GW) is happening? And how sure are you that GW is happening?
Extremely sure; is happening 71.8 30.9 11.6 5.9 3.3 5.0
Very sure; is happening 18.8 39.6 24.4 59 13.3 0
Somewhat sure; is happening 7.7 21.3 26.7 23.5 16.7 5.0
Not sure; is happening 0.9 7.4 25.6 17.6 16.7 10.0
| don’t know 0 0.4 7.0 35.3 16.7 5.0
Not sure; is NOT happening 0 0.4 2.3 0 13.3 10.0
Somevv_hat sure; is not 0.9 0 0 0 133 15.0
happening
Very sure; is not happening 0 0 0 59 6.7 25.0
Extrem_ely sure; is not 0 0 23 59 0 250
happening
Assuming global warming is happening do you think it is caused by
Caused mostly by human 94.0 796 477 47.1 10.0 0
activities
Caused mostly by natural 34 129 44.2 471 90.0 20.0
changes
Other 2.6 7.4 8.1 5.9 0 15.0
_Nope of the gbove because it 0 0.9 0 0 0 15.0
isn’t happening
How much do you think global warming will harm you personally?
Not at all 1.7 3.9 174 11.8 70.0 100
Only a little 12.0 22.2 36.0 11.8 10.0 0
A moderate amount 21.4 46.1 31.4 5.9 3.3 0
A great deal 63.2 23.9 14.0 0 6.7 0
Don’t Know 1.7 3.9 1.2 70.6 10.0 0
How much do you think global warming will harm future generations?
Not at all 0 0.4 2.3 0 13.3 100
Only a little 0 2.2 19.8 0 36.7 0
A moderate amount 5.1 23.9 64.0 59 16.7 0
A great deal 94 72.6 11.6 0 10.0 0
Don’t Know 0.9 0.9 2.3 94.1 23.3 0
When do you think global warming will start to harm people in the US
Never 0 0.9 35 11.8 33.3 95.0
100 years 1.7 4.8 16.3 11.8 26.7 5
50 years 34 7.8 15.1 11.8 16.7 0
25 years 111 24.3 20.9 11.8 3.3 0
10 years 11.1 18.3 22.1 11.8 10 0
They are being harmed now 72.6 43.9 22.1 41.2 10 0
Which of the following statements comes closest to your view?
Global warming isn’t 0.9 5.7 5.8 59 167 60.0
happening
Humans can’t reduce it, even if 77 91 279 29 4 733 300

it is happening



Humans could reduce global
warming, but people aren’t
willing to change their
behavior

Humans can reduce global
warming, but it’s unclear
whether we will do what’s
needed

Humans can reduce global
warming, and we are going to 23.1 10.9 2.3 11.8 0
do so successfully

17.9 29.6 29.1 5.9 10.0

49.6 443 34.9 47.1 0

5.0

5.0

Note. Frequencies by column may not add up to 100% due to missing values and rounding.

The Dismissive believed global warming was not harming themselves or others. Most Alarmed
and Concerned reported global warming was harming them and others a “great deal’ to a
‘moderate amount.” Additionally, the majority of these two groups reported being harmed now.
Overall, the Alarmed, Concerned, Cautious, and Disengaged believed that ‘humans can reduce
global warming, but it’s unclear at this point whether we will do what’s needed.” However,
73.3% of Doubtful reported that Humans can not reduce global warming even if it is real and
60% of Dismissive viewed Global Warming as not happening.

Issue Involvement. The Alarmed were very worried about global warming (80.3%),
whereas 95% of Dismissive and 60% of Doubtful respondents were not at all worried. Sixty-
three percent of Concerned respondents were somewhat worried, along with 45% of the
Cautious. The Disengaged segment were not very worried or not at all worried (See Table 4).

Table 4
Issue Involvement by Six Americas Segment

Alarmed Concerned  Cautious Disengaged Doubtful  Dismissive

n=117 n=230 n =286 n=17 n=30 n=20
% % % % % %

How worried are you about global warming?

Very worried 80.3 27.8 5.8 0 0 0
Somewhat worried 19.7 63.9 45.3 17.6 6.7 0
Not very worried 0 7.4 41.9 41.2 33.3 5.0
Not at all worried 0 9 7.0 41.2 60.3 95.0
How much had you thought about global warming before today?

A lot 76.1 18.3 10.5 26.7 30.0
Some 22.2 58.7 47.7 17.6 33.3 35.0
A little 1.7 20.0 32.6 53.9 33.3 5.0
Not at all 0 3.0 9.3 29.4 6.7 30.0
How important is the issue of global warming to you personally?

Extremely Important 70.9 18.7 7.0 11.8 3.3 0
Very important 27.4 49.6 31.4 17.6 3.3 0
Somewhat important 1.7 29.1 34.9 5.9 13.3 5.0
Slightly important 0 2.6 24.4 41.2 40.0 10.0



Not at all important 0 0 2.3 23.5 40.0 85.0
How much do you agree or disagree with the statement? “I could easily change my mind about
climate change?”
Strongly agree 12.0 19.1 11.6 17.6 3.3 5.0
Somewhat agree 8.5 29.1 62.8 41.2 33.3 20.0
Somewhat disagree 18.8 35.2 24.4 41.2 33.3 25.0
Strongly disagree 60.7 16.1 1.2 0 30.0 50.0
How many of your friends share your views on global warming?
All 17.1 2.6 0 0 0 20.0
Most 43.6 19.1 9.3 59 23.3 45.0
Some 23.1 44.8 46.5 58.8 60.0 30.0
A few 16.2 27.4 314 59 10.0 0
None 0 6.1 12.8 29.4 6.7 5.0

Note. Frequencies by column may not add up to 100% due to missing values and rounding.

Behaviors. The segments that are prone to believe global warming does not exists never

punished companies for not taking steps to reduce global warming. Additionally, Concerned and

Cautious respondents did not typically boycott companies although, 25.2% of concerned and

19.8% of Cautious reported they had a few times. Finally, the Alarmed were more likely to

boycott with 25.6% reporting they had a few times, 18.8% several times, and 19.7% boycotting

many times (See Table 5).

Table 5

Purchasing Behaviors by Six Americas Segment

Alarmed Concerned Cautious Disengaged Doubtful Dismissive

n=117

%

n=230

%

n =86

n=17
% %

n=30

%

n=20

%

Over the past 12 months, how often have you punished companies that are opposing steps to
reduce global warming by NOT buying their products

Never 15.4
Once 2.6
A few times 25.6
Several times 18.8
Many times 19.7
Don’t Know 17.9

41.3
8.7
25.2
7.8
3.5
135

44.2 52.9
12.8 0.0
19.8 0.0
8.1 0.0
0.0 0.0
15.1 47.1

90.0
0.0
3.3
0.0
0.0
6.7

95.0
0.0
0.0
0.0
0.0
5.0

Note. Frequencies by column may not add up to 100% due to missing values and rounding.

Preferred Societal Response. The Alarmed felt global warming should be a very high
priority for our next president and congress and felt citizens should be doing more. Both the
Alarmed and Concerned felt the U.S. should reduce our greenhouse emissions regardless of what
other countries do. On the opposite spectrum, 66.7% of Doubtful and 100% of Dismissive said
global warming should be a low priority for congress and 73.3% of Doubtful felt people were
doing the right amount to combat climate change. Fifty percent of dismissive felt that the U.S.
should not do anything to reduce its emissions (See Table 6).

Table 6



Preferred Societal Responses toward Global Warming by Six Americas Segment

Alarmed Concerned Cautious Disengaged Doubtful Dismissive
n=117 n=230 n =86 n=17 n =230 n=20
% % % % % %

[Should] global warming be a high, low, medium, high, or very high priority for our next president
and Congress?

Very High 73.5 17.8 0 5.9 0 0
High 25.6 46.1 30.2 23.5 10.0 0
Medium 0 32.2 58.1 64.7 23.3 0
Low 9 3.9 11.6 5.9 66.7 100.0
Do you think citizens themselves should be doing more or less to address global warming?

Much More 71.8 19.6 3.5 52.9 0 0
More 26.5 57.4 43 35.3 3.3 5.0
poing the right amount 0 87 384 0 733 45.0
Less 0.9 6.5 10.5 59 16.7 25.0
Much less 0.9 7.8 4.7 5.9 6.7 25.0
The US should reduce its greenhouse gas emissions...

Regardless of others 86.3 67.8 43 52.9 30.0 15.0
If o_ther industrialized 17 113 99 1 59 0 50
nations do

If other industrialized

countries and developing 4.3 8.3 17.4 5.9 23.3 30.0
countries do

The US should not reduce 51 35 47 0 20.0 500

its emissions
Note. Frequencies by column may not add up to 100% due to missing values and rounding.

Sources Used to get Information about Climate Change

Respondents were asked where they get information about climate change (See Table 7). Every
segment identified as local weather forecasts as a likely source, followed closely by television
programs. Radio programs, museums, and schools were listed as least likely sources. The
Dismissive segment did not use schools, colleges, and universities as a source. Overall,
respondents in the dismissive segment used relatively few sources (an average of 2.8) as
compared to those in the alarmed segment (who used an average of 7.0 sources).

Table 7
Sources Six Americas Segments use to get Information on Climate Change
Alarmed Concerned Cautious Disengaged Doubtful Dismissive
n=117 n=230 n =86 n=17 n=30 n=20
% % % % % %
Local weather 69.8 71.1 74.1 70.6 63.3 47.4
forecasts
Television programs 80.3 76.2 64.0 41.2 44.8 65.0




Environmental 74.1 55.9 28.2 23.5 24.1 5.3
Organizations

Family and Friends 67.2 63.3 50.0 43.8 46.7 36.8
Newspapers 73.0 62.9 52.9 29.4 30.0 31.6
Social Media 64.7 62.0 40.0 52.9 33.3 15.8
Nongovernment 51.3 42.1 38.1 18.8 26.7 21.1
Websites
Magazines 50.0 44.8 27.4 6.3 20.0 10.5
Government 53.8 49.3 32.9 11.8 27.6 5.3
Agencies (ex.
NASA)
Radio programs 38.6 33.3 34.1 25.0 10.3 36.8
Museums, zoos, or 32.7 26.6 12.9 17.6 3.3 5.3
aquariums
Schools, Colleges, 40.5 37.6 24.7 6.3 6.9 0.0

and Universities

Note. Percentages by column add up to over 100% due to multiple sources being selected.
Conclusions, Implications and Recommendations

This study sought to identify how the Six Americas segments were represented within the state
of Florida and how to best communicate with each segment. Overall, the results from this study
were comparable to earlier studies (Maibach et al., 2009; Roser-Renouf et al., 2014). It is
important to acknowledge the limitations of the research prior to making implications and
recommendations. In this case, the data were not weightable based on the way the race and
ethnicity variable was collected. Typically, weighting techniques are used to alleviate concerns
about racial differences (Baker et al., 2013) but in this case, it is unclear how representative the
sample was of the population from a race/ethnicity perspective. This limitation being
acknowledged, there are significant implications found through this data that can inform
agricultural educators and communicators. Overall, 86% of the respondents acknowledged global
warming was real and happening. Given this, it is interesting that several leaders of the state,
those that should represent the will of the people, are vocal about being indifferent about climate
change and hesitant to acknowledge its existence. Policy concerns should be understood by both
the public and decision makers (Roberts et al., 2016) and previous research has recommended
that agricultural educators and communicators should use interventions to improve both groups
understanding of ANR issues (Taylor & Lamm, 2016).

As Roser-Renouf et al. (2014) described, Dismissive and Doubtful segments were the most
likely to deny global warming existed, or that government should make the issue a priority.
These two groups are the least likely to take action to mitigate the effects of climate change.
Fortunately, they also made up the smallest number of respondents (10%). While it may seem
like a lost cause, it is important agricultural educators and communicators continue to reach out
to climate change deniers to engage them in conversations in order to change the narrative since
they are the loudest voice working against climate change believers. It may be difficult for
formal agricultural educators to reach out to these segments, as schools and universities were the
lowest reported group they used as a source of information. This implies extension educators



have work to do within their communities as non-formal educators if they want to be a resource
for informing the community about climate science.

Across the board, local weather forecasts and television programs were identified as the greatest
source of information on climate change. It is worth noting that Doubtful and Dismissive
respondents reported low levels on most sources and this low level is hypothesized to be a result
of the lack of interest in climate change from these two groups. A possible solution to reach all
groups and to inform them of climate science would be to partner with local weather forecasters.
Bloodhart, Maibach, Myers, and Zhao (2015) found routine exposure to local TV weather
forecasts influenced viewers understanding and perception of extreme weather forecasts.
Additionally, routine exposure was found to result in stronger beliefs and concerns about climate
change, indicating TV weather forecasters play an important role in educating the public.

Additional research should be done examining how climate change communication campaigns
resonate with different Six Americas segments to further target agricultural education and
communication initiatives. Specifically, those groups within the agricultural and natural resource
groups. Focus groups could be conducted targeting different segments where communication
efforts are presented and feedback received. The discussion could assist in informing the most
effective communication techniques qualitatively.

This study should also be repeated in other states where climate change is not having as much of
a direct effect. Perhaps residents of states that are less directly affected separate themselves
differently across the segments. The results could then be compared to those collected in this
study to determine differences and how direct effect of weather on the state you live within
impacts perceptions of climate change.

Finally, it is also recommended a content analysis be conducted examining the media
surrounding climate change, global warming and climate science in the state of Florida. Based on
the literature, it is expected media has a large influence, however it is difficult to ascertain how
often it is mentioned, and whether or not it is positive or negative media attention that elicits in
responses without knowing what is be presented. The media could also be used in a focus group
format to elucidate reactions and determine its effect on public perceptions of climate change.
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U.S. Adults with Agriculture Experience Are Likely More Familiar with Genetic
Engineering than Those Without

Kathryn A. Stofer, University of Florida
Tracee M. Schiebel, University of Florida

Abstract

Researchers and pollsters still debate the acceptance of genetic engineering technology among
U.S. adults, and continue to assess their knowledge as part of this research. While decision-
making may not rely entirely on knowledge, querying opinions and perceptions relies on public
understanding of genetic engineering terms. Experience with agriculture may increase
familiarity with genetic engineering terms. We conducted a national survey of 429 United States
adults through Qualtrics and found two-thirds lack any formal, nonformal, or informal
agriculture experience. More than half of participants knew ““a little”” or less for 13 of the 17
terms presented, especially those directly related to genetic engineering or breeding technology
for food, such as ““genetically modified organism’ and ““crossbred organism.” Consumers with
experience in agriculture were more familiar with the terms than those without experience. More
than half also felt they did not know the difference between traditional selective breeding, DNA-
directed breeding, and genetic engineering, but they still felt both human health and
environmental risks should be considered before creating new animal or plant varieties. We must
consider the lack of familiarity of genetic related terms and experience in agriculture when
researching or creating educational programming around genetic engineering for food.

Introduction

Consumers are more aware of and interested in the agricultural industry as agriculturalists
meet new demands of feeding a growing population (Anderson, Ruth, & Rumble, 2014). At the
same time, only 2% of Americans live on farms and directly experience agriculture, a rate much
lower than in the mid-20™" century (Environmental Protection Agency, 2013). By another
measure, if involvement in high school agriculture is the standard for agricultural experience
(Duncan, Carter, Fuhrman, & Rucker, 2015; Dyer, Breja, & Wittler, 2002; Esters, 2007), then
only 6% of younger adults in the U.S. are likely to have any direct agricultural experience.
Estimates suggest at most one million high school students are involved in FFA (National FFA
Organization, 2013) out of over 15 million public high school students in the U.S. (National
Center for Education Statistics, n.d.).

Agriculturalists and scientists work together to determine agricultural needs and potential
scientific solutions, pairing the scientific and agricultural communities and industries. Overall,
science as a field enjoys broad support from adults in the United States (Pew Research Center,
2015), while support for agriculture may be much lower (Lundy, Ruth, Telg, & Irani, 2006;
Pilger, 2015; Wachenheim & Rathge, 2000). Americans may also see agriculture and science
differently than scientists do, as more separate than intrinsically linked (Stofer & Newberry I,
2017). Particularly for agribiotechnology, Americans may not trust the underlying science as
much as they do in other domains (Blaine, Kamaldeen, & Powell, 2002; McHughen, 2007; Moon
& Balasubramanian, 2004).



One such agribiotechnology which scientists support (Chassy, 2007) but the public may
not is genetic modification and genetic engineering (GE). Such technology allows for the
manipulation of genes to produce a desired trait, creating improvements in growth rate, disease
and insect resistance, and nutritional value. Although genetic engineering has been around for
several decades, national polls and evaluation studies of United States adults indicate many may
still be unsure of the risks and benefits of genetic engineering specifically for food production
and may not accept the use of this agricultural technology (Evans & Ballen, 2016; Hallman,
Cuite, & Morin, 2013; Traill et al., 2006). Indeed U.S. adults may be far apart from scientific
consensus on the issue of safety for human consumption (Pew Research Center, 2015). However,
these national studies also treat GE technology as a single issue, rather than a set of related cases
for individual crops and the improvements targeted. For example, perceptions of risks and
benefits of GE to save a rapidly declining citrus crop in the exigent case may be different from a
discussion of fortifying rice with beta-carotene for better nutrition in under-resourced areas.

However, other reports suggest that genetically engineered foods are not controversial in
the United States, both because the aforementioned surveys are invalid and because consumers
buy GE foods despite their poll answers (Kahan, 2015). None of these non-peer-reviewed data
sources actually considers whether consumers know what GE involves for food, nor specifically
examine human health versus environmental risk perception (Stofer & Schiebel, 2017). As
people may prefer phenomena with which they are familiar (Zajonc, 2001), lack of exposure to
these terms may be another reason people indicate low acceptance of a technology when asked.
If research participants lack familiarity with specialized terminology used to determine opinions,
researchers will not be able to determine consumers’ true feelings toward the technology (Sturgis
& Allum, 2004; Sturgis, Brunton-Smith, & Fife-Schaw, 2010; Wynne, 2006).

We have few recent, national peer-reviewed studies suggesting consumers actually know
what genetic engineering technology for food involves, the differences in human health and
environmental risks, let alone whether they support its use in general or specific cases (Stofer &
Schiebel, 2017). Indeed, a single national evaluation report (Hallman et al., 2013) and one peer-
reviewed study (Abrams, McBride, Hooker, Cappella, & Koehly, 2015) suggest U.S. adults may
not be completely aware of or clear on the meaning of genetic engineering technology, and thus
they are unable to validly respond to research soliciting opinions on whether to support the use of
the technology. Related research on consumer opinions of another emerging technology,
nanotechnology, suggests that once consumers do become more informed, they may become
polarized on the issues of risk based on cultural associations, rather than knowledge (Kahan,
Braman, Slovic, Gastil, & Cohen, 2009).

Genetic engineering brings a new list of associated vocabulary and jargon that
researchers have used without definitions in surveys and focus groups when studying GE
technology and food (Stofer & Schiebel, 2017). Determining the public’s awareness of terms
frequently used with the technology and determining their experience in agriculture can help GE
researchers and marketers understand consumers’ concerns about the technology especially as it
relates to food production. Understanding the public’s broader literacy about genetics also
interests the American Association for Agricultural Education (AAAE). Priority 1 of the
National Research Agenda focuses on public and policy maker understanding of agriculture and



natural resources (Enns, Martin, & Spielmaker, 2016). Combining understanding of the public’s
term familiarity, true perceptions of genetic engineering, and experience in agriculture can guide
researchers and practitioners in designing information and outreach programming aimed at
building understanding and acceptance of GE technology in food.

The purpose of this study was first to determine the United States adult population’s level
of term familiarity about genetics specifically related to plants and livestock, genetically
modified organisms, genetic engineering, and the context of food. Next, we sought to determine
the U.S. adult population’s self-perceptions of genetic engineering through a series of questions
on risk, regulation and the differences between production techniques. Finally, we determined
participants’ experience in agriculture and considered whether term familiarity, perceptions of
GE technology, and experience in agriculture are related.

Conceptual Framework

Understanding familiarity is an essential step to determining overall literacy about and
acceptance of a particular subject for an individual or group. E.M. Rogers’ (2003) Diffusion of
Innovation model offers a process for adopting new information with a hierarchy of knowledge
encompassing a three-step process to understanding information. The three steps to increasingly
complex knowledge are awareness knowledge, how-to knowledge, and principles knowledge.
Abrams et al. (2015) recommended that researchers using Roger’s hierarchy of knowledge
measure these types of knowledge independent of each other, analyzing each component on its
own. In this study, we chose to assess awareness knowledge through term familiarity. Term
familiarity shows understanding of a particular concept. Researching awareness through
familiarity is a critical first step before researching opinion and perception. If a participant is
unfamiliar with a term, they will be unable to give their informed opinion of that concept.

Term familiarity also indicates an individual’s exposure to a particular item. Researchers
studying a variety of contexts, stimuli, and audiences have found people prefer the familiar
(Zajonc, 2001). Exposure to a specific phenomenon and frequency of exposure creates a comfort
level and stronger preference as well as a higher familiarity rating. Term familiarity in the area of
genetics and GE technology may relate to an individual’s experience with the particular term or
subject, and may influence preference for a new technology such as lab-based genetic
engineering. Understanding terminology and establishing awareness is a critical first step before
researchers can accurately determine consumer preferences without having to define terms in
each research instrument. Therefore, we undertook this study in the context of assessing
awareness knowledge and term familiarity.

Purpose and Objectives

The purpose of this study was to understand U.S. adults’ familiarity with terms related to
genetic engineering for food and traditional and DNA-directed selective breeding technologies
and the influence of experience in agriculture on term familiarity and perceptions of these
technologies in order to inform future surveys and research on consumer preferences.
Specifically, our objectives were to:



1. Determine the United States adult population’s level of term familiarity in the realm of
genetics, specifically related to genetically modified organisms and genetic engineering
in the context of food.

2. Determine the United States adult population’s perceptions of GE technology for food.,

specifically including perceptions of health and environmental risk.

Assess adult public experience with agriculture.

4. Compare relationships among term familiarity, perceptions of GE technology for food
and experience in agriculture.

w

Methods

We surveyed a national sample of United States adults through Qualtrics, a survey
software company, in August 2016. Qualtrics gathered responses through an opt-in panel,
meaning not everyone in the population having an equal chance of selection. A large sample
size, however, is intended to compensate for non-probability research (Ary, Jacobs, Sorensen, &
Walker, 2014). We used a gender and age quota to ensure demographic breakdown reflected the
latest Census population distribution (U.S. Census Bureau, 2014). See Table 1. Matching the

Table 1
Age, gender and experience in agriculture of respondents

Gender Experience in agriculture

Prefer not No Experience
Male Female Other  to answern Experience n (%)
Age n (%) n (%) n (%) (%) n (%)

18-24 years 18 (4%) 28 (7%) 5 (1%) 0 (0%) 35 (8%) 16 (4%)
25-44 years 66 (15%) 76 (18%) 4 (1%) 1 (0%) 86 (20%) 61 (14%)
45-64 years  75(17%) 77 (18%) 3 (1%) 0 (0%) 107 (25%) 48 (11%)
65 years + 39 (9%) 36 (8%) 0 (0%) 1 (0%) 54 (13%) 22 (5%)
Total 198 (46%) 217 (51%) 12 (3%) 2 (0%) 282 (66%) 147 (34%)

U.S. census allowed us to be confident that the sample is representative of the population by
gender and age. Therefore, we did not conduct explicit non-response bias testing. Qualtrics
offered the participants compensation for completing the 30-minute survey of which these
questions were part. The University of Florida IRB approved this study.

We determined term familiarity relating to genetic literacy using a self-report on a seven-
point Likert-type scale, with labels ranging from 1- I’ve never heard of this, to 4 — I know a little
about this, to 7 — I am an expert in this and can teach others. See full set of labels in Table 2.
Defining each number on the scale allowed participants to appropriately rank their familiarity
and understand the meaning of each scale point. Participants responded to 17 terms, the first
eight of them matching the terms asked previously in the one national peer-reviewed study we
found (Abrams et al., 2015): genetic, chromosome, susceptibility, mutation, variation,
abnormality, heredity and sporadic. The Abrams et al. scale did not include genetic engineering
or plant- or livestock-breeding terms.



Table 2

Level of familiarity with terms related to genetic engineering

2 — I’ve heard 3 -1 know 7-laman
1-1ve of this, but basically what 4-1lknowa 5-1knowa expert in this
Term never heard  don’t really thisis butnot little about ~ fairamount 6-1knowa and can teach
of this know what itis  much about it this about this lot about this others
n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Genetic 4 (.9%) 21 (4.9%) 78 (18.2%) 93 (21.7%) 141 (32.9%) 79 (18.4%) 13 (3%)
Chromosome 12 (2.8%) 25 (5.8%) 75 (17.5%) 104 (24.2%) 141 (32.9%) 63 (14.7%) 9 (2.1%)
Susceptibility 37 (8.6%) 52 (12.1%) 73 (17.0%) 95 (22.1%) 104 (24.2%) 62 (14.5%) 6 (1.4%)
Mutation 5 (1.2%) 28 (6.5%) 65 (15.2%) 108 (25.2%) 138 (32.2%) 72 (16.8%) 13 (3.0%)
Variation 18 (4.2%) 28 (6.5%) 74 (17.2%) 107 (24.9%) 118 (27.5%) 69 (16.1%) 15 (3.5%)
Abnormality 8 (1.9%) 14 (3.3%) 63 (14.7%) 99 (23.1%) 136 (31.7%) 92 (21.4%) 17 (4.0%)
Heredity 9 (2.1%) 10 (2.3%) 50 (11.7%) 80 (18.6%) 151 (35.2%) 99 (23.1%) 30 (7.0%)
Sporadic 41 (9.6%) 39 (9.1%) 76 (17.7%) 96 (22.4%) 100 (23.3%) 67 (15.6%) 10 (2.3%)
Genetically 24 (5.6%) 51 (11.9%) 78 (18.2%) 95 (22.1%) 114 (26.6%) 59 (13.8%) 8 (1.9%)
engineered
organism?
Genetically 24 (5.6%) 44 (10.3%) 71(16.6%) 103 (24.0%) 114 (26.6%) 66 (15.4%) 7 (1.6%)
engineered food
Crossbred food 67 (15.6%) 51 (11.9%) 83 (19.3%) 99 (23.1%) 76 (17.7%) 47 (11.0%) 6 (1.4%)
Genetically modified 23 (5.4%) 42 (9.8%) 86 (20.0%) 108 (25.2%) 101 (23.5%) 61 (14.2%) 8 (1.9%)
organism
Genetically modified 20 (4.7%) 44 (10.3%) 79 (18.4%) 106 (24.7%) 115(26.8%) 54 (12.6%) 11 (2.6%)
food
Crossbred organism 59 (13.8%) 45 (10.5%) 81 (18.9%) 101 (23.5%) 89 (20.7%) 46 (10.7%) 8 (1.9%)
Hybrid organism 56 (13.1%) 57 (13.3%) 79 (18.4%) 96 (22.4%) 80 (18.6%) 49 (11.4%) 11 (2.6%)
Hybrid food 52 (12.1%) 68 (15.9%) 73 (17.0%) 99 (23.1%) 76 (17.7%) 52 (12.1%) 9 (2.1%)
Selective plant 54 (12.6%) 49 (11.4%) 78 (18.2%) 110 (25.6%) 47 (17.2%) 55 (12.8%) 9 (2.1%)

breeding

1 — Starting with genetically engineered organism, terms in the lower part of the table are the researcher-driven terms.



Therefore, the authors in consultation with an expert panel for construct validity, added nine
additional terms specifically related to genetic engineering, genetically modified organisms, and
selective breeding. Table 2 lists all the terms used for the study.

The next set of questions asked the participants if they knew the difference between
breeding and GE techniques, and their perceptions of the risks to health and environment for
genetic engineering. Participants responded to six statements using a five-point Likert-type scale
ranging from strongly disagree through strongly agree; see Table 3. Finally, to determine
experience in agriculture, we asked participants to self-report aspects of their previous or current
experience in agriculture. We listed several components of agriculture experience including
taking classes in agriculture, having plant or animal experience, and production agriculture
experience, to cover both formal and non-formal or free-choice learning experience (Stofer,
2015). See Table 4. Each of these sets of questions were in the first part of a larger survey
including science literacy items, worldview items, and free-response items about definitions of
GE terms. These later literacy, worldview, and definitions items were not used in this paper.

Analysis

We averaged term familiarity for individual items and averaged those item scores into a
total familiarity score for each participant ( “all familiarity terms”), as well as sub-scores for the
terms previously studied by Abrams et al. (2015) (“Abrams terms”), and the new terms chosen
for this study (“researcher-driven terms”). The Abrams terms scale had Cronbach’s alpha .86,
while the researcher-driven terms scale had Cronbach’s alpha .98, and the combined scale of 17
terms had a Cronbach’s alpha of .93, indicating acceptable reliability (Ary et al., 2014).

We grouped participants who indicated any type of experience with agriculture (Table 4)
and compared their term familiarity scores with those of participants who indicated no
experience with agriculture using independent two-sample t-tests. We also compared familiarity
with terms from Abrams et al. (2015) between participant groups, as well as familiarity with just
the nine terms we prepared for our survey specifically related to genetic engineering. Finally, we
conducted Pearson’s correlation analysis of familiarity scores averaged for the researcher-driven
terms with self-perception of difference between GE technology and breeding techniques.

We calculated Cohen’s d for effect size for the overall familiarity scale versus groups
with or without agriculture experience using an online effect-size calculator (Becker, 1999).
Cohen’s d was 0.49, with an effect size of 0.24. An effect size of 0.2 is a small effect (Cohen,
1992). We used GPower 3.1.9.2 software for Mac to compute power with this effect size. At
alpha .05, our sample size gave us a power of 0.65, suggesting a 35% chance of missing an
effect. Therefore we relaxed our alpha to .10, resulting in a power of 0.76 and only a 24% chance
of missing an existing small effect size.

Results
We collected a total of 429 responses for familiarity and experience and 423 total

responses for questions relating to GE technology perceptions, as we eliminated six participants
who did not complete the full set of GE technology perceptions questions. Our respondents’



Table 3

Participant self report of understanding and perceptions of risk (n = 423)

Neither
Strongly agree nor Strongly
Survey Statements disagree Disagree disagree  Agree  agree
n n n n n
(%) (%) (%) (%) (%)
I don't really know the difference among 1) traditional selective plant or animal 30 101 89 141 64
breeding, 2) selective breeding supplemented with DNA test information to
: i ) . o . (7.1) (23.8) (209) (33.2) (15.1)
inform breeding choices, and 3) genetic engineering or transgenic programs.
I believe that traditional selective plant or animal breeding should be kept separate
from the use of any modern technologies like DNA testing or genetic 21 58 127 163 57
engineering/transgenics. These technologies increase the risk of ecological harm (5.0) (13.7) (30.0) (38.5) (13.5)
and give big companies too much control of food supplies and rural economies.
I believe that the use of DNA tests to help make decisions in selective breeding
programs is very different from genetic engineering programs that directly 9 30 152 183 50
manipulate/alter DNA of plants or animals. DNA test information can make 2.1) (7.1) (35.9) 433)  (12.3)
breeding programs more effective without the risks involved with genetic ' ' ' ' '
engineering or transgenics.
I believe that all modern technologies like DNA testing within selective breeding
programs or genetic engineering/transgenic programs are not meaningfully 33 81 150 128 34
different from traditional selective plant breeding and are not more risky in any (7.8) (19.1) (35.5) (30.3) (8.0)
important way. We should use all tools at our disposal to try to improve the ' ' ' ' '
quantity and quality of plants and animals we use for food, fiber and fuel.
I believe that direct harm to human health is the main risk to consider when deciding
whether to allow the creation of new varieties of plants or animals for human 21 49 104 156 96
consumption. If these new varieties don’t cause diseases in people who eat them, (5.0) (11.6) (24.6) (36.9) (22.7)
then there is no cause for alarm.
I believe that the risk of harm to ecosystems, the health of other species, and the
relationships among species is important to consider when we think about creating 10 20 92 175 129
new varieties of plants or animals; these issues are important on their own and (2.4) 4.7) (21.7) (41.4) (30.5)

also because of possible indirect effects on human health.




Table 4

Previous or current experience in agriculture

Answer choice Participants

I have no experience in agriculture 282 (66%)

I have worked in food production and/or food processing 51 (12%)

I have taken classes in agriculture. 55 (13%)

I work/have worked in animal agriculture. 41 (10%)

I work/have worked in selective breeding. 14 (3.3%)

I have other agricultural experiences. 68 (16%)

| feel that I am an informed consumer of agriculture. 92 (21%)

I work/have worked in genetic engineering. 10 (2%)

I work/have worked in plant agriculture. 31 (7%)

highest level of educational attainment was somewhat higher than the nation as a whole. Almost
all of our participants reported earning at least a high school diploma or equivalent (99.3%),
compared to census reports of attainment at this level for 88% of U.S. adults over the age of 25
in 2015. However, rates of bachelor’s- (30%) and higher-degree attainment (13%) were similar
to census reports.

Our first goal was to determine the United States adult population’s level of term
familiarity in the realm of genetics, specifically related to genetically modified organisms and
genetic engineering. Out of 17 terms, heredity (7%), followed by abnormality (4%) and variation
(3.5%), had the most amount of responses | am an expert in this and can teach others (7), where
participants felt that they knew the most about those genetic-related terms. All other terms had
3% or fewer respondents indicating expert-level knowledge of the term. Only four out of the 17
terms had more than half of the population responding that they know a fair amount (5) and
above: genetic (54.3%), mutation (52%), abnormality (57.1%) and heredity (65.3%). None of the
terms the researchers added for this survey scored 5 or more with a majority of respondents.
Additionally, many of the terms in the survey were scored I’ve never heard of this (1) or I’ve
heard of this, but don’t really know what it is (2) by 15% or more of the respondents:
susceptibility (20.7%) and sporadic (18.7%) from the Abrams terms and all of the researcher-
driven terms except genetically modified organism (14.2%). Three researcher-driven terms were
highly unfamiliar (scoring 1 or 2) to almost 30% of respondents: crossbred food (27.5%), hybrid
organism (26.4%) and hybrid food (28%). See Table 2. Individual terms’ average familiarity
scores ranged from 3.54 out of 7 for crossbred food to 5.54 for heredity. The overall average
term familiarity score was 4.5, fitting right between (4) | know a little about this and (5) | know a
fair amount about this. See Table 5.

The second objective was to determine the United States adult population’s perceptions
of GE technology for food. When it came to knowing the difference among 1) traditional
selective plant or animal breeding, 2) selective breeding supplemented with DNA test
information to inform breeding choices, and 3) genetic engineering or transgenic programs, 48%
of participants agreed or strongly agreed that they did not know the difference. See Table 3. Less
than half (37.8%) of participants agreed or strongly agreed that they believe that modern



Table 5

Term familiarity average scores

Abrams Terms M SD Researcher-driven terms M SD
Genetic 5.35 1.86 Genetically engineered organism 4.01 1.47
Chromosome  5.28 2.00 Genetically engineered food 4.08 1.45
Susceptibility 4.79 2.31 Crossbred food 3.54 1.62
Mutation 544 194 Genetically modified organism  4.02 1.43
Variation 5.27 2.11 Genetically modified food 407 142
Abnormality ~ 5.52 1.84 Crossbred organism 3.67 1.60
Heredity 5,54 1.71 Hybrid organism 3.65 1.63
Sporadic 4.86 2.31 Hybrid food 3.63 1.62

Selective plant breeding 3.70 1.60

technologies are not meaningfully different and not more risky in any important way than
traditional selective breeding. More than half (59.6%) agreed or strongly agreed that human
health is the main risk to consider when deciding on new varieties for human consumption and
there is no cause for alarm if the varieties do not cause disease in people. However, nearly two-
thirds of participants (71.4%) agreed or strongly agreed that environmental impacts are important
to consider not only because they could impact human health but also because the environment is
important on its own.

Next we investigated participants’ experience with agriculture. Nearly two-thirds of
participants (65.6%) reported no experience in agriculture. However, the percentage of
participants reporting any experience with agriculture varied with age. The middle two age
groups (25-44 and 45-64) had higher levels (14% and 11%) of participants with experience in
agriculture than the youngest (18-24, 4%) and oldest (65+, 5%) participants. See Table 1. The
34% of participants with experience indicated varying types of experience in agriculture,
including work, classes, and other agricultural experience. Only 2.3% reported work in genetic
engineering specifically. See Table 4.

For Objective 4, we first investigated the relationship between term familiarity and
agricultural experience. Averages for the overall term familiarity scale and both sub-scales were
between 3.5 and 5.6 on the 1-7 scale for both experience groups. The group with agriculture
experience consistently had a higher mean of familiarity than the group with no agriculture
experience. The researcher-driven terms were less familiar than the Abrams terms for both
experience groups. See Table 6.

The difference in average scores (0.64) between participants with experience and with no
experience for all of the familiarity terms was significant (p < .01), and the difference between
groups for Abrams’ terms (0.46) was also significant (p <.01). Lastly, the researcher driven
terms had a mean difference of .80 between groups, but this difference was not significant, even
at an alpha of .1 suggested by our power calculations.

We also investigated the relationship between term familiarity for the researcher-driven,
GE-specific terms with self-report of understanding GE technology and breeding techniques.



Table 6

Familiarity scores vs agriculture experience

Familiarity Experience n Mean SD p-value
All Familiarity Terms No experience 281 4.28 1.50
All Familiarity Terms Experience 147 492 1.08 .00

Abrams Familiarity Terms No experience 281 5.10 1.50
Abrams Familiarity Terms Experience 147 556 1.26 .01
Researcher-Driven Terms  No experience 281 3.54 1.39
Researcher-Driven Terms  Experience 147 435 133 .20

Note. Participants could select any or all choices that applied.

Overall term familiarity with researcher-driven terms was 3.84 (SD = 1.42, 1 to 7 scale) and self-
report of GE technology understanding was 3.25 (SD = 1.18, 1 to 5 scale). Term familiarity and
understanding of GE technology had a significant inverse relationship, with a Pearson correlation
of -.49 (p <.05), just under the cutoff for a large effect size (Cohen, 1992).

Discussion, Conclusions, Implications and Recommendations

We first determined whether the U.S. public truly is familiar with GE technology terms in
the context of food, due to conflicting results from polls and evaluations and a lack of peer-
reviewed data. The current level of term familiarity with terms related to genetic engineering
among United States adults in this study is low. When participants were asked to rate their level
of familiarity of 17 terms, 13 terms had the majority of respondents knowing “little” or less (4 or
lower on a 1 to 7 scale), including all nine of the researcher-driven terms relating to genetic
engineering and plant breeding specifically. Overall, average scores of familiarity of all terms
was also 4.50, with no term averaging more than 5.54, or just between knowing a fair amount
and knowing a lot about the term. High percentages (15 -30%) of participant scores of 1 or 2 for
many terms indicated a high degree of unfamiliarity for these terms, especially those on the
researcher-driven subscale.

Next we assessed the perceptions of participants on their understanding of GE technology
and its associated risks to both human and environmental health. Half of the participants were
neutral or felt they did not know the difference between GE technology, laboratory-based
selective breeding, and traditional selective breeding of plants and animals. Both low levels on
term familiarity and understanding of GE versus breeding technologies are consistent with or
higher than earlier evaluation and research (Abrams et al., 2015; Hallman et al., 2013). However,
respondents agreed that human health risks were the most important to investigate when
considering items for human consumption. They also felt environmental health was important,
both for its indirect impacts on human health as well as direct risks to the environment. Since we
did not use unfamiliar terms, we are confident in the validity of these perceptions.

Our third aim in this study was to determine how many U.S. adults have experience with
agriculture including formal secondary school experience, work experience, and other informal
and nonformal experience. Self-reports of agriculture experience in our study indicated a higher



estimate of people with experience, 34% of our sample, than traditional census samples reporting
only those who currently work with agriculture (2%) or those who currently study agriculture in
formal secondary school programs (6%). We also found differences in experience by age, with
younger and older groups reporting smaller numbers of people with experience in agriculture
than groups of 25-44 and 45-64 year olds.

Finally, we explored the relationships among experience with agriculture, term
familiarity for GE technology in the context of food, and self-perception of GE technology
understanding. First we confirmed that people with low term familiarity also reported low
understanding of the differences between GE technologies and breeding techniques. A
significant negative correlation for the relationship based on the wording of the questions
confirmed that participants who were more familiar with specific terminology reported they
understand better the difference between GE and breeding technologies. This correlation was just
below the threshold (.5) for a large effect size. We also investigated experience versus term
familiarity. Experience seems to play a role in familiarity with GE technology terms, though the
effect sizes were small. Participants with experience in agriculture had significantly higher
average scores (p < .05) for both all terms and the Abrams terms than participants without
experience. Average scores for participants with agriculture experience on researcher-driven
terms were also higher than those without experience, though the difference was not significant.

This lack of significance could be due to a lack of statistical power, as we had a 24%
chance of missing a small effect at an alpha level of .10. We did have a small number (n = 147)
of participants with experience with agriculture. A lack of significant difference could also be a
function of a problem with our researcher-driven terms scale. While reliability of the scales was
above the acceptable levels, the reliability for the researcher-driven terms subscale bordered on
too high (Cortina, 1993; Hulin et al., 2001), suggesting a great deal of overlap or a scale that is
too long overall to measure this concept. For example, we asked participants about both
crossbred organism and crossbred food as well as hybrid organism and crossbred organism.
Some items may need to be dropped in future research or investigated further with item-response
theory.

However, the lack of significant difference between groups based on agriculture
experience could also be reflective of a true lack of difference in understanding on GE
technology related terms in both groups, given low overall term familiarity in participants in our
study. Previous evaluations such as Hallman et al. (2013) and peer-reviewed research from
Abrams et al. (2015) support this conclusion that U.S. adults are not very knowledgeable about
GE technology. Surveys from Kahan (2015) indicating a lack of U.S. adult polarization on
genetic engineering, coupled with related research on nanotechnology that suggest polarization
on emerging technology topics might result only after participants are knowledgeable on the
subjects, also support our findings of low knowledge levels in this study.

Our results indicate several areas for future research and practice. For educators, the low
familiarity of genetic related terms we found, especially in the population lacking experience in
agriculture, supports the mere-exposure effect for genetic engineering technology (Zajonc,
2001). Term familiarity and therefore awareness knowledge in Rogers’ hierarchy is lacking
among U.S. adults on the subject of genetic engineering in the context of food. More formal,



informal, and nonformal education programming on terms relating to genetic engineering will
increase familiarity. Programs should also take into account dimensions of human health versus
environmental risk, and they should not treat GE technology as a single issue but a series of
related cases based on individual crops and their individual risks and benefit scenarios. However,
given differences in familiarity based on agriculture experience, programs should look different
for different audiences based on this dimension of participant background. As experience in
agriculture is also low among our respondents, creating and bolstering avenues for education and
exposure to more general genetic literacy as well as agriculture overall may also be helpful.
Knowledge alone may not be the primary indicator of future decision-making. Therefore more
overall experience in agriculture and relationships with people who support agriculture (Kahan,
2008) may increase support for agribiotechnologies.

For researchers, as participants in our study reported higher educational levels than
reported by the U.S. Census, these low scores may actually overestimate knowledge on GE
technology for the entire U.S. adult population. However, it is unclear how many participants
would have learned terminology related to genetic engineering in formal school, given the recent
emergence of the technology and general lack of agricultural or science education in schools.
The same could be said of other demographic categories such as income. Future studies should
examine the relationship of familiarity with educational attainment, as well as compare self-
reports of education and other demographics with other valid and reliable scales about general
science and agricultural literacy. Such support will address the AAAE Research Agenda Priority
1 on agricultural literacy (Enns et al., 2016). Further, researchers might expect experience in
agriculture to be more common amongst older age groups based on demographic trends about
the percentages of people living and working on farms declining at the end of the 20" century
(Environmental Protection Agency, 2013). However, we found a smaller percentage of older
Americans reported any experience with agriculture. The discrepancy between census figures
and our results highlights a need to have better measures of agricultural experience for many
studies of these populations and topics. Future research should formalize this scale and test the
items for reliability and validity. We did not examine experience with genetics more broadly,
such as in medical contexts. Determining the role of experience in genetics and medical genetic
engineering may also help understand support for GE technology in food. These issues may all
vary in current student populations as well, and this population therefore these same research
questions should be asked of them.

Higher familiarity can increase our confidence in studies using terms without definitions,
such as those examined here. This will allow us to obtain better pictures of public perceptions
and beliefs on genetic engineering for food and other crops. Future research on public support for
genetic engineering should take into account that the survey population may not have the
foundational knowledge necessary for discussing these complex ideas, especially without
establishing definitions in the course of the research. Providing researcher-generated definitions
or asking participants to generate their own definitions for comparison to other answers may be
necessary to ensure meaningful, quality data. At the least, research should include assessments of
term familiarity when considering such jargon-heavy technology discussions. We know
Americans are not a uniform public, and the better we understand their experiences with
agriculture as a potential mediating factor on acceptance of and support for agriculture, the more
effectively we can target messages or interventions for particular subgroups.
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A Motivating Force Behind Online Self-Regulated Learning
Marshall Swafford, Eastern New Mexico University
Abstract

Success in online learning environments is dependent upon students’ abilities to manage their
own learning. The self-regulated learning practices of goal setting, environment structuring,
task strategies, self-evaluation, time management, and help seeking are developed through
experience and motivation. This study sought to determine the levels of self-regulated learning
and identify the motivation components that correlated to the levels of self-regulated learning of
students in an online agriculture dual enrollment course. Students had the highest self-
regulation in the areas of goal setting and environment structuring. The lowest online learning
self-regulation was in help seeking. Task value was the motivation component receiving the
highest mean score, while test anxiety received the lowest score. Relationships between online
self-regulated learning and motivation constructs were statistically significant. Faculty in online
courses are encouraged to aid in the development of help seeking, time management, and meta-
analysis strategies. Furthermore, faculty are encouraged to incorporate valuable tasks within
the online curriculum to increase students’ motivation to learn. Course developers are
encouraged to incorporate problems-based learning, authentic assessments, and team-based
learning approaches to better engage students. Research should continue to investigate these
practices as they relate to increasing student motivation.

Introduction

Over the past 15 years, the importance of online programming to higher education has
evolved. In 2002, less than 50% of all higher education institutions indicated online education
was vital to their long-term strategy (Allen & Seaman, 2014). By 2014, nearly 70% of these
institutions described online education as critical (Allen & Seaman). Similarly, the perceptions
of online programming have increased. In 2012, 77%, of academic administrators, up from 57%
in 2003, indicated learning outcomes in online education were at least the same as face-to-face
instruction (Allen & Seaman). Over a similar period, student enrollment in online programs
increased; in 2014, 28.5% of all postsecondary students were enrolled in at least one distance
education course (U.S. Department of Education, 2016). Of the 20 million students registered in
postsecondary education programs, 14% enrolled exclusively in online courses (U.S. Department
of Education). These statistics, coupled with the suggestions found within the American
Association for Agricultural Education National Research Agenda: 2016-2020 (Edgar, Retallick,
& Jones, 2016) to engage students in meaningful learning in all environments, indicate a need for
further investigation of self-regulated learning in online environments.

Introducing students early to online courses through dual enrollment programs aid
students in developing the necessary skills to be successful as a full-time college student
(Chumbley, Hayes, & Hainline, 2015). Dual enrollment courses allow secondary students to
earn high school and college credit while taking college courses via local community or 4-year
colleges or universities (Estacion, Cotner, D’Souza, Smith, & Borman, 2011). Dual enrollment
programs were developed as a response to the need to keep talented students challenged and ease



the transition between high school and college (Bailey & Karp, 2003; Burns & Lewis, 2000).
Anderson (2010) and Hughes (2010) found students felt better prepared for college after
completing dual enrollment courses.

Students succeed in online courses by managing their own learning through self-
regulated practices. Self-regulation is “an active, constructed process whereby learners set goals
for their learning and then attempt to monitor, regulate, and control their cognition, motivation,
behavior, guided and constrained by their goals, and the contextual factors in the environment”
(Pintrich, 2008, p. 453). Self-regulated learning refers to one’s ability to understand and control
their learning environment (Schraw, Crippen, & Hartley, 2006), and must be developed over
time (Chumbley, Haynes, & Hainline, 2015). Students will not be successful in online programs
when expected to acquire self-regulated skills without preparation (Artino, 2009; Harrell, 2008).

Successful students in online courses manage their learner autonomy and practice
individual responsibility (Andrade & Baker, 2009; Harrell, 2008). Among online students, Bell
(2006) found a relationship between self-regulated learning skills and academic achievement in
the online environment. Furthermore, Barnard, Paton, and Lan (2008) found self-regulated
learning behaviors mediate the positive relationship between communication and collaboration in
online courses and academic achievement. However, students who are not persistent toward
achieving their goals, through irresponsibility, run the risk of attrition in this environment (Hart,
2012). Persistence in online courses, influenced by motivation (Hart, 2012) enable students to
mitigate learning community isolation, which can lead to attrition. Along with persistence,
perseverance is a predictor of academic achievement within the context of self-regulated learning
(Wolters & Hussain, 2015).

Through experience (Chumbley, Haynes, & Hainline, 2015) and preparation, students
who can regulate their learning know where and how to acquire the knowledge needed to be
successful in the online environment (Cunningham & Billingsley, 2003). Furthermore, self-
regulated learning and motivation mediate the effects of student emotions on academic
achievement (Mega, Ronconi, & De Beni, 2014). Successful self-regulators employ critical
thinking, take ownership in their learning, and actively participate in the learning process
(Chung, 2000). Students who effectively regulate their learning are more likely to find academic
success in online programs (Bell, 2006).

Researchers have investigated aspects of motivation of students in online programs.
Barak, Watted, and Haick (2016) found students in massive open online courses (MOOCs) were
motivated intrinsically to learn and participate in online study groups. Hew and Cheung (2014)
identified four reasons why students enroll in MOOCs and included the desire to extend current
knowledge, course intrigue, the challenging nature of the course, and to collect completion
certificates. Within the context of learning, Chang et al. (2013) identified a relationship between
students’ internet self-efficacy and motivation to learn.

Research focused on motivation of secondary students in online agriculture courses is
limited. However, Swafford, Hagler, and Waller (2016) determined students enrolled in a
hybrid/online dual enrollment agriculture course were more extrinsically motivated than



intrinsically. Other studies focused on secondary students have explored the perceptions of
motivation relating to participation in online discussions (Hobgood, 2007).

Pintrich, Marx, and Boyle (1993) posited the interaction between motivation and
cognitive, behavioral, and contextual factors affects self-regulated learning. Pintrich and Zusho
(2002) identified differences between good and poor self-regulators in several motivational
processes. Good self-regulated learners are more likely to set hierarchical goals, while also
holding process (e.g. strategies for solving problems) and product goals (e.g. making good
grades; Zimmerman, 2000).

Goal orientation plays a key role in self-regulation (Pintrich, 2000a). Within goal
orientation, a distinction is made between mastery and performance goals. Mastery goals reflect
a focus on the acquisition of knowledge, skill, and competence, while performance goals involve
demonstration of competence relative to peers (Elliot & Harackiewicz, 1996; Pintrich, 2000a).
Within the goal orientation context, researchers (Pintrich, 2000a, 2000b, 2003; Linnenbrink &
Pintrich, 2002) described the role of motivation in self-regulated learning with an approach-
avoid dimension. Mastery-approach goals are focused on tasks to develop skills, while mastery-
avoid goals involve avoiding the possibility of not meeting one’s standards (Schunk, 2005).
Outperforming one’s contemporaries constitute performance-approach goals (Schunk).
Conversely, “performance-avoid goals entail a concern with avoiding the demonstration of low
ability” (Schunk, 2005, p 88).

Mastery-approach goals are beneficial to self-regulated learning. Students with goals
focused on mastery demonstrated better cognitive monitoring and use of effective learning
strategies (Pintrich, 2000b). Students who set mastery goals are more likely to monitor their
learning and control their cognition through various learning and cognitive strategies (Pintrich,
2000b). Students who adopt mastery-approach goals are also more effective in managing their
time and seeking help (Schunk, 2005).

Contrary to mastery goals, the adoption of performance goals and their relationship to
self-regulated learning is mixed, at best. Wolters, Yu, and Pintrich (1996) found a performance
goal approach to outperform others related positively to self-efficacy and use of cognitive and
self-regulatory practices, among junior high students. Kaplan and Midgley (1997) found a
positive relationship between performance goals and surface processing strategies. However,
these same researchers also found no correlation between adaptive learning strategies and
performance-approach goals. Similarly, Wolters (2004) found performance-approach goals did
not relate to use of cognitive or metacognitive practices.

Theoretical Framework

Self-determination theory (SDT, Deci & Ryan, 1985) served as the framework for this
study. SDT is a theory of situated motivation, which is built upon the premise of learner
autonomy. SDT posits all humans desire to be autonomous, as well as to feel capable and
connected to others in relation to their environment. Ryan and Deci (2000) stated more
autonomous forms of motivation are promoted if environmental conditions support an
individuals’ autonomy.



Intrinsically motivated students are driven to perform as the reward lies in the activity
(Deci, Koestner, & Ryan, 2001). Conversely, extrinsically motivated students undertake
activities for reasons outside of the activity including, good grades, avoidance of negative
consequences, or the perceived value of the task (Ryan & Deci, 2000). However, external
factors of motivation can vary, and therefore different types of extrinsic motivations can exist.
Conceptually, motivation is not dichotomous as SDT includes the idea of amotivation, or the
lack of motivation or intention to act. According to SDT, amotivated individuals may not act
due to low self-effiacy (Bandura, 1997), the belief that their actions will not affect the outcome
(Peterson, Maier, & Seligman, 1993), or a perceived low value of the task to be undertaken.

Within the continuum of motivation, four patterns of extrinsic motivation have been
identified (Hartnett, St. George, & Dron, 2011). External regulation refers to the type of
motivation where individuals are responsive to threats or the offer of rewards. Students who
engage in activities because they believe others expect them to are motivated by introjection.
Identified regulation is associated with student behaviors based upon the individuals’ perceived
task value. This pattern is considered external as the utility of the task and the end product is
more valuable than the enjoyment of the behavior (Brophy, 2008). Integration is the final type of
extrinsic motivation “where learners engage in the activity because of its significance to their
sense of self” (Hartnett, St. George, & Dron, 2011, p. 23). The elements of the SDT model of
motivation conceptualized for this study are found in Figure 1.

Extrinsic Types of Motivation

Amotivation Extern_al Identifi_ed Int_rins!c
Regulation Regulation Motivation
Quality of Non-self-determined . Self-determined
Behavior g

Figure 1. Elements of the SDT model. Adapted from Hartnett, St. George, & Dron (2011).
Purpose/Objectives

The purpose of this research study was to describe the relationship between learner
motivation and self-regulated learning within secondary students in an online dual enrollment
agriculture course. The objectives of the study were:

1. Determine the levels of online self-regulated learning of students enrolled in an online
agriculture dual enrollment course.

2. Describe the motivations (intrinsic goal orientation, extrinsic goal orientation, task
value, control of learning beliefs, and self-efficacy for learning and performance) of
students enrolled in an online agriculture dual enrollment course.

3. Describe the relationships between the motivation components, intrinsic goal
orientation, extrinsic goal orientation, task value, control of learning beliefs, and self-
efficacy for learning and performance, and students’ online self-regulated learning.



Methods

This study implemented the use of a descriptive survey. The participants were a census
of all secondary students enrolled in an online/hybrid introductory horticulture dual enrollment
course (N = 153) during the Fall 2016 semester. Students engaged in laboratory activities in-
class with their secondary agriculture instructor and completed all assessments (tests, quizzes,
discussion posts, final projects) online. Demographically, the course was comprised of slightly
more females (57%) than males (43%). Academically, the course included Sophomores (24%),
Juniors (32%), and Seniors (44%). Students identified themselves as Native Americans (41%),
Caucasian (33%), and Hispanic (26%). Data were collected online through a link within the
course learning management system. Of the 153 students enrolled in the course, 130 completed
the survey for a final response rate of 85%.

Due to the nature of the study, caution should be used when generalizing the findings
beyond the population. However, generalization with caution may contribute to the knowledge
base and the improvement of agricultural science courses taught in an online environment.

Self-regulated learning was measured using a short form of the Online Self-Regulated
Learning Questionnaire (OSLQ) (Lan, Bremer, Stevens, & Mullen, 2004). The OSLQ-short
form is a 5-point, 24-item Likert-type instrument with response choices ranging from strongly
disagree (1) to strongly agree (5). Higher scores on this scale indicate better self-regulation in
online learning (Barnard, Patton, & Lan, 2008). The OSLQ consists of six constructs of self-
regulation in online learning: environment structuring, goal setting, time management, help
seeking, task strategies, and self-evaluation. Due to the hybrid nature of the course, students
were directed to indicate their levels of self-regulation regarding the educational content in the
online portion of the course separately from in-class laboratory activities. Table 1 shows the
results of the post-hoc reliability analyses of the OSLQ.

Table 1
Internal Factor Reliability of the OSLQ, Post-Hoc
Construct Cronbach’s Alpha Reliability Coefficient

Environment Structuring 90
Goal Setting 94
Time Management .87
Help Seeking 90
Task Strategies .87
Self-Evaluation 90

Note. 5-point scale. 1 = Strongly Disagree, 2 = Disagree, 3 = Neither Agree nor Disagree, 4 =
Agree, 5 = Strongly Agree.

The motivation scales of the Motivated Strategies for Learning Questionnaire (MSLQ)
(Pintrich, Smith, Garcia, & McKeachie, 1991) were used to measure student motivation. The six
motivation scales of the larger instrument include 31 items in a 7-point Likert-type format with
response choices ranging from not at all true of me (1) to very true of me (7). The motivation



scales of the MSLQ included in this study consist of six constructs of motivation: intrinsic goal
orientation, extrinsic goal orientation, task value, control of learning beliefs, self-efficacy for
learning and performance, and test anxiety. Post-hoc reliability of the MSLQ is found in Table
2.

Table 2
Internal Factor Reliability of the MSLQ Motivation Scales, Post-Hoc
Scale Cronbach’s Alpha Reliability Coefficient
Self-Efficacy for Learning and Performance 93
Task Value 91
Test Anxiety .80
Intrinsic Goal Orientation 15
Control of Learning Beliefs .68
Extrinsic Goal Orientation .63

Note. 7-point scales. 1 = not at all true of me, 7 = very true of me.
Findings

Obijective one was to determine the levels of self-regulated online learning of students
enrolled in an online agriculture dual enrollment course. Self-regulated learning was measured
using a short form of the OSLQ. Students had an overall self-regulated online learning mean
score of 3.49 (SD=.45). The dual enrollment students were found to have the highest level of
self-regulated online learning within the construct of goal setting (M=3.65, SD=.66). Goal
setting refers to concepts connected to setting standards and short and long-term goals to guide
one’s learning. Conversely, students scored the lowest in the construct of help seeking (M=3.36,
SD=.45). Table 3 provides average students’ scores for each of the six constructs of online self-
regulated learning.

Table 3
Overall Self-Regulated Learning Scores by Construct (N=130)
Construct M SD

Goal Setting 3.65 0.66
Environment Structuring 3.59 0.72
Time Management 3.44 0.61
Self-Evaluation 341 0.55
Task Strategies 3.38 0.50
Help Seeking 3.36 0.57

Scale Total: 3.49 0.45

Note. 5-point scale. 1 = Strongly Disagree, 2 = Disagree, 3 = Neither Agree nor Disagree, 4 =
Agree, 5 = Strongly Agree.



The second objective was to describe the motivation of students enrolled in an online
agriculture dual enrollment course. The motivation scales of the larger MSLQ were used to
collect the data from the student participants. Of the six motivation components, students scored
the highest in task value (M = 5.03, SD = 1.07) and extrinsic goal orientation (M = 5.02, SD =
.97). On the other hand, students were motivated the least by test anxiety (M = 4.75, SD = 1.22).
These data can be found in Table 5.

Table 4
Motivation of Online Agriculture Dual Enrollment Students by Construct (N=130)
Motivation Component M SD
Task Value 5.03 1.07
Extrinsic Goal Orientation 5.02 0.97
Control of Learning Beliefs 4.98 1.16
Self-Efficacy for Learning and Performance 4.95 1.10
Intrinsic Goal Orientation 4.87 1.03
Test Anxiety 4,75 1.22

Note. 7-point scales. 1 = not at all true of me, 7 = very true of me.

Research objective three was to describe the relationships between the motivation
components, intrinsic goal orientation, extrinsic goal orientation, task value, control of learning
beliefs, self-efficacy for learning and performance, and test anxiety and students’ online self-
regulated learning. Results of a Pearson product-moment correlation yielded very strong (Davis,
1971) associations between online self-regulated learning and task value (r =.76), self-efficacy
for learning and performance (r = .76), and intrinsic motivation (r =.74). Extrinsic motivation (r
=.68) and control of learning beliefs (r = .63) were substantially (Davis) related to online self-
regulated learning. A low (Davis) association (r = .18) was found between online self-regulated
learning and test anxiety. These data can be found in Table 5.

Table 5
Correlations among Motivation Constructs and Online Self-Regulated Learning
Variable Task Self- Intrinsic Extrinsic Control Test
Value Efficacy Motivation Motivation  Beliefs  Anxiety
Online Self-

*%x *%x *x *x *

Regulated Learning  0.76™ 0.76 0.74 0.68 0.63 0.18

Note. **p<.001, *p<.05.
Conclusions/Implications/Recommendations

Consistent with findings from Chumbley, Haynes, and Hainline (2015), the students
taking agriculture dual enrollment courses were of similar demographics when compared to
secondary agriculture students in New Mexico. Contrary to these researchers, however, Native
American students enrolled in this course at a higher rate than Caucasians and Hispanics.
Nevertheless, Native American and Hispanic students still enrolled in these courses at higher rate
than is traditionally found among these demographics (Hughes, 2015). This phenomenon could



be a result of the student demographics of New Mexico or indicative of the idea that learners,
regardless of their race/ethnicity, socioeconomic status, or prior academic achievement benefit
from dual enrollment programs (Kanny, 2015).

Objective one sought to describe the levels of online self-regulated learning of the
students enrolled in an online agriculture dual enrollment course. Students in this study scored
the highest in the construct of goal setting. This stands in contrast to similar studies (Davis &
Neitzel, 2011; Chumbley, Haynes, & Hainline, 2015) where students scored highest in
environment structuring. With the less structured schedule of traditional face-to-face courses, it
may be implied that the students in this online course set immediate and long-term goals to better
meet academic goals. Conversely, students indicated the lowest level of agreement within the
construct of help seeking. Through experience in the online environment, students develop the
skills to regulate their learning, and thus, know how to acquire the knowledge needed to be
successful in this environment (Cunningham & Billingsley, 2003). The students in this study
may not have simply developed those skills and may not know where to seek the information
needed to be successful in the course.

The second objective was to describe the levels of motivation of students enrolled in an
online agriculture dual enrollment course. The value of the task and extrinsic factors were the
motivation components in which students showed the highest levels of agreement. In this case,
students viewed the tasks as interesting, important, and useful (Pintrich, et al., 1991). Extrinsic
goals refer to those goals concerning why they are participating in a course (e.g., grades,
rewards, performance, comparison to others) (Pintrich, et al., 1991). On the other hand, students
scored lowest test anxiety. Low-anxious students tend to be effective and efficient learners who
implement appropriate cognitive strategies for achievement (Pintrich & DeGroot, 1990).

Objective three sought to describe the relationship between self-regulated learning and
the motivation components intrinsic goal orientation, extrinsic goal orientation, task value,
control of learning beliefs, self-efficacy for learning and performance, and test anxiety. Task
value, self-efficacy for learning and performance, and intrinsic motivation had very strong
relationships with online self-regulated learning. Substantial relationships existed between
online self-regulated learning and extrinsic motivation and control of learning beliefs. Test
anxiety had a low relationship with online self-regulated learning. These findings were not
surprising as researchers have identified task value (Lawanto, Santoso, Goodridge, & Lawanto,
2014; Metallidou & Vlachou, 2010; Pintrich, 2003), self-efficacy (Schraw, Crippen, & Hartley,
2006), and intrinsic motivation (Pintrich, 2000a) as predictors of self-regulated learning. Within
the constructs of online self-regulated learning, Lawanto, et al. (2014) found substantial
relationships between task value and goal setting, task strategies, help seeking, and self-
evaluation.

Faculty and instructors of distance education courses should be proactive with new
students regarding the strategies needed to be successful in the online environment. Self-efficacy
has been positively related to student engagement and performance (Pintrich & DeGroot, 1990).
Students who believe they are capable are more likely to be self-regulating in terms of
metacognitive strategies and are more likely to persist at difficult tasks (Pintrich & DeGroot).
Specifically, students should be provided examples of resources with which to consult when



information is needed or assistance is required. Furthermore, students should be taught how to
analyze their learning through meta-analysis procedures to assess their learning to determine
strengths and weaknesses to mitigate the inherent isolation of the online environment. Although
the students in this study were not specifically deficient in their ability to manage their time,
emphasis should be placed on assisting students in the further development of the skills needed
to be more cognizant of the management requirements needed in an online program.

Intrinsic motivation and task value have important relationships with self-regulated
learning, specifically. Students who are more intrinsically motivated are more likely to be
engaged in the coursework and implement more self-regulated processes to manage their
learning. Furthermore, students who are intrinsically engaged in the coursework are more
interested in the content and view the tasks in which they are engaged as more valuable (Pintrich
& DeGroot, 1990). It is recommended that faculty or instructors socialize students’ intrinsic
value for academics (Pintrich & DeGroot) through valuable learning tasks. As teachers
implement more valuable learning tasks, students will be more engaged in the course, not
necessarily because it will lead to higher grades, but because it may lead to more cognitive
engagement in the online environment.

Eccles (1983) indicated intrinsic motivation was tied to students’ choice of future math
courses. Additionally, Pintrich and DeGroot (1990) reported intrinsic value was an important
component of students’ choice regarding engagement in academic work. As found in this study,
intrinsic motivation was very strongly related to online self-regulated learning. This finding is
especially important to agricultural education. It is recommended that faculty and instructors in
agriculture implement strategies to increase student’s intrinsic motivation to learn agriculture
concepts by incorporating valuable learning tasks, in the online environment, to motivate
students to pursue additional agriculture coursework. In addition, by incorporating the use of
goal setting prior to and upon conclusion of an online course students will be able to complete a
self-evaluation of their learning (Chumbley, Haynes, & Hainline, 2015).

Problem-based learning and authentic assessments have been shown to aid in the
development of self-regulated learning (Iran-Nejad & Chissom, 1992). As these methods are
more practical and engaging to the students, it is encouraged that course developers incorporate
these methods in the online environment. It is further recommended that researchers investigate
the use of problem-based and authentic assessments and their relationship to intrinsic motivation
and task value in the online environment. Additionally, to improve student engagement within
the multi-platform nature of hybrid online environments, course developers and researchers are
encouraged investigate the use team-based learning approaches within the online environment.
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Abstract

While shown to be less effective than active learning strategies, traditional methods of content
delivery in post-secondary classrooms are the most prominent. Flipped classrooms, an example
of an active learning approach, have been shown to be effective in long-term student outcomes.
Team-Based Learning (TBL), a specific application of the flipped approach, has been linked to
an increase in student performance, engagement, and satisfaction. TBL emphasizes the
application of content knowledge through structured problem solving and decision making
activities. The AgEdS 450 course at lowa State University was recently restructured to
implement TBL. This course revision sought to emphasize the development of skills necessary for
success in an evolving workforce. The purpose of this study was to examine student perceptions
concerning their attitudes and beliefs about learning, their motivation to learn, and their
professional development through critical thinking. Pretest and posttest measures were
compared and showed statistically significant increases across all three areas. These results
offer valuable insight for the adoption of student-centered teaching methods, specifically TBL.
Further examination of this teaching method compared to traditional teaching methods is
warranted and recommended.

Introduction

Lecturing and other teacher-centered instructional approaches are frequently utilized in
secondary and post-secondary settings (Balschweid, Knobloch, & Hains, 2014; Smith, Rayfield,
& McKim, 2015). In a national study of secondary agricultural education programs concerning
the effectiveness of instructional activities, Smith, Rayfield, and McKim (2015) found that a
majority of agricultural education teachers devoted most of their class time to lecturing.
Puzzlingly, those same teachers reported the effectiveness of lecturing to be relatively low
(Smith et al., 2015). Balschweid, Knobloch, and Hains (2014) noted many faculty members
perceive teaching as lecturing and that sentiment is *...embedded in their schema” (p. 163).
Based on this preconception it is difficult for faculty members to apperceive other methods of
instruction. Whittington and Newcomb (1993) recommended “[p]rofessors make conscientious
changes in their current teaching methodology to reach the cognitive levels to which they aspire
for their instruction” (p. 61). Implementing active learning techniques may prove useful in
improving cognitive levels reached (Perry Paulsen, & Retallick, 2015) and eliminate instructor’s
sole reliance on lecture methods

Flipped classrooms have garnered much attention at all levels of academic instruction in
recent years (Barkley, 2015; Bishop & Verleger, 2013). The increased traction of flipped
learning in higher education may be explained by a focused effort by instructors to reach higher
cognitive levels in student learning processes, increase student engagement, and ensure the



development of skills desired by employers (Espey, 2010; Lamm, Carter, & Melendez, 2014;
Tucker, 2012). The flipped classroom has also received considerable attention within agricultural
education (Barkley, 2015; Conner et al., 2014a; Conner et al., 2014b; Gardner, 2012;
McCubbins, Paulsen, & Anderson, 2016). While the popularity may be relatively new, flipped
classrooms have existed for several decades in some manner or another (Chen, Wang, Kinshuk,
& Chen, 2014). When implementing the flipped approach to teaching, instructors provide basic,
introductory content to students prior to a face-to-face class session so that class time is available
for meaningful learning activities (Enfield, 2013). Enfield (2013) suggested group discussions,
demonstrations, projects, and team building were advantages of the flipped classroom. In the
flipped model, students interact with peers and the instructor as they construct knowledge during
class time (Bergmann & Sams, 2012; Missildine, Fountain, Summers, & Gosselin, 2013; Kong,
2014). The foundation of the flipped classroom is comprised of constructivist ideologies paired
with behaviorist principles; two learning theories that were once viewed as incongruous (Bishop
& Verleger, 2013). The material in which students engage prior to class, usually through
readings or recorded lectures, fit under the behaviorist principle of direct instruction while the
activities carried out during class sessions align with constructivist’s views (Bishop & Verleger,
2013).

One of the earlier documentations of the flipped model in the postsecondary setting
occurred at the University of Oklahoma in the late 1970s and was called Team-Based Learning
(TBL) (Michaelsen, Knight, & Fink, 2004, Sibley & Ostafichuk, 2014). As noted by McCubbins,
Paulsen, and Anderson (2016), a consensus on the origins of the flipped learning model is
elusive. TBL has been defined as an active teaching method that emphasizes small-group work
and the application of content; in stark contrast with traditional methods of passive content
reception (Michaelsen, Sweet, & Parmalee, 2011). TBL, when developed, was reportedly an
amalgam of mastery learning and cooperative learning principles (Michaelsen, 1992). Though
similar to cooperative learning, important characteristics set TBL apart (Michaelsen & Sweet,
2011). Sibley and Ostafichuk (2014) outlined the four elements essential to the TBL method as:
1) properly formed and managed teams, 2) readiness assurance process to ensure preclass
preparation (RAP), 3) learning how to apply course concepts, and 4) the importance of
accountability. The teams should consist of five to seven students and be determined by the
instructor based on set criteria to ensure heterogeneity (Michaelsen et al., 2004; Michaelsen et
al., 2011; Sibley & Ostafichuk, 2014). The RAP includes four steps: 1) preclass preparation, 2)
individual readiness assurance test (IRAT), 3) team readiness assurance test (TRAT), and 4) an
appeals process (Michaelsen & Sweet, 2011).

Preclass preparation requires students to engage in the instructor-organized course
content via readings, videos, and other forms of media prior to attending class. During the first
class session of a module, students are assessed individually via the IRAT, and again
immediately following via a TRAT (Michaelsen et al., 2004). The TRAT “...unleashes the
power of social learning and immediate focused feedback...” (Sibley & Ostafichuk, 2014, p. 11).
This is accomplished by allowing students to discuss the questions and through immediate
feedback on their readiness assurance response. Immediate feedback is possible by administering
the TRAT via an Immediate Feedback Assessment Technique (IFAT) card (“What is the IF-
AT?”, n.d.). For the appeals process, students are able to provide a written, scholarly argument to
recapture points on missed questions. Students must provide an argumentative statement and



supporting evidence from the preclass preparation materials (Michaelsen et al., 2004; Michaelsen
& Sweet, 2011; Michaelsen et al., 2011). Following the RAP, a targeted, clarifying instruction
session is conducted. Clarifying instruction is geared toward the concepts that may remain
unclear to the students (Michaelsen et al., 2004). Remaining class sessions within the module
allow students the opportunity to apply course concepts via application exercises. Application
exercises are designed to present students with a significant problem grounded in a real-world
scenario where students work together to make a decision (Michaelsen et al., 2004).

The final component highlighted by Sibley and Ostafichuk (2014) is the importance of
accountability. The importance is solidified as students determine the grade-weights for the
entire course across three categories: 1) individual performance, 2) team performance, and 3)
peer evaluation (Michaelsen et al., 2004). Students are held accountable via the IRAT, TRAT,
application exercises, and finally through graded peer evaluations. This teaching approach
requires “...a shift in the role of the instructor from dispenser of information to manager of a
learning process” (Michaelsen, 1992, p.109). Despite the lack of consensus on when or where
flipped learning began, parallels exist between TBL principles and flipped learning principles.
Table 1 depicts the parallels found in the Flipping Principles (Jeffries, 2015) and TBL
components (Michaelsen et al., 2004).

Table 1

Parallels of the Flipped Course and Team-Based Learning Model

Flipping Principles TBL Component

Knowledge transfer moved outside of the class  Pre-class preparation

Application of the content in class Application Exercises

Peer teaching Peer discussions during the TRAT

Intra- and Inter-team discussions during

application exercises.

Contextual learning Application exercises- Should be relevant and
real-world.

Assessment reinforces learning IRAT and TRAT

TBL has been touted as an effective means for improving student performance (Baldwin,
Bedell, & Johnson, 1997; Johnson & Lee, 2008) and engagement (Balwan et al., 2015; Kelly et
al., 2005). However, implementing TBL requires a focused redevelopment of an entire course’s
structure (Sibley & Ostafichuk, 2014). Support for the transition from a teacher-centered to a
student-centered method is important. Addo-Attuah (2011) noted the criticality of buy-in from
faculty, students, and administration for successful implementation of TBL. That buy-in can
often be difficult to achieve when deciding to adopt student-centered instructional practices
(Hains & Smith, 2012). Hains and Smith (2012) noted that instructors can be resistant to adopt
student-centered teaching methods; administrators may resist the adoption to seemingly allow
faculty to focus on research; and students may combat the transition because they are not attuned
to the transition of authority within the classroom. Similarly, students may not value working
with other individuals based on previous, negative experiences in team settings (Espey, 2010),
adding to the difficulty of student buy-in. Conversely, Espey (2010) found that the value students
place on working with others increases significantly after a semester of TBL exposure.



Theoretical/ Conceptual Framework

The transference of authority within the learning environment may aid in the
development of transferable skills for workplace success. Students may consider assuming the
responsibility for their own learning as a disorienting dilemma. Mezirow (2000) stated that a
disorienting dilemma is an essential component to transformative learning. Accordingly,
Mezirow’s (2000) Transformative Learning Theory served as the theoretical framework for this
study. Mezirow (2000) posited that much of what individuals know and believe is dependent
upon the context. The context, as Mezirow (2000) explains, is generally embedded in
biographical, cultural, or historical contexts of individuals. Mezirow (2000) further identified the
importance of developing decision-making skills by analyzing individual experiences, assessing
the specific context of the experience, and working to establish informed meaning and
justification for resulting interpretations and opinions in adult education. In adult learning,
emphasis must be placed on “contextual understanding, critical reflection on assumptions, and
validating meaning by assessing reason” (Mezirow, 2000, p. 3).

The development of Transformative Learning Theory (Mezirow, 2000) “was influenced
by the concept of paradigm, made popular as a factor in the development of scientific thought by
Thomas Kuhn (1962), and that of conscientization, described by Paulo Freire in his influential
Pedagogy of the Oppressed (1970)” (p. xiii). In its later stages of development, Critical Theory
and its emphasis on critical reflection, as well as the work by Jurgen Habermas (1984) which
extended the work of Critical Theory, played important influential roles in Transformative
Learning Theory (Mezirow, 2000). Transformative Learning Theory is comprised of three
common themes which include “...the centrality of the experience, critical reflection, and
rational discourse in the process of meaning structure and transformation” (Taylor, 1998, p. 8).
In regard to centrality of the experience, Taylor (1998) espoused that student’s experiences are
socially constructed, which allows them to be deconstructed and acted upon. Mezirow (1995)
noted the beginning of and the subject matter for transformative learning is the learner’s
experience. Transformative Learning Theory is grounded in the nature of human communication
(Taylor, 2007). Taylor (1998) opined that Tennant’s (1991) description of a learner’s experience
offers an incredible deal of congruency with transformative learning. Tennant (1991) stated:

[Shared] learning experiences establish a common base from which each learner
constructs meaning through personal reflection and group discussion... The meanings
that learners attach to their experiences may be subjected to critical scrutiny. The teacher
may consciously try to disrupt the learner’s world view and stimulate uncertainty,
ambiguity, and doubt in learners about previously taken-for-granted interpretations of
experiences (p. 197).

Critical reflection allows the learner to question assumptions and beliefs that are deeply rooted in
their past experiences; while rational discourse is the medium through which transformative
learning is promoted and developed (Taylor, 1998).

Mezirow (2000) noted seven factors which must be present in order for learners to fully
immerse themselves in rational discourse and included; 1) accurate and complete information, 2)
freedom from coercion and distorting self-perception, 3) openness to alternative points of view



(empathy and concern about how others think and feel), 4) the ability to weigh evidence and
assess arguments objectively, 5) greater awareness of the context of ideas and, more critically,
reflectiveness of assumptions, including their own, 6) an equal opportunity to participate in the
various roles of discourse, and 7) willingness to seek understanding and agreement and to accept
a resulting best judgment as a test of validity until new perspectives, evidence, or arguments are
encountered and validated through discourse as yielding a better judgment.

Transformative Learning Theory (Mezirow, 2000) seeks to transform frames of reference
that are likely based on less reliable assumptions. A frame of reference, as explained by Mezirow
(2000), is the structure of individual assumptions that form meaning. “It selectively shapes and
delimits perception, cognition, feelings, and disposition by predisposing our intentions,
expectations, and purposes” (Mezirow, 2000, p. 16). Mezirow (2000) defined adult educators as
those who do not indoctrinate, but create opportunities to shift their authority over the learning
environment. This transition allows passive learners to become collaborative learners, but the
traditional power relationships that exist between teachers and learners must be eliminated.
When this transition occurs, it allows the learners to become more autonomous within the
learning environment (Mezirow, 2000). Many of these notions expounded by Mezirow
seemingly align with the TBL format and capstone course framework.

Though originally created as a model for outlining the learning activities within a
teaching methods course, the Taxonomy of Learning Activities (TLA) (Roberts, Stripling, &
Estepp, 2010) is useful in conceptualizing a transition from teacher-centered activities to more
autonomous, student-centered activities, such as with the adoption of TBL. The TLA, depicted in
Figure 1, allows instructors to visualize the continuum of learning activities, beginning with
teacher-centered activities and moving toward student-centered activities. This transition of
learning activities from teacher as authority to autonomous student learners aligns with
Mezirow’s (2000) description of educators within Transformative Learning Theory. Mezirow
(2000) espoused that educators must strive to transition authority within the learning
environment to their students, and when feasible, to create a collaborative learning environment
where students become self-directed learners. In regards to the TLA model, teacher-centered
activities include lecturing and demonstration; social interaction activities include questioning,
discussion, and cooperative learning; and student-centered activities utilize inquiry and
individualized applications (Roberts et al., 2010). The theoretical and conceptual frameworks
which served as a foundation for this study were operationalized through the implementation of
the TBL teaching method in a capstone course. TBL aims to develop high performing teams,
capable of applying course content to solve complex, real-world problems while holding
themselves and their peers accountable for learning the material (Michaelsen et al., 2004;
Michaelsen et al., 2011).
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Figure 1. Taxonomy of Learning Activities Model (Roberts, Stripling, & Estepp, 2010)

McCubbins, Paulsen, and Anderson (2016) developed a crosswalk of the activities found
in the TLA with activities in TBL. Table 2 displays those parallels. TBL activities are embedded
in each section of the continuum developed by Roberts et al. (2010).

Table 2
Parallels between the Taxonomy of Learning Activities and Team-Based Learning
TLA (Roberts et al., 2010) TBL Activity
Teacher-Centered Activities Preparation
Lecture Out-of-class reading (or video)
Demonstration Out-of-class reading (or video)
Social Interaction Activities Preparation/ Application
Questioning Individual and team tests
Discussion Corrective instruction, application activities
Cooperative Learning Team tests, appeals, application activities
Student-Centered Activities Application/ Assessment
Inquiry Individual application exercises, review
Individual Application Individual application exercises, individual exam/

Project

Note. From “Student Perceptions Concerning their Experience in a Flipped Undergraduate
Capstone Course,” by OP McCubbins, T. H. Paulsen, and R. G. Anderson, 2016, Journal of
Agricultural Education. Reprinted with permission.

Purpose and Objectives

Following a recommendation from McCubbins et al. (2016), this study sought to explore
the impact of exposure a TBL-formatted capstone farm management course had on students’
attitudes and beliefs about learning, motivation to learn, and professional development through
critical thinking. This recommendation, as well as TBL’s implementation as a newly-adopted
instructional approach within the course, provided a supportive foundation for the present study.
The development of research-based pedagogies and “enhanced understanding of learning and



teaching environments...” (Edgar, Retallick, & Jones, 2016, p. 39) is of utmost importance in
meeting agricultural education’s goal. This study addresses the American Association for
Agricultural Education’s National Research Agenda Research Priority Area 4: Meaningful,
Engaged Learning in All Environments (Roberts, Harder, & Brashears, 2016). This study is
explicitly aligned with the research priority question three which seeks to explore educational
programs that “...continually evolve to meet the needs and interests of students” (Edgar et al., p.
39). Specific objectives of this study were to:

1. Describe student perceptions regarding their attitudes and beliefs about learning,
motivation to learn, and professional development prior to completing the TBL formatted
AQEdS 450 course.

2. Describe student perceptions regarding their attitudes and beliefs about learning,
motivation to learn, and professional development after completing the TBL formatted
AgEdS 450 course.

3. Determine if there were changes in student perceptions regarding their attitudes and
beliefs about learning, motivation to learn, and professional development after
completing the TBL formatted AgEdS 450 course.

Methods and Procedures

This study was part of a larger research project that sought to examine the effectiveness
of the TBL pedagogical practice in an undergraduate capstone course. This study employed a
non-experimental, pretest—posttest design in order to measure the impact a TBL formatted
course had on student perceptions of their experiences. The researcher identified the target
population as all students enrolled in the AgEdS 450 course (N = 121) for the fall 2015 (n = 61)
and spring 2016 (n = 60) semesters. The course consisted of a combined lecture period, and two
laboratory sections, in which the students met on the farm once per week.

The Student Learning Experiences (SLE) survey developed by Bickelhaupt and Dorius
(2016) was utilized to measure student perceptions of their experience in previous group projects
and the TBL format. The instrument consisted of 35 Likert-type questions and two open-ended
questions for feedback on the structure of the course. The SLE is comprised of three constructs
(Likert scales), representing three learning domains, and included; 1) beliefs and attitudes about
learning, 2) motivation to learn, and 3) professional development through critical thinking. Two
of the 35 items were classified as independent measures as they did not situate within the
established constructs. The researchers utilized Qualtrics, a web-based survey program, to collect
student perceptions within the three learning domains. A pretest—posttest design was utilized to
measure change in students’ perceptions within three learning domains. The pretest and posttest
instruments varied only in how the questions were targeted. The pretest questions focused on
previous experience while the posttest focused on the specific experience within the TBL
formatted course. For example, a pretest item stated “When a theory, interpretation, or
conclusion has been presented in other courses or in previous readings, | try to decide if there is
good supporting evidence,” while the posttest item was stated as, “When a theory, interpretation,
or conclusion was presented in class or in the readings, | tried to decide if there was good
supporting evidence.”



Bickelhaupt and Dorius (2016) established face and content validity by utilizing a panel
of experts in survey design and TBL. The instrument was pilot-tested with students (n = 1039)
enrolled in TBL formatted courses at lowa State University (ISU) to measure reliability
(Bickelhaupt & Dorius, 2016). After the pilot study, focus groups were conducted with students
to further enhance face validity. Following the suggestions of Urdan (2010), the pilot study
conducted by Bickelhaupt and Dorius (2016) resulted in construct reliability coefficients deemed
acceptable (o = 0.84 — 0.92). Additionally, McCubbins et al. (2016) utilized the posttest
instrument and deemed the resulting reliability coefficients acceptable (o= 0.73 — 0.91).
Instruments in the present study were collected from respondents in the fall 2015 (n = 56) and
spring of 2016 (n = 54) for a 91.6% response rate (n = 110). Pretest and posttest construct
reliability coefficients were deemed acceptable (Table 3).

Table 3
Reliability Coefficients for Student Learning Experience Constructs

Post hoc

Cronbach’s Alpha Established Posttest

Observed Cronbach’s Alpha
Construct Pretest Posttest (McCubbins et al., 2016)
Beliefs and Attitudes about 0.97 0.95 0.91
Learning
Professional Development through 0.96 0.93 0.84
Critical Thinking
Motivation to Learn 0.95 0.75 0.73

After approval from the Institutional Review Board was received, demographic and
academic attributes of students were obtained from the Office of the Registrar at ISU. To
describe students’ academic attributes, university-specific terminology was used, and is
described as follows. Semester credit hours were defined as the number of credit hours in which
the student was enrolled during the study. Semester grade point average (GPA) was calculated
for the semester in which the study occurred. Cumulative credit hours were defined as the total
hours received at ISU, and cumulative GPA was calculated from ISU credits only. Total hours
was the sum of all credits including those transferred in from other institutions. Method of entry
refers to direct enrollment from high school or transfer from an outside institution. Descriptive
statistics were used to describe the student demographic data. To address research objective one
and two, measures of central tendency and variability were calculated in SPSS for each
construct. For objective three, paired-samples t-tests were utilized to determine the significance
of differences in student perceptions based upon enrollment in the TBL formatted AgEdS 450
course.

Qualitative data from the two open-ended items were analyzed following Guest,
MacQueen, and Namey’s (2012) Applied Thematic Analysis (ATA) procedures. ATA is an
amalgamation of components from other “...theoretical and methodological camp[s]...” (Guest
et al., p.15) that are most useful in an applied context. The applied nature of the study allowed
the qualitative data analysis to be conducted through structural coding procedures. Structural
coding was “used to identify the structure imposed on a qualitative data set by the research
questions and design” (Guest et al., 2012, p. 55).



The present study contained two structural topics (themes) relating to the two open-ended
questions; a) suggestions for improvement, and b) general comments. Data bound within these
two themes were analyzed through ATA coding procedures, and a codebook was created. The
use of intercoder agreement procedures and an external reviewer were employed to strengthen
the validity of the qualitative analysis. Intercoder agreement was established through the analysis
of segments of the text with the developed codebook by two individuals associated with the
research study and one individual not associated with the study (external review). Subjective
assessment procedures were employed to resolve “discordant coding” (Guest et al., p. 89)
between the researchers and an individual not associated with the study. In the case of a
discrepancy, the coders discussed the reasoning, arrived at a solution, and revised the codebook
as appropriate. The entire data analysis process was documented in order to establish an audit
trail. Verbatim quotes from the participants are utilized throughout as they should be, according
to Guest et al., ““...pivotal parts of the narrative” (p. 95). Student numbers, in lieu of
pseudonyms, were randomly assigned within Qualtrics after the pre- and posttests were matched.
The structure imposed on the qualitative data allowed the researchers to focus the narratives to
gather relevant information concerning recommendations for improving the course experience
through the participant’s voices. In regards to educational degree pursuit, the results represent a
homogenous sample. Care should be exercised when extrapolating results beyond the students
enrolled in AgEdS 450. Data gleaned from this study may provide useful insight for instructors
of other courses within colleges of agriculture regarding student perceptions towards TBL.

Results

The majority of student respondents were male (n = 85, 77.3%), between 21 and 25 years
of age (n = 93, 83.6%), and had direct entry into ISU from high school (n = 60, 54.5%). The
average number of credit hours students in which student participants were enrolled was 14.11
(SD = 3.04). The average cumulative GPA was 2.82 (SD = 0.48) and the average composite ACT
was 20.84 (SD = 0.32).

Objective One

The first objective sought to determine student perceptions regarding their attitudes and
beliefs about learning, motivation to learn, and professional development prior to completing the
TBL formatted AgEdS 450 course. Table 4 displays the construct descriptive statistics for the
pretest administration of the SLE instrument. The highest rated construct was Professional
Development (M = 2.56, SD = 1.09) and the lowest was Motivation to Learn (M =2.42, SD =
1.04).



Table 4
Pretest Descriptive Statistics for Student Learning Experiences

Construct M SD Min Max
Professional Development 2.56 1.09 1.00 5.00
Beliefs and Attitudes about 2.52 0.99 1.00 4.89
Learning

Motivation to Learn 2.42 1.04 1.00 4.67

Note. The SLE Instrument utilized two Likert-type scales. 1 (strongly disagree), 2 (disagree), 3
(Neutral), 4 (agree), and 5 (strongly agree). 1 (not at all true of me), 2 (sometimes), 3 (neutral),
4 (mostly), and 5 (very true of me).

Objective Two

Obijective two sought to determine student perceptions after completing the TBL
formatted AgEdS 450 course. Table 5 highlights the descriptive statistics stemming from the
posttest administration of the SLE instrument. Similar to the pretest administration, the highest
rated construct was Professional Development (M = 4.34, SD = 0.61) and the lowest was
Motivation to Learn (M = 4.09, SD = 0.62).

Table 5

Posttest Descriptive Statistics for Student Learning Experiences

Construct M SD Min Max
Professional Development 4.34 0.61 1.00 5.00
Beliefs and Attitudes about 4.28 0.62 1.00 5.00
Learning

Motivation to Learn 4.09 0.62 1.00 5.00

Note. The SLE Instrument utilized two Likert-type scales. 1 (strongly disagree), 2 (disagree), 3
(Neutral), 4 (agree), and 5 (strongly agree). 1 (not at all true of me), 2 (sometimes), 3 (neutral),
4 (mostly), and 5 (very true of me).

Objective Three

To address the third research objective, multiple paired-samples t-tests were conducted in
order to compare the means from each of the three constructs from the pretest and posttest
administration of the SLE instrument. There was a statistically significant, positive difference in
the mean scores for each of the three constructs. The professional development construct had a
statistically significant increase from the pretest (M = 2.56, SD = 1.09) to the posttest (M = 4.34,
SD =0.61), t (109) = 14.5, p =.000, d = 0.71. Student perceptions regarding beliefs and attitudes
about learning was found to have a statistically significant increase from the pretest (M = 2.52,
SD =0.99) to the posttest (M =4.28, SD = 0.62), t (109) = 14.9, p =.000, d = 0.73 as well.

Table 6
Paired Samples t-test Results of Student Learning Experience Pretest and Posttest (n = 110)

Pretest Posttest 95% ClI Effect
M SD M SD Diffe LL UL t p° df  Size®

Professional

Development 256 1.09 434 061 178 153 202 145 .000* 109 0.71



Beliefs and

aAtf(t)'Ltl‘t*deS 252 099 428 062 176 153 199 149 .000* 109 073
Learning
Viovalion 243 104 409 062 166 143 189 142 .000¢ 109  0.70

Note. CI = confidence interval; LL = lower limit; UL = upper limit.
3posttest minus pretest; "Probability of difference; “Mean difference divided by group SD
(0.02 = small; 0.5 = medium; 0.8 = large).

To determine if there was a statistically significant association between the mean
differences and select demographic variables (GPA and credit hours), a correlation was
calculated. Since the assumption of normality was not violated, Pearson correlations were
computed. There was a slight negative correlation between GPA and the motivation to learn
mean difference, r (108) = -.26, p = .006; attitudes and beliefs about learning mean difference, r
(108) =-.29, p = .002; and professional development mean difference, r (108) = -.26, p = .027.
There were no statistically significant associations between GPA, the number of credit hours
taken, and mean difference for each construct.

Independent samples t-tests were computed to determine differences between mean
differences for each construct and select demographic variables (gender and method of entry).
No statistical differences were found in those computations.

Conclusions and Discussion

TBL is a significant shift in traditional content delivery techniques. Students receive the
content prior to attending a class session which opens the majority of class time for the
application of content knowledge in a team setting. This transition in the learning environment
likely served as a disorienting dilemma (Mezirow, 2000) for students. Alongside quantitative
measures, student voices were heard through two structured questions in order to examine the
benefit of this atypical teaching approach. The evaluation of meaningful learning environments
is a convoluted task but is essential to guide learning and engagement (Edgar et al., 2016).
Contemplative of that sentiment, it is concluded that the implementation of TBL within the
capstone course framework develops an engaging learning environment in which students
assume responsibility for their own learning while working collaboratively to solve real-world
problems. This particular application of TBL contributes to the professional development of
students and strengthens their perceived ability to apply course concepts to situations after
graduation.

Across all three constructs, statistically significant increases in student perceptions were
observed. These results are encouraging as the need for research-based pedagogical practices are
important for instructors of agriculture (Edgar et al., 2016). Furthermore, the pretest and posttest
results offer valuable insights on overcoming preconceived notions stemming from past negative
experiences in working with other students, similar to Espey’s (2010) findings. These findings
support the continuation of the TBL instructional approach within AgEdS 450 as well. Similar to
previous research on flipped classrooms in agricultural contexts (Barkley, 2015; Conner et al.,



2014a; Conner et al., 2014b; Gardner, 2012; McCubbins et al., 2016), students viewed this TBL
formatted course favorably. TBL, in this context, reinforced specific critical thinking abilities,
fostered student’s motivation to learn the content, aided in the self-perceived ability to connect
theory to practice, and widened students’ frames of reference. Students felt that the time spent
working with groups was beneficial in holding them accountable to various assignments and
farm-related tasks.

In conclusion, TBL is a useful approach in transformative learning. Mezirow (2000)
discussed the importance of analyzing individual experiences in the process of assessing
reasoning and making meaning. As is obvious in the qualitative responses, this iteration of TBL
allowed students to engage with other individuals and negotiate throughout the semester.
Through the structure of this course, students were able to question their previous assumptions—
as they related to the course content and the value they placed on working with others—and
engage in rational discourse to widen their frames of reference (Mezirow, 2000).

Recommendations and Implications

Mezirow (2000) noted the importance of a trusting, social context to nurture
transformative learning, which is supported by the current findings as well as previous research
(McCubbins, Paulsen, & Anderson, 2016). Continual evaluation of student perceptions in this
particular course is recommended. It is further recommended that student outcomes be evaluated
alongside similar data. Evaluating student performance on exams compared to their perceptions
of TBL would be of particular interest, and could hold significant implications for the
instructional approaches employed by faculty members within agricultural education, broadly
defined.

As recommended in McCubbins, et al. (2016), critical thinking abilities should be
measured before and after exposure to TBL. This data could be compared to national norms,
similar to what was conducted in Perry et al.’s (2015) work, who recommended the examination
of critical thinking in line with active learning strategies. Additionally, comparison of student
performance in TBL formatted courses versus traditionally taught (i.e., lecture based) courses
within Colleges of Agriculture is warranted. This could potentially expand the significance and
utility of the findings from the present study.

We also recommend considerable attention be given to faculty professional development
workshops on designing, implementing, and sustaining student-centered frameworks
(Balschweid et al., 2014; McCubbins et al., 2016). With consideration of the potential barriers in
the adoption of student-centered course design (Hains & Smith, 2012), it is likely time for
faculty members within agricultural education to advocate for more emphasis on teaching and
learning in their alignment of institutional responsibilities. Traditionally, “effective teaching has
continually been hampered by pedagogical constraints, such as time, materials, and ever
changing technological advances” (Edgar et al., p. 38). TBL, while not a panacea, provides a
solution to the hampering of effective teaching practices. It is long past time that those charged
with teaching students for a changing world quit handicapping those students by the perpetuation
of teaching methods known to be less effective.
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Conceptualizing the Integration of Team-Based Learning into a Capstone Farm
Management Course: Advice from Larry Michaelsen

Abstract

Chickering and Gamson (1987) suggested that learning is not a spectator sport. Students must
talk about what they are learning, relate it to past experiences, and make it a part of themselves.
Conner et al. (2014) point out a need for instructors to be innovative when designing and
delivering courses in higher education. Lecturing or other passive learning strategies are not
effective with today’s learners (Knight & Wood, 2005). While not a new concept, student-
centered instruction is becoming a heavily researched topic (Conner et al., 2014; Hains &
Smith, 2012; Herreid & Schiller, 2013; Tucker, 2012). Enter the development of Team-Based
Learning (TBL). Growing evidence exists that TBL is an effective, interactive teaching method
that incorporates peer teaching and enhances enthusiasm for learning (Parmalee, 2007). This
narrative based exploratory study utilized interview methodology to glean information about
TBL. The aim for this narrative based, exploratory study is to gather detailed information on
TBL and advice for incorporating TBL into a [Capstone Farm Management Course]. The themes
that emerged from the qualitative analysis are identified and described in further detail below
and included: a) application of content, b) student accountability, ¢) decision making, and d)
evidence. The adoption of TBL may inch the discipline closer to more meaningful and engaging
learning environments. It may also assist in doing the same across disciplines within higher
education. We recommended exploring the effect TBL’s implementation has on student
outcomes.

Introduction

Doerfert (2011) posited that the teachers’ role should transition from the sole source of
knowledge to becoming a facilitator of the learning process in all environments, because students
are more diverse than ever. “Learners who are not engaged in meaningful learning are either at
risk for failure or become adept at memorizing rote facts, but are not proficient at solving
complex problems with an ever changing knowledge base” (Doerfert, 2011, p. 22). Chickering
and Gamson (1987) suggested that learning is not a spectator sport. Students must talk about
what they are learning, relate it to past experiences, and make it a part of themselves. Passive
learning does little to aid in student acquisition of new knowledge. Estepp, Stripling, Conner,
Giorgi, and Roberts (2013) found that lecturing was the learning activity most frequently utilized
by agricultural educators, and that the lecture method reached mostly lower levels of cognition.
Chickering and Gamson (1987) further contended, “learning is enhanced when it is more like a
team effort than a solo race...working with others often increases involvement in learning” (p.
3).

Conner et al. (2014) point out a need for instructors to be innovative when designing and
delivering courses in higher education. Lecturing or other passive learning strategies are not
effective with today’s learners (Knight & Wood, 2005). Implementing active learning strategies
in higher education can lead to improved student engagement and better retention of content
knowledge (Cross, 1987; Prince, 2005). Many of these strategies require faculty to assume the
role of facilitator as opposed to the sole source of knowledge (Doerfert, 2011). Conversely, the
role of a facilitator is marred with barriers (Bonwell & Eison, 1991) but can be implemented
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with careful planning. One such method for the inclusion of active learning is by utilizing the
backwards design instructional planning method (Wiggins & McTighe, 2005). In backwards
design planning, teachers identify the desired outcomes, determine what would prove acceptable
for meeting those outcomes, and then plan learning activities accordingly. Additional research is
available to aid higher education faculty in the transition from passive learning to more active
learning techniques (Bonwell & Eison, 1991; Conner et al., 2014; Knight & Wood, 2005).

While not a new concept, student-centered instruction is becoming a heavily researched
topic (Artz, Jacobs, & Boessen, 2016; Conner et al., 2014; Hains & Smith, 2012; Herreid &
Schiller, 2013; McCubbins, Paulsen, & Anderson, 2016; Tucker, 2012). Many forms of active
learning exist (i.e., modified lectures, demonstrations, problem-based learning, discussion, and
the case study method) and flipped learning can be classified as such (Bonwell & Eison, 1991).
Research has demonstrated that college students learn more when they become involved in the
education process (Bonwell, & Eison, 1991; Lake, 2001, Michaelsen, Knight, & Fink, 2004).
Prince (2004) posited that engaging students in the learning process through any number of
instructional methods is considered active learning.

Kirschner, Sweller, and Clark (2010) classified experiential learning activities (derived
from experiential learning theory) as a ‘minimal guidance’ instructional method, and that it is an
ineffective method for student learning. On the contrary, research involving experiential learning
in agricultural education, although not yet mastered by agricultural educators (Shoulders &
Myers, 2013), is overwhelmingly positive (Baker, Robinson, & Kolb, 2012; Baker, Brown,
Blackburn, & Robinson, 2014; Brown & Kelsey, 2013; Shoulders, Blythe, & Myers, 2013).
Furthermore, experiential learning is a relevant component in the higher education process
(Andreasen, 2004), even though its acceptance into the formal classroom setting may be
somewhat limited (Steiner, 2004). Does a course structure exist that places adequate emphasis on
experiential learning? Crunkilton, Cepica, and Fluker (1997) noted that when implemented
correctly, a capstone course “provides students a rich contextual frame of reference for furthering
connection between theory and practice...” (p. 4). Utilizing various instructional methods to
meet the needs of 21% century learners is an important task for agricultural educators.

Flipped Learning

Sams and Bergmann (2013) pose an important question; is face-to-face interaction more
important while students are being introduced to content, or when they are struggling to apply it?
Active learning methods, from which flipped learning was derived, have become more popular
in the delivery of modern curricula (Clark, Nguyen, Bray, & Levine, 2008). Tucker (2012) noted
there is not a single model for flipped learning, however, content traditionally taught in
classroom settings is now the responsibility of the student prior to the face-to-face learning
experience. The Flipped Learning Network (2014) provides an in depth definition:

Flipped Learning is a pedagogical approach in which direct instruction moves from the
group learning space to the individual learning space, and the resulting group space is
transformed into a dynamic, interactive learning environment where the educator guides
students as they apply concepts and engage creatively in the subject matter (p. 1).

This definition of flipped learning aligns with the TBL model, as developed by Michaelsen
(2004). Bergman and Sams (2012) noted that flipped learning has a high potential to positively
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affect student learning. The National Research Council (2009) argued that faculty adoption of
active learning techniques has been slow despite the demonstrated benefits of such techniques.
Students learn more when actively engaged and presented real-world situations to consider (The
National Research Council, 2009). Active learning can aid in students retaining more
information and effectively adding to their existing knowledge base (Cross, 1987).

Experiential Learning and Capstone Courses

Many models of experiential learning exist and can be directly linked to the traditional
theories of Lewin, Dewey, and Piaget (Andreasen, 1998). Experiential learning, problem solving,
and decision-making are an essential element in the higher education process (Andreasen, 2004).
The Grant Foundation (1988) reported that learning through hands-on participation, making
errors, and eventually closing the gap between failure and success should be the focus of the
educational process. “Learning activities and/or instructional techniques are often an integral part
of experiential learning in a capstone course” (Trede & Andreasen, 2000, p. 35). Kolb (1984)
defined learning as the process in which knowledge is created through the transformation of
experience. Kolb (1984) offered an experiential learning model which depicts a four-stage cycle
with four adaptive modes: concrete experiences, reflective observation, abstract
conceptualization, and active experimentation (Figure 1). Andreasen (1998), in relation to Kolb’s
(1984) model, stated, “Knowledge, then, is transformed either through intention or extension and
grasped either by comprehension or apprehension” (p. 13). These experiential learning
components divide Kolb’s (1984) model into four quadrants: accommodative knowledge,
divergent knowledge, convergent knowledge, and assimilative knowledge. These quadrants
consider processes where knowledge is transformed through an individual’s experiences.
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* >
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Figure 1. The Model of Experiential Learning Process. Reprinted from Experiential Learning:
Experience as the Source of Learning and Development (p. 42), by David A. Kolb, 1984,
Englewood Cliffs, NJ: Prentice-Hall, Inc. Copyright 1984 by Prentice-Hall, Inc.

Crunkilton et al. (1997) defined a capstone course as a planned learning experience that
requires students to synthesize previous subject matter content knowledge, and integrate new
information into that knowledge base in order to solve simulated or real world problems.



Projects, case studies or issue analysis, group work, and communication should be integral
components of capstone courses (Crunkilton et al., 1997). Enriching the capstone course
experience to include specific attributes of experiential learning has also been an emphasized
research topic (Andreasen, 1998; Andreasen, 2000; Trede & Andreasen, 2000).

Model for the Integration of Experiential Learning into a Capstone Course

Andreasen (1998) developed a model to conceptualize the integration of experiential
learning into capstone courses in Colleges of Agriculture—The Model for the Integration of
Experiential Learning into a Capstone Course (MIELCC). MIELCC is founded in the
experiential learning principles of Kolb (1984), Joplin (1981), and Pfeiffer and Jones (1977).
Andreasen (1998) adapted the stages of experiential learning into five “R’s” (receive, relate,
reflect, refine, and reconstruct), which were designed to spiral and funnel the required capstone
components, into a synthesis, which integrated subject matter content. The receive component is
defined by an activity experienced by the learner. Students then relate when fragmented
knowledge integrated into a unified skill. Learners then move to the reflect stage where they
systematically cogitate on learned experiences and connect them to other situations. The refine
step provides the learner opportunity to further explore the applicability of the learned
experience to and with other knowledge. In the final step, students reconstruct the subject matter
content through a culminating synthesis, which occurs when the learner integrates it into their
knowledge base. Figure 2 depicts the MIELCC model in its entirety.
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Figure 2. Model for the Integration of Experiential Learning into a Capstone Course
Reprinted from “Integrating Experiential Learning into College of Agriculture Capstone
Courses: Implications and Applications for Practitioners” by R. J. Andreasen, 2004. NACTA
Journal, 48 (1), p. 52-57. Copyright 2004 by the NACTA Journal.

Team-Based Learning
Team-Based Learning (TBL), developed by Dr. Larry Michaelsen in the late 1970’s, is a

teaching method that focuses on student learning teams applying course content to solve
complex problems (McCubbins, Paulsen, & Anderson, 2016; Sibley, 2015). Michaelsen



developed TBL to combat passive learning in his courses with high student enrollment
(Michaelsen, Knight, & Fink, 2004). The guiding philosophy was that students should be able to
apply course content instead of merely regurgitating it for assessment purposes.

Different from other forms of group work, TBL follows a specific sequence as students
navigate the course content. The course content is available to students before they attend class.
When they arrive to class, they complete an individual test over the content; then complete the
same test in their learning teams. This process holds students accountable for engaging with the
content. A short instructional session is led by the instructor to address any misconceptions
identified on the individual or team test. The remainder of class allows students to solve complex
application exercises (Michaelsen et al., 2004; Sibley, 2015).

Application exercises follow the 4S format and must pose a significant problem with a
specific choice for teams to decide on. Each team works on the same problem and simultaneously
report their decisions. The instructor facilitates discussion between the teams to further clarify
any misconceptions and to draw out the team’s decision-making process (Michaelsen et al.,
2004; Sibley, 2015). The entire process—content engagement before class, individual and team
test, and application exercises—is repeated for each major unit of instruction.

Problem and Purpose

Scholarship in teaching and learning has been a foundational research focus for
agricultural education. Doerfert (2011) advised “learners who are not engaged in meaningful
learning are either at risk for failure or become adept at memorizing rote facts, but are not
proficient at solving complex problems with an ever changing knowledge base” (p. 1, para. 5).
This study aligns with the American Association of Agricultural Educations (AAAE) National
Research Agenda (NRA) priority area number four which focuses on “meaningful, engaged
learning in all environments” (Edgar, Retallick, & Jones, 2016). The purpose of this narrative
based exploratory study was to gather information on the process of flipping the current, lecture-
based structure of the AgEdS 450 course at ISU to TBL format. How does one combat passive
learning and promote active learning in a setting such as this?

Epistemology and Conceptual Framework

As defined by Crotty (2003), epistemology is the knowledge embedded in one’s
theoretical perspective which is in turn embedded in the methodology. The epistemological
perspective used throughout this study is rooted in interpretivism, and more specifically,
pragmatism. Creswell (2013) posits that “...interpretive frameworks based on pragmatism focus
on the outcome of the research...” (p. 28). Crotty (2003) further explains that the interpretivist
approach “looks for culturally derived and historically situated interpretations of the social life-
world” (p. 67).

The Model for the Integration of Experiential Learning into a Capstone Course
(MIELCC, 1998) served as the conceptual framework for this study. The MIELCC Model draws
upon observations and research from educators with diverse fields of expertise and is oriented
toward capstone courses in Colleges of Agriculture, with relation to the principles of experiential



learning; receive, relate, reflect, refine, reconstruct (Andreasen, 1998). MIELLC, when utilized,
“provides an actualization of the relationship between and among these educational principles”
(p. 61). MIELLC provides a more holistic view of integrating experiential learning into a
capstone course. Various teaching methods have been implemented to achieve the desired
outcomes of experiential learning (Trede & Andreasen, 2000).

The Setting: AgEdS 450 — Farm Management and Operations

AQEdS 450 serves as the capstone course for all Agricultural Studies majors at lowa State
University (ISU). A student managed farm serves as the experiential learning laboratory for the
course. The course provides a strong emphasis on experiential learning and hands-on application
of a typical Midwest farming operation. The AgEdS 450 farm is completely student managed.
The professor-in-charge, instructor, and farm operator provide guidance and information on best
practices and university policies for the students to follow, but students have the power to make
decisions to manage the farm. All decisions are made by a majority of the students enrolled in
the course during weekly business meetings throughout the semester. Decisions range from seed
selection, establishing a fertilizer plan, marketing grain, purchasing equipment, to hiring labor.

Methods and Methodology

This narrative based exploratory study utilized interview methodology to glean
information about TBL. The aim for this narrative based, exploratory study is to gather detailed
information on TBL and advice for incorporating TBL into the AgEdS 450 course. We
interviewed Dr. Larry Michaelsen, the developer of TBL, in order to garner background
information, information about the creation of TBL, and helpful advice for flipping a course. We
conducted a two-hour interview with Dr. Michaelsen on the campus of the University of Central
Missouri, Dr. Michaelsen’s most recent place of employment. The researchers utilized a semi-
structured interview protocol as outlined by Savin-Baden and Major (2013). Semi-structured
interviews are conducted in a formal manner and include a list of questions to be asked during
the interview. Following a semi-structured interview protocol allows for additional questions in
response to participant comments and reactions. Savin-Baden and Major (2013) noted that semi-
structured interviews are also recommended when “the researcher has only one opportunity to
interview someone... it allows the researcher to decide how to best use the limited time available
and keeps the interaction focused” (p. 359). The interview participant was initially contacted
about a potential interview at a recent annual TBL conference, and again via email
communication one month prior to the interview.

Reflexivity Statement

Reflexivity statements allow researcher’s to make clear their stance within a particular
qualitative study (Creswell, 2013).The reflexivity statement may provide valuable insight on a
researcher’s background and “how it informs their interpretation of the information in a study...”
(Creswell, 2013, p. 47). The principal researcher on this project currently teaches a TBL
formatted course and is actively involved in the Team-Based Learning Collaborative, an
international group who share ideas and research pertaining to TBL.



Data Collection/ Data Analysis/ Trustworthiness/ Validity

The primary data sources were verbatim transcripts resulting from the recording of one
face-to-face, semi-structured interview with the developer and leading expert on TBL, and a
thorough review of literature regarding TBL, experiential learning, and capstone courses.

An independent third party transcriptionist not associated with the study transcribed the
audio-recorded interview verbatim. The principal researcher and an individual not associated
with the study read the transcripts multiple times before beginning the analysis process. The
verbatim transcripts were hand coded utilizing open, axial, and selective coding techniques
(Strauss & Corbin, 1990). Saldana (2008) stated that “coding is not a precise science; it’s
primarily an interpretive act” (p. 4). Categories emerged from the data and statements from the
interview were arranged accordingly. The principal researcher and the individual not associated
with the study compared the coded data to enhance inter-coder reliability (Denzen & Lincoln,
2000). Credibility was addressed by utilizing multiple researchers in order to triangulate the data
after the transcription process to ensure the accuracy of the statements made by the interviewee
(Lincoln & Guba, 1985). Validity was addressed by member checks (Maxwell, 2013) after
transcription and again after the coding was completed.

Findings

The themes that emerged from the qualitative analysis are identified and described in
further detail below and included: a) application of content, b) student accountability, c) decision
making, and d) evidence. The MIELCC model was revised to conceptualize the inclusion of TBL
into the AgEdS 450 course at ISU.

Application of Content

Application of content was the most consistent theme that emerged from the data. This
relates directly to the application component of the TBL model. An example of an item coded as
Application of Content is “students have to use course concepts from the pre-readings to solve
problems.” Michaelsen spoke to the importance of applying new and transformational
knowledge to real-world situations. These are typically presented following a ‘4 S* framework.
Same problem, significant problem, specific choice, simultaneous reporting comprises the ‘4 S’
framework (Michaelsen, Knight, & Fink, 2004). Michaelsen further supported the use of
application exercises by stating, “The most important is the application that follows. That’s when
you give assignments that require them to use concepts to make decisions, and create a situation
so they make their decision, and they represent their decision.” Furthermore, he stated that
“learning occurs when we set up a structure in our head and then we encounter new information
that doesn’t easily fit the structure,” meaning that the introduction of new knowledge doesn’t
always fit with the learners’ prior experiences. Michaelsen also noted he began his career in
teaching because he wanted to “teach where the application was the focus” and “I did not want to
lecture... the reason | went to business school was to work with applications.”



Michaelsen continued praising the application of content via TBL by stating:
The thing that is so frustrating to me about higher education... is that the assumption is if
you can regurgitate back answers, then you are educated, and that’s not true at all. You’re
only educated if you can think about things using those ideas. TBL enables students to
use [emphasis added] ideas not just memorize them.

Researchers note the importance of activities or application type exercises. Knight and
Wood (2005) concluded that the incorporation of clicker questions allowed the students to think
about and discuss topics of the course versus simply recording information. Students will
remember more content when activities (i.e. application exercises) are incorporated into
traditional teaching styles (Prince, 2005). Overall student engagement is higher as a result of
authentic, real-world situations posed in the form of application exercises (Michaelsen, Knight,
& Fink, 2004).

Student Accountability

Holding students accountable for their learning was evident in the analysis of the
transcript. Students must complete pre-class readings in order to prepare them for the RAP
process. An example of an item that would fall under the Student Accountability theme is
“Michaelsen noted that an instructor’s physical presence can hinder learning, and by holding
students accountable for their learning before class, it helps eliminate this issue. The students are
held accountable to themselves through the IRAT, and they’re held accountable to their teams on
the TRAT. This has served as a motivator for Michaelsen since the inception of TBL.

Furthermore, existing literature involving TBL in agricultural education also support this notion.
Quinn, Harding, and Matkin (2011) noted that students felt motivated to not let their teammates
down on the TRAT. Students in the study reported striving to do their best work as a result of
being part of a team.

Decision Making

Quinn, Harding, and Matkin (2011) reported that students in their TBL courses are
charged with making ethical decisions revolving around various agricultural topics. These
decisions are framed around application exercises. Wilson (2005) suggested that superior
decisions are made within a team setting. Michaelsen also noted the importance of students
making decisions using real-world problems. He mentioned the aspects of locating specific
businesses in prime locations as a sample of his application exercises.

Michaelsen posited that a student taking notes “is not meaningful work.” He explained
the benefits of student engagement in holding students accountable for their learning and making
real world decisions. Michaelsen stated in regards to TBL in AgEdS 450, “at various stages
along the way, they [students] have to make decisions on the farm,” and “that’s exactly the kind
of decision that needs to be made.” These comments represent the importance of presenting
students with real-world problems in an active learning environment. Michaelsen further
discussed the importance of designing assignments that require the utilization of previous course
concepts in order to reach a decision. “The most important is the application that follows. That’s



when you give assignments that require them to use concepts to make decisions, and create a
situation so they make their decision, and they represent their decision.”

Evidence

Michaelsen dedicated much time explaining why TBL works and is beneficial to students
as well as teachers. Specifically, Michaelsen noted the rich discussion that was taking place
during the TRAT and application exercises during the TBL sequencing model. He stated that the
discussion he noticed taking place included the same information he would have delivered in a
full lecture. Michaelsen also addressed the worries of students who thought that relying on team
members would be detrimental to their grade. He shared data he collected over 15 years relating
to individual performance and team performance. Michaelsen tallied each teams score on the
TRAT and highest scoring member of that particular team. He calculated the percent gain from
these numbers, and in only one instance over 26 years of implementation, “an individual
outscored the worst performing team” in the course.

Conclusions, Recommendations, and Implications

Michaelsen provided a detailed account on why he developed TBL, the structure of the
teaching technique, and evidence that supports its inclusion in higher education. The popularity
of student-centered instruction (Hains & Smith, 2012; Herreid & Schiller, 2013; Tucker, 2012),
also supports the case of utilizing the TBL model in the AgEdS 450 course at ISU. TBL is a
student-centered teaching method (Parmalee, 2007) and can be utilized in a manner that
effectively addresses the capstone course components and elements of experiential learning.
Collaboration with Michaelsen helped clarify the interconnectedness of TBL, experiential
learning, and capstone courses.

Model for Integrating TBL and Experiential Learning into a Capstone Course

Based on the results of this study, a review of the literature involving experiential
learning and capstone courses, and mounting pressure for active learning, the MIELCC model
was revised to include TBL (Figure 4). This revised model, known as the Model for Integrating
TBL and Experiential Learning into a Capstone Course (MITELCC), conceptualizes the process
of reaping the benefits of experiential learning and capstone courses through the TBL teaching
method.

In the TBL teaching method, students are required to work in teams, solve problems,
make decisions, think critically, and communicate. It is then a natural fit that the beginning of the
funneling process captures the essence of the capstone course components. The receive and
relate stages are tied to the pre-class preparation within the TBL RAP process. Students
complete pre-class preparation (i.e., readings, video review) to acquire the content knowledge,
and then relate it to the IRAT and TRAT for each module. Reflection, Refine, and Reconstruct
are tied to the application component of TBL. Students must actively reflect on the newly
acquired knowledge and then activate it. This knowledge is then transformed through one of the
quadrants in Kolb’s (1984) Experiential Learning Model. This process is repeated for each major
unit of instruction in the course. Relating the concepts of experiential learning and capstone



course components to a specific active learning technique is needed. The MITELCC provides
that relationship, and allows the conceptualization of integrating experiential learning and
various capstone course components into a student-centered teaching method (TBL). AgEdS 450
at ISU is specifically designed to provide an active learning environment for students. Capstone
course components, and experiential learning activities are heavily emphasized in the AgEdS
450 course at ISU as reflected in the course syllabi (McCubbins, 2014).
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Figure 4. Model for Integrating TBL and Experiential Learning into a Capstone Course.
Adapted from “Integrating Experiential Learning into College of Agriculture Capstone Courses:
Implications and Applications for Practitioners” by R. J. Andreasen, 2004. NACTA Journal, 48
(1), p. 52-57. Copyright 2004 by the NACTA Journal.

Data shows that lecture methods are ineffective (Knight & Wood, 2005) and innovative
delivery methods are needed (Conner et al., 2014). Active learning opportunities are needed in
capstone courses (Crunkilton et al., 1997), and TBL has led to increases in specific skills related
to critical thinking (McCubbins et al., 2016). Agricultural education faculty members are
charged with creating meaningful and engaging learning environments (Edgar et al., 2016). The
limited literature available regarding TBL’s implementation in agricultural courses in higher
education warrants further examination.

More specifically, we recommended exploring the effect TBL’s implementation has on
student outcomes. Regarding the Model for Integrating TBL and Experiential Learning into a
Capstone Course, we suggest further research regarding the models’ use and effectiveness. This
is especially needed within capstone courses that follow Crunkilton et al.’s (1997) framework to
determine the impact TBL has on students ability to effectively work in teams, communicate,
solve problems, make decisions, and think critically. The adoption of TBL may inch the
discipline closer to more meaningful and engaging learning environments. It may also assist in
doing the same across disciplines within higher education.
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Shaping Pedagogical Content Knowledge for Experienced Agriculture Teachers in
the Plant Sciences: A Grounded Theory
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Abstract

This grounded theory study explored the pedagogical content knowledge (PCK) of experienced
agriculture teachers in the plant sciences. The most emergent phenomenon to surface from the
data was the influence of beliefs on participants’ PCK. This central phenomenon became the
cornerstone for the model of what was shaping experienced agriculture teachers’ PCK in the
plant sciences. The three major components that shaped the participants’ PCK were: integrated
belief systems, experiences prior to and during inservice, and the influence of the school and
community context. A substantive level theory was developed that illustrated relationships
between these three main components and their impact on participants’ PCK. Recommendations
from this study include conceptualization of experienced agriculture teachers’ PCK for a variety
of agriculture topic areas and exploration into the development of PCK in preservice and
beginning teachers.

Introduction and Review of Literature

The most significant impact on student learning is the teacher and how they use their
knowledge to teach (Darling-Hammond & Bransford, 2005). Research on teaching and learning
has identified two primary knowledge bases important for all teachers to possess: subject matter
expertise and pedagogical content knowledge (PCK) in a specific subject matter field (National
Research Council, 2010). PCK is a teachers’ knowledge of content merged with knowledge of
how to teach that content (Shulman, 1986). In his first article addressing PCK, Shulman (1986)
discussed the historical emphasis on teacher content knowledge, describing exams used for
teacher certification that focused primarily on content knowledge. He claimed research and
reform efforts had since strayed away from valuing content knowledge in teachers and
challenged educators to reassess the importance of content knowledge in relation to pedagogy.

Since its introduction by Shulman (1986), various research studies have been conducted
to further elaborate on the PCK construct. PCK research is one way to conceptualize the
complexity of teacher knowledge necessary for teaching (Gess-Newsome & Lederman, 1999).
PCK research can aid in creating a picture of what teachers do when teaching, relate teaching to
student learning, and further establish content knowledge alone does not make an individual
qualified to teach (Kind, 2009). Exploration of PCK in a variety of disciplines can contribute to a
further understanding of the knowledge and skills that make teachers effective (Abell, 2008).
Research has indicated ways to strengthen PCK in teachers could lead to increased student
progress and student learning (Baumert et al., 2010; Hill, Rowan, & Ball, 2005).

PCK is not just important; it is arguably the most important knowledge base a teacher can
possess. Specifically in agricultural education, PCK is considered critical for effective teaching
(Knobloch, 2002; Roberts & Kitchel, 2010). Agriculture teachers” PCK influences their choice
of teaching strategies, approach to curriculum, assessment methods, and knowledge of their
student base, all within an agriculture context. An example of agriculture teachers’ PCK in the



plant sciences, specifically within the area of greenhouse management and plant growth, could
include knowledge of common student misconceptions. One student misconception related to
this area is plants get their “food’ from the soil and thus need soil to grow (Driver, Squires,
Rushworth, & Wood-Robinson, 1994). If an agriculture teacher is aware of this student
misconception, they may choose to teach a lesson on hydroponics to demonstrate plants can
grow without soil. They may also have students conduct experiments using different growing
mediums in the greenhouse to demonstrate how they influence plant growth. Dispelling this
misconception could pave the way for deeper conversations about photosynthesis. Knowledge of
student misconceptions for a particular topic and the subsequent teaching strategies chosen to
dispel those misconceptions are all grounded in agriculture teachers’ PCK.

Despite the importance of PCK illustrated in the previous example, the agricultural
education discipline does not know what PCK agriculture teachers have or need to have for any
topic within agriculture. Investigating experienced agriculture teachers currently in the field is an
important first step in unpacking agriculture teachers’ PCK. In science education research,
experienced teachers were consulted to develop documents representing detailed PCK for
specific science topics such as genetics and electrical circuits (Loughran, Berry, & Mulhall,
2012). While experience in the field does not guarantee an individual will possess PCK, it does
increase the likelihood PCK has been developed (Hashweh, 2005). A recent study in agricultural
education investigating beginning teachers’ abilities to deconstruct content knowledge for
student understanding concluded this process was impeded by teachers’ lack of content
knowledge and PCK (Rice & Kitchel, 2016). This further substantiates the need to investigate
experienced agriculture teachers. Additionally, because this study is focused on providing a
foundation for future agricultural education PCK research, it is also important to study teachers
with not only teaching experience, but with expertise in a specific agriculture topic.

Purpose of Study

The purpose of this grounded theory study was to both conceptualize PCK for a specific
topic in agriculture and develop a model for investigation and conceptualization of additional
topics. The guiding question aligns with priority four of the 2016-2020 National Research
Agenda- meaningful and engaged learning in all environments (Roberts, Harder, & Brashears,
2016): What is experienced agriculture teachers’ PCK related to the plant sciences?

Methods

The methods used in this study may be similar or identical to methods used in an
extension of this study. I chose the emergent design of grounded theory because of the
exploratory nature of the research question. Agricultural education research in PCK has been
limited and the field does not have a conceptualization of PCK for any topic area within
agriculture. Generating a theory in one particular topic area, plant sciences, can serve as the
foundation for future PCK research in agricultural education. Aiming to better understand the
complexity of social situations and experiences and investigating the processes that shape and
sustain a phenomenon are two defining tenants of grounded theory methodology (Corbin &
Strauss, 2008). Considering PCK is the knowledge teachers use as they plan and go through the
teaching process (Kind, 2009), the decision to apply Corbin and Strauss’s (2008) grounded
theory approach is further supported.



| approached this study from a pragmatic lens. The epistemological roots of grounded
theory rest in pragmatism and interactionism (Strubing, 2007), making this lens appropriate for
the methodology. The purpose of grounded theory is to generate theory from data which are
treated as reality under construction (Strubing, 2007). Key assumptions of grounded theory, such
as the importance of actions and interactions in developing meaning, have roots in the work of
early pragmatist philosophers John Dewey and George Mead (Corbin & Strauss, 2008).
Pragmatists view reality as something that cannot be separated from the researcher because
reality exists as experienced through people. The actor and the environment determine each other
and truth is what is known at the time but is subject to change (Corbin & Strauss, 2008). In
addition to my epistemological lens, it is also important to disclose my positionality because of
its influence on my research (Creswell, 2013). | identify as a former high school agriculture
teacher from a multi-teacher department with a strong background in plant science content. At
present, | am employed as a teacher educator at a land-grant university.

Participants in this study included eight high school agriculture teachers in Missouri with
a minimum of eight years teaching experience. | chose this specific experience range based on
literature stating expertise begins to be achieved for teachers after they have spent approximately
five to eight years in the field (Darling-Hammond & Bransford, 2005). | specifically chose
experienced teachers to increase the likelihood they would possess PCK. Recommendations from
teacher educators regarding teachers’ quality and possession of plant science PCK were used in
the purposeful selection of teachers. All selected teachers had professional development
experiences in plant science and a reputation as an effective teacher by teacher educators. All
participants were located within a 120-mile radius of the university to allow for field work.

Data Sources and Collection

Teachers can demonstrate PCK in different settings. At the 2014 science PCK summit, a
consensual PCK definition developed by researchers indicated PCK emerges in both the
planning and in-the-moment phases of teaching (Carlson et al., 2015). Additionally, reflection is
a key piece of PCK development (Schneider & Plasman, 2011; Van Driel & Berry, 2012), with
knowledge, reasoning, and planning prompting explicit reflection on action and the act of
teaching leading to explicit or tactic reflection in action (Carlson et al., 2015). Hashweh (2005)
asserted experienced teachers develop PCK as a result of planning, teaching, and reflecting on
teaching. To adequately capture agriculture teachers’ PCK in plant sciences, the exploration of
data sources spanning those various settings became important.

I collected the following six sources of qualitative data: pre-observation interviews,
classroom teaching observations, field notes, lesson artifacts, teacher journal reflections, and
post-observation interviews with stimulated recall. Each data source occurred during one of the
three settings above and provided a unique contribution for creating a complete picture of
agriculture teachers” PCK. | collected data during fall 2014 over the course of a single plant
science unit for each participant. Plant science was chosen because it is a common content area
in Missouri, taught by numerous experienced agriculture teachers, and I had the appropriate
content knowledge to recognize and study PCK. I visited each participant on six separate
occasions, totaling 48 visits. | conducted one-on-one semi-structured interviews; each lasting
between 45 minutes to an hour. I conducted all pre-observation interviews prior to teachers
beginning classroom instruction for the plant science unit to capture PCK emerging during the
planning phase of teaching. PCK is partially an internal construct (Baxter & Lederman, 1999),



making interviews an integral part of my data (Padilla & Van Driel, 2011). An example of a pre-
observation interview question was: What preconceptions do students typically have with
concepts in this unit?

I conducted classroom teaching observations to capture PCK emerging during the in-the-
moment teaching phase. For example, if a student displays difficulty grasping a concept during a
lesson, the teacher may or may not demonstrate PCK in response to addressing that difficulty by
explaining the problem in a different way as the lesson unfolds. PCK may not be evident from
one single lesson observation (Loughran, Mulhall, & Berry, 2004); therefore, | conducted two
observation blocks each lasting two days in length. I video recorded observations to capture and
replay instances of PCK during analysis and stimulated recall during post-observation
interviews. Additionally, I wrote field notes to capture instances of PCK emerging during the in-
the-moment teaching phase not evident on the video recording.

I collected two sources of data that spanned the entire plant science unit. I collected
lesson artifacts to capture PCK emerging during both the planning phases and in-the-moment
teaching phases of teaching (see Hume and Berry, 2011). | used teacher journal reflections to
capture PCK emerging during the reflection phase of teaching. The knowledge behind PCK is
often hidden within a teachers’ thought process making it difficult to identify (Kind, 2009). My
limited time in the field and the complex nature of PCK led to a desire to capture the
participants’ thoughts as the unit progressed. After each lesson was complete, the participants
responded to five reflection questions corresponding to that particular lesson. An example of a
reflection question was: What representations, illustrations, or analogies related to content did
you utilize during this lesson and why did you choose those particular strategies?

Finally, I used post-observation interviews with stimulated recall to capture PCK
emerging during the reflection phase of teaching at the conclusion of the unit. I conducted one-
on-one semi-structured interviews lasting between 45 minutes to 90 minutes in length. An
example of a post-observation interview question was: what changes (if any) would you make to
this unit if you were to reteach it again? In addition to general reflection questions based on the
unit, I played a minimum of three video clips from the two teaching observation blocks to
engage the participants in a stimulated recall. Stimulated recall is an introspective technique
designed to allow participants to explain their thought processes and decision making after
hearing or viewing a stimulus to prompt recollections (Mackey & Gass, 2005). Meade,
McMeniman, Wilson, Kanes, and Davey (1991) indicated stimulated recall can be effective for
examining knowledge bases of teachers that underlie their classroom actions.

Data Analysis and Changes to Central Question

I engaged in collection and analysis simultaneously due to the nature of grounded theory
methodology (Corbin & Strauss, 2008). All six data sources were used in data analysis. |
analyzed data using a constant comparative process where data is compared against data,
beginning with the first piece of datum collected to search for similarities and differences
(Corbin & Strauss, 2008). | followed the three step coding process of open, axial, and selective
coding (Corbin & Strauss, 2008). The purpose of open coding is to develop categories, the
purpose of axial coding is to connect categories, and the purpose of selective coding is to create a
story ending in a developed theory (Corbin & Strauss, 2008). To begin the open coding process,

I examined all data sources as they became available for initial codes and adapted my data
collection and analysis based on information needed to saturate a particular idea (Creswell,



2013). Once an initial set of categories had been developed, I identified a pervasive phenomenon
to focus on for this study that served as the central piece of my theory (Creswell, 2013).

It became apparent after the first three interviews that plant sciences was not specific
enough of a topic to be able to adequately describe the participants’ PCK in a way that allowed
for comparisons between participants and ultimately the development of a theory. While all of
the participants taught a plant science unit, the actual unit topics varied. Simultaneous to this
realization, a different phenomenon began to surface. Beginning with the first pre-observation
interviews, the participants discussed their beliefs regarding agricultural education. This was of
particular interest because questions regarding orientations were purposefully left for the post-
observation interviews. When | began open coding, | also noticed this emerging theme of beliefs
that seemed to shape teacher knowledge. In grounded theory, a wide net is cast in the form of a
research question to see what truly emerges from the data (Creswell, 2013). At times the central
phenomenon that emerges from the data demands that the original research question be altered to
reflect the new direction of the study. My original research question was: “What is experienced
agriculture teachers’ PCK related to the plant sciences?” Upon the emergence of the central
phenomenon, the new guiding research question became: “What shapes experienced agricultural
teachers PCK in the plant sciences?” Using this question as my guide, | re-coded existing data
and applied the new research question to all subsequent data collected and analyzed.

The next step in the coding process was axial coding. Utilizing my central phenomenon
as a guide, | continued to analyze the data using the strategies mentioned above. Corbin and
Strauss (2008) describe open coding as breaking the data apart and axial coding as bringing the
data back together in a new, more meaningful way. | analyzed the data for context, conditions,
and consequences (Corbin & Strauss, 2008); to better understand the central phenomenon and
how the categories interrelated. This process helped me to see how beliefs shaped the PCK of my
participants. | kept memos throughout the entire process and reflected upon them during data
collection and analysis. Memos were used not to simply record information but also to analyze
information, making memaos a crucial part of the data analysis process (Corbin & Strauss, 2008).

The final step in the coding process was selective coding. This phase was integral in
developing the theory for this study. During selective coding, the researcher attempts to create a
story from the data by interrelating categories related to the central phenomenon (Creswell,
2013). 1 was able to establish linkages between my core categories and how they influenced PCK
of the participants. During the selective coding phase, | asked follow-up questions of my
participants in an attempt to answer any questions that still remained regarding the context and
dimensions of my theory and to achieve saturation (Corbin & Strauss, 2008). Diagrams were
utilized to display how the theory fit together and changed throughout the process. | attempted to
reach a level of abstraction from the data (Corbin & Strauss, 2008) and tie together the different
elements of the theory. The final result was the development of a substantive theory that
explained the central phenomenon. This theory developed over time with assistance from
participants, various models were developed as the study progressed, and follow-up questions
were asked to refine lingering questions about connections in the data.

Validation Strategies

Creswell (2013) described evaluation measures specifically for a grounded theory study.
These measures include: study of a process, coding process emerges from the data to the theory,
theory is presented in a figure or diagram, a story line connects the categories, memoing is used



throughout the process, theoretical sampling is conducted, and reflexivity and positionality are
addressed. To meet the process criterion, | developed a research question associated with a
process. Additionally, the pervasive concept that served as the central point to the theory was
based around a social process. To meet the coding process criterion, | engaged in open, axial, and
selective coding (Corbin & Strauss, 2008). | utilized rich, thick description of the data itself to
demonstrate how the theory emerged from the data. | presented the theory as a diagram and a
story line was used to connect the concepts of the theory. | used memoing throughout the
research process and it was an instrumental tool in surfacing the central phenomenon,
establishing connections between categories, and refining the overall substantive theory. |
elected to not utilize theoretical sampling in the traditional sense of sampling additional
participants to contribute to the developing theory, but instead used it as a means of sampling the
existing data and focusing on events, incidents, and scenes that contributed to the developing
theory (Fassinger, 2005). | addressed reflexivity and positionality by continuously reflecting on
my own previous experiences with content knowledge and PCK to prevent my own biases from
overshadowing the emerging data collection and analysis process.

Findings

Based on the three main themes (beliefs, experiences, and context) a theory was
developed to describe what shapes experienced agriculture teachers” PCK in the plant sciences
(see Figure 1). Throughout the description of the findings, | elaborated on each of the three main
themes in more detail including: connections between themes, the influence of those themes on
the participants’ PCK, and finally how the three main themes coalesce to explain the overall
substantive theory.
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Figure 1. Substantive Theory behind what is Shaping Experienced Agriculture Teachers’ PCK in
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The integrated belief systems theme was presented first because it was the most emergent
theme in the study. This theme has previously been described in Rice and Kitchel (in press), as it
was the richest of the three themes and warranted a thorough unpacking in its own manuscript.
To achieve clarity in the connections between the three main themes and their contribution to the
overall theory, | described the integrated beliefs system theme again in this manuscript.

Integrated Belief Systems and their Connection with Teachers’ PCK

The first major theme shaping the PCK of experienced agriculture teachers in the plant
sciences was integrated belief systems. Integrated belief systems were comprised of three main
components: beliefs about the purpose of agricultural education, beliefs about plant science
education, and beliefs about teaching and learning in agricultural education. These three
components interacted with each other to form the participants’ integrated belief systems. After
some contemplation and discussion with participants, it began to emerge that their individual
beliefs regarding the purpose of agricultural education in general (not plant science specific)
seemed to directly influence their other beliefs within the integrated belief systems. The
participants’ specific beliefs about plant science education and beliefs about teaching and
learning mirrored their overall beliefs about the purpose of agricultural education.

Beliefs about the purpose of agriculture included five different views: career preparation,
college preparation, agricultural literacy, practical life skills, and student individualization. Clint
demonstrated how important beliefs were to his teaching and the structure of his agriculture
program. “I really pride this program on its ability to prepare a student to go to a 4 year college
while that student is sitting right next to someone who is only going to graduate.” Beliefs about
plant science education that emerged from the data included beliefs about the purpose of the
school greenhouse (teaching lab vs. production facility), belief that science integration was an
important component to plant science, and the belief that students possess more plant science
prior knowledge than other agriculture subjects. When describing her balance of student work in
the greenhouse, Allison said, “I think their primary role is to be students and learn the ends and
outs, but I also think they obviously have to be the labor force behind everything you grow.”

Finally, beliefs about teaching and learning included: belief that it is the teachers’
responsibility to be a lifelong learner and reflector, belief that students played a substantial role
in determining the agriculture content taught, and belief that students learn best through hands-on
experience. Utilizing stimulated recall, the majority of participants described a variety of
instructional strategies for teaching the same piece of content and all expressed aspects of their
lessons they planned to alter for improvement. For example, James discussed in a post-
observation interview that his students were not effectively grasping plant diseases and
contemplated utilizing a disease triangle handout to increase student comprehension. To sum up
the importance of reflection Clint stated, “I truly believe sincerely practicing daily reflection of
the educational process leads to pedagogical growth as a professional.”

Experiences Prior to and During Inservice and their Connection with Teachers’ PCK

Many of the participants’ experiences prior to inservice directly influenced the
participants’ PCK in the plant sciences. One participant in particular, Clint, often discussed the
role of his own high school experiences on his PCK. Clint provided justification for relying
heavily on his high school experiences. “I believe the way | learned in high school, or still learn,



is not much different than the way these students are learning.... | was a run of the mill average
student.” Since Clint considered himself the “average” student, he felt the way he learned best
was also the way his students’ learned best. Consequently, he felt a need to develop strategies to
teach content in that way. Experiences prior to inservice, particularly teacher preparation, did not
always have the influence on PCK the participants’ expected. For example, my first question in
my pre-observation interview with Cora was, “Tell me a little bit about your background as a
plant science teacher.” Cora’s answer to this question took an unexpected turn when she voiced
her lack of preparation in plant sciences after college, “When you come out as an ag teacher you
feel overwhelmed in that you have so many different areas you have to teach, you have not been
able to specialize.” This quote acknowledged that while experiences prior to inservice could
influence participants’ PCK, they may not always have the influence teacher educators expect.

Experiences in the classroom also directly influenced participants’ PCK. Specifically,
classroom experiences developed knowledge about student misconceptions with content and
ways to present content to counteract student misconceptions. In a journal reflection, Dawn
described how her classroom experiences with student misconceptions altered her teaching
strategies for approaching that content. “Students were having a difficult time understanding
basic plant science concepts and plant parts. The 2" day of the lesson, | brought in cuttings so
students would have visual representations of the various plants.” Experiences in the classroom
directly related to the participants’ knowledge of content and students. Many of the participants
described the use of visual examples and real life applications as effective ways to teach
agriculture content. Dawn said, “I try to make analogies which would relate specifically to
students’ home situations or items they can relate to outside of the school setting.” Another
important influence of experiences on PCK development is simply the experience of teaching the
content. Cora described how she sequenced the content for her greenhouse class, and why she
sequenced the content in that particular way. When | asked where she developed the knowledge
to complete this task, she replied “through experience in the classroom.”

Professional development experiences also directly influenced participants” PCK. Cora
illustrated just how important a greenhouse course was on her plant science PCK. “I knew that |
was going to get a greenhouse and so | made sure to sign up that summer to take that class.”
Cora went on to describe how she utilized experts to help her gain the necessary PCK to teach
students how to raise poinsettias. However, professional development for mid-career teachers
was a concern for participants. Dawn, Kelly, and Allison all mentioned a desire for professional
development that focused on teachers with over 5 years’ experience. Allison commented, “I
don’t typically go to professional development for greenhouse or things like that because most of
the time it’s lower than what | need.” The point in time that the participant learned the content in
their career was another contextual component that influenced participants” PCK. Cora reflected
on her experiences taking a greenhouse class as a beginning teacher. “I wish | had time to go
though as a refresher because there are so many things now that | took away as a beginning
teacher that would be totally different from what | would take away now.”

Contextual Influencers and their Connection with Teachers’ PCK

The most emergent contextual influencer in agricultural education was the role of the
community, specifically the type of agriculture in the community (e.g. forages production or
local greenhouses). Clint summarized its influence, “To be successful | believe you have to have
a needs assessment, know what the needs of this community are agriculturally, and that’s what



you teach.” Allison and Dawn mentioned their advisory councils, which are bodies of
community stakeholders that meet periodically and advise the local agriculture teacher(s) and
department (Talbert et al., 2005). These councils can also influence the PCK a teacher develops
because of their potential direct influence on the agriculture program. Sometimes the community
had specific expectations. Clint, who had a substantial community influence on his program said,
“Parents, alumni, community members, ag community, they expect students to leave this
program knowing about forages.” This attention to the livelihood of the community altered the
quantity, quality, and depth of PCK participants developed for a topic area.

Another contextual influencer specifically related to agriculture is the structure of career
development events (CDESs) through FFA as an intra-curricular part of agricultural education.
The participants varied in the amount of influence CDEs had on their PCK. James said, “I would
say CDE’s play a significant role as the objectives for many CDE’s are the same as major parts
of my classes.” Many of the participants also chose the students to compete in career
development events from their classes and utilized teaching the contest as a way to get students
engaged in learning the content. CDEs for Missouri agriculture teachers involved more than just
FFA involvement and application of curriculum. In Missouri, CDE results of students influenced
funding for agriculture programs. This assessment method contributed to the type of knowledge
participants developed because many felt the need to teach to the test.

In addition to agriculture specific contextual influencers, there was also the influence of
the participants’ school structure and available resources. Being in a multi-teacher or single
teacher department influenced PCK. Dawn said, “If you’re a single teacher, you need to be
broad-ranged. For me, | knew | wanted to teach in a multi-teacher and | knew that’s where my
interest areas were so it made it a lot easier to specialize.” It is interesting to note that all of the
participants in the study who were purposefully selected because they demonstrated strong PCK
in plant sciences were all located in multi-teacher programs and had the opportunity for the
majority of their careers to specialize in plant sciences. Related to the type of department was the
type of school. Participants who emphasized content or skills based professional development
were all based at area career centers. Facilities and monetary resources influenced participants’
abilities to seek out professional development opportunities and invest in supplies for their
classroom. CASE, an agriculture instructional curriculum, had a cost attached to preparation and
implementation. Dawn expressed cost and limited resources were barriers to her pursuing this
type of curriculum, which focuses on science applications of agriculture. If participants were
operating under a constricted budget this influenced the type of activities they did in their
classroom, which also limited their PCK for various teaching methods in plant science.

Summary: Connection of Themes to the Substantive Theory

Within this substantive theory, all three themes (beliefs, experiences, and context)
influenced PCK directly in a variety of ways. Additionally, experiences can alter beliefs, beliefs
can determine experiences pursued, and teachers are always developing new knowledge for
teaching within a particular context. Development of PCK occurs over the course of a teachers’
entire career. The first experiences participants surfaced as having a profound influence on
shaping their PCK began with their high school agriculture classes, with the exception of
participants who grew up on a production farming operation. These experiences prior to
inservice directly influenced PCK. Experiences during inservice were more heavily influenced



by context and had linkages with the integrated belief system. Contextual influencers unique to
agricultural education such as FFA, CDEs, and the community context were a critical part of this
overall model because they heavily influenced the other components. Finally, the integrated
belief system was the most emergent phenomenon in the overall theory with beliefs about plant
science education and beliefs about teaching and learning in agricultural education mirroring
beliefs about the purpose of agricultural education.

Discussion

The substantive theory developed from this study depicted PCK as a continuously
evolving fluid knowledge base throughout a teachers’ career. This echoes findings from previous
studies in other educational disciplines that describe PCK as an ongoing cyclical process
(Hashweh, 2005; Lee, 2011). The three main themes involved in the PCK shaping process that
emerged from this study (beliefs, experiences, and context) have been included in various PCK
studies and models; however, there has been a lack of depth when examining these shapers of
PCK in the literature (Friedrichsen, Van Driel, & Abell, 2010). Overall, the influence of the
integrated belief systems on participants’ PCK warrants further attention to teacher beliefs in
future preservice teacher education and inservice professional development. These individual
beliefs could be seen throughout various data sources and greatly impacted the various strategies
the participants utilized in the classroom. Because of the personal nature of beliefs, it is possible
many agriculture teachers have not discussed how these beliefs impact their teaching.

Experiences also had a significant influence on the participants’ PCK. Grossman (1990)
identified sources of PCK development including: classroom observations, university
coursework, experiences in the classroom inservice, and professional development. All of these
sources were mentioned by participants in some capacity as influential sources of PCK. One
source that may be unique to agricultural education is the influence of participants’ high school
experiences in agricultural education on their PCK. Multiple participants expressed their first
sources of plant science knowledge were their high school experiences and they often taught in
similar ways to their high school agriculture teacher, even James who had been teaching for 28
years. This is consistent with teaching and learning literature that stated the majority of teachers
will teach in ways similar to how they were taught as students (Darling-Hammond & Bransford,
2005) and high school experiences were an important source of content knowledge and PCK for
inservice agriculture teachers (Rice & Kitchel, 2015). However, utilizing high school
experiences as sources of knowledge could be problematic as both agriculture content
information and pedagogical information changes over time.

While teacher preparation programs are an important source of knowledge for agriculture
teachers (Rice & Kitchel, 2015), data from this study indicated they may not have as much of an
influence on PCK development as could be anticipated. The most influential teacher preparation
experience from all participants was student teaching, which is consistent with agricultural
education literature (Edwards & Briers, 2001). Student teaching was when many of the
participants began heavily engaging in the learning and reflecting process and when they were
able to apply their newly forming PCK to teaching real-life students.

All of the participants in this study were in multi-teacher programs. This was not planned
as these teachers were simply recommended as having PCK in the plant sciences, were located
within close proximity to the university so field work could be conducted, and had at least eight



years of classroom experience. It is possible that being located in a multi-teacher program
positively affected their PCK development because the participants had more of an opportunity
to specialize in fewer areas of agricultural education. Since PCK is topic specific (Carlson at al.,
2015; Etkina, 2010; Van Driel & Berry, 2012), developing PCK in a variety of agriculture topics
within various content areas could be challenging, particularly in a single teacher department.
However, the reality remains that many agriculture programs across the nation are still single
teacher programs and those teachers are responsible for teaching a variety of agriculture content.

Finally, context greatly influenced the PCK of experienced agriculture teachers. Since the
beginning of agriculture programs, agriculture teachers have been encouraged to utilize their
teaching autonomy to design their agriculture programs around their local communities (Talbert
et al., 2005). Talbert et al. (2005) also claimed that even in states with mandated curriculum the
local agriculture teachers should practice autonomy and address local community needs. This
common desire to teach to the needs of the local community had interesting implications on
participants’ PCK. If the surrounding community had careers available in agriculture, the
participants were more likely to include a career or college preparatory focus as their purpose of
agricultural education. Particularly in the plant sciences, the community influenced what the
participants grew in the greenhouse, contributed to the participants’ decision to utilize the
greenhouse for production vs. laboratory, and often provided important supplemental knowledge
to the participants in the plant sciences. Talbert et al. (2005) acknowledged agriculture teachers
cannot know everything about their subject matter and emphasized the importance of local
community partnerships to supplement knowledge.

Depending on the influence of the local community, participants in the study sought out
different types of knowledge and engaged in different professional development experiences.
Clint for example, who was located in a community with substantial forage production,
described professional development he attended specifically in grasslands to better meet the
individual needs of his community. Additionally, participants expressed a desire to teach to the
interests and needs of their students, which related to the local community influence. If the
agricultural education discipline as a whole desires to maintain a community focus, then tools for
knowledge development related to individual communities must be provided to preservice
teachers by teacher preparation programs. Additionally, encouragement to develop advisory
councils, a groups of stakeholders in the community that advise agriculture programs (Talbert et
al., 2005), could also assist beginning teachers in meeting the needs of their communities.

Recommendations for Practice

Clint discussed that he engaged in agriculture experiences outside of his strength areas
and made an effort to develop new content knowledge and PCK. Kelly and Dawn also
supplemented their knowledge with work experience during college and held the belief that
teachers should be lifelong learners and reflectors. If current preservice teachers are not
inherently engaging in this type of behavior, as predicted by Cora and Clint, it is partially the
responsibility of teacher preparation programs to provide assistance. Perhaps an exam when
students enter teacher preparation programs to identify weaker areas of content or advising
sessions that address the need for additional knowledge in agriculture content during college
could assist future teachers. Teacher preparation plans of study often include elective courses in
agriculture content that could also be utilized to enhance content knowledge and PCK if
purposefully selected. For students who do not come from agriculture backgrounds, internships



and work experiences during college could be a way to supplement their agriculture knowledge
and should be encouraged by teacher preparation programs.

While experiences prior to inservice did have an influence on participants’ PCK,
experiences in the classroom during inservice were the most influential experiences, which is
consistent with previous literature (Gess-Newsome & Lederman, 1999; Hashweh, 2005). These
experiences were especially impactful when they were combined with in-depth reflection
(Hashweh, 2005). It is again recommended that teacher preparation programs provide preservice
teachers with the tools to reflect on practice and establish the need for reflecting on practice
during inservice. It should not be assumed by agriculture teacher educators that preservice
teachers will develop positive reflection habits on their own.

PCK development is not complete when students graduate and receive their initial teacher
certification. In fact, the PCK development trajectory continues to occur long after teacher
preparation (Abell et al., 2009). Therefore, it is recommended the quantity and quality of
professional development for inservice teachers should also increase. There is evidence from the
literature that professional development can impact the PCK of beginning teachers (Clermont et
al., 1994). The participants in this study also indicated that professional development for mid-
career teachers was not always applicable to their situations. They expressed a desire for
professional development that delved deeper into the content, professional development separate
from beginning teachers when appropriate, and lower cost associated with professional
development. Popular professional development programs, such as CASE, were not explored by
the participants in this study primarily due to cost. Teacher preparation programs, agriculture
content professors, state agriculture staff, and community stakeholders should collaborate to
develop professional development that is useful for teachers at all stages of their careers.

Recommendations for Research

Part of the struggle with PCK research is capturing this illusive knowledge base (Kind,
2009). The exploratory nature of this study also led to thoughts on future data sources for PCK.
Conducting lesson creation and analysis similar to Friedrichsen and Dana (2005) or completing
CoRe or PaPeRs (Loughran et al., 2004) might be helpful in examining PCK more specifically
for an agriculture topic. This data source could also supplement classroom observations. Journal
reflections were a surprisingly insightful data source for participants in this study. If journal
reflections contain directed questions and teachers are given adequate time to complete the
reflection, this could be a valuable data source for future agricultural education PCK research. It
might also be interesting to examine beginning teachers’ reflections and compare them to
experienced agriculture teachers’ reflections.

Examination of what shapes PCK specifically in agriculture teachers can serve as a
starting point for future PCK development studies specifically in agricultural education. Data
from this study points to inservice experiences as the most impactful type of experience, but
teacher preparation programs and student teaching did serve a role in shaping participants’ PCK.
This substantive level theory can be utilized as a guide for both future research and as knowledge
for teacher preparation programs. The data from this study also raises philosophical questions
about the true purpose of agricultural education and how these beliefs influence teacher PCK and
subsequently classroom teaching. There is a need to explore teacher beliefs about the purpose of
agricultural education more in-depth because of the influence it had on the other components of



the integrated belief system and the other themes shaping PCK. It is uncertain when these beliefs
begin to develop and what has the most impact on these beliefs.

Finally, there is a need for further PCK research in agricultural education.
Conceptualization of experienced agriculture teachers’ PCK for a variety of agriculture topic
areas, including plant science, is still needed in the agricultural education discipline.
Additionally, exploration into the development of PCK in preservice and beginning teachers will
also be critical future research. Data from this study surfaced influencers of PCK that may be
unique to the agricultural education. Examining the influence of high school experiences on
PCK, community influence and teacher autonomy on PCK, and the tradition of manual skill
development and career preparation on PCK could provide important knowledge not only for the
agricultural education discipline, but also the body of PCK research as a whole.
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Abstract

A pressing concern in all agricultural mechanics courses is safety. Lab activities have an
inherent propensity to cause serious injury. The safety practices which are taught by teachers
are largely dependent on the equipment in the laboratory and the resources available to the
program. It has been posited by different researchers that problems have existed in the safe
instruction of agricultural mechanics for some time. This study sought to determine how safety is
taught, what equipment instructors use and attitudes towards teaching safety of agricultural
mechanics teachers. The majority of instructors were certified in first aid and felt confident to
use that training in the event of an emergency. The average teacher was found to teach high
enrolment labs and furnished at no cost to the student eye protection in the form of safety glasses
with side shields. It was found that teachers’ agreed that safety instruction in the lab was
important, especially involving power tools, electricity and industrial quality eye protection.
Agricultural programs should be evaluated regularly for inadequate conditions that may exist in
facilities, equipment, and safety. Additional research is needed targeting what barriers
potentially exist with teachers using recommended safety practices in the instruction of
agricultural mechanics.

Introduction

Among the myriad of responsibilities affixed upon the shoulders of agricultural mechanization
teachers, the most pressing responsibility is maintaining laboratory safety. Laboratory activities
such as metal working, agricultural machinery repair, and wood working have an inherent
propensity to cause serious injury or death to the students and instructors. With that said, it is
imperative that teachers maintain a high regard for safety by providing adequate supervision to
students working in the laboratory, and teaching students safety procedures to follow when
working with tools and equipment. Saucier and McKim (2011) indicated that the largest areas of
need for preservice teachers in Texas were repairing and maintaining equipment and safety in the
laboratory. Although, ensuring student safety is a moral obligation of agricultural mechanics
teachers, failure to properly maintain a safe working environment can be associated with legal
ramifications for teachers (Gliem & Hard, 1988).

According Phipps, Osborne, Dyer & Ball (2008), laboratory activities constitute a large part of
most agricultural education programs. Agricultural laboratories serve many purposes and provide
inquiry-based learning environments for students. Along with traditional agricultural mechanics
laboratories, secondary agricultural programs utilize laboratories such as greenhouses,
aquaponics centers, and livestock facilities. Each laboratory possesses unique dangers, but due to
the nature of agricultural mechanics laboratories, injuries in these labs are commonplace. One



aspect of agricultural mechanics which heightens the propensity for injuries is student-based
construction.

At an industry standpoint, construction is also one of the most dangerous industries in the world
(Brunette, 2004; Cheng, Lin & Leu, 2010). There are many job practices in the realm of
agriculture mechanics which intersect with practices in the construction industry (i.e. use of
power tools, metal fabrication, etc.). Schooner, Bonauto, Silverton, Adams, and Clark (2010)
noted these industries were particularly dangerous because workers lack the appropriate safety
training. Furthermore, Pinto, Nunes and Ribeiro (2011) indicated a lack of occupational risk
assessment (ORA) and safety culture among future employees in these industries.

In regard to both industry and educational settings, enhancing safety climate in work and
learning environments is vitally important. Cultivating a culture of safety in students early is a
key to reducing laboratory-based injuries (Gillen, Goldenhar, Hecher, & Schneider, 2013). Along
with safety climate, Torner and Pousette (2009) added that project characteristics and individual
competencies/attitudes are main components contributing to safety standards. Agricultural
mechanics, a facet of career and technical education (CTE), aims to prepare students for future
careers in various industries. Exposing students to a culture focused on safety in the school
setting can bolster students’ competencies of safety, and can result in reduced future workforce
injuries.

A multitude of previous studies have noted that agricultural education preservice teachers’ fail to
receive adequate laboratory safety education prior to their first year of teaching (Dyer &
Andreasen, 1999; Swan, 1992). The adequacy of teacher preparation programs providing pre-
service safety education is important. One possible culprit of the problem is the reduction of
credit-hours in undergraduate programs, restricting the implementation of additional agricultural
mechanics courses which address safety issues. In support of this notion, Burris, Robinson, and
Terry (2005) found that teacher preparation professionals believed agricultural mechanization
instruction was important in pre-service programs, yet they indicated the pre-service teachers
received less than adequate instruction for the duties they would encounter as a teacher. On the
other hand, Lawver (1992) posited that teachers were using recommended safety practices, but
failed to provide the practices to the extent warranted when working in a dangerous environment.
Along with the noted shortcomings of teachers in regard to knowledge and application of shop
safety, Walter (2002) noted agricultural laboratories are lacking in the following areas:
appropriate posting of warning signs, appropriate implementation of safety inspections, and the
use of proper personal protective equipment (PPE).

According to Bear and Hoerner (1986), (1) identifying the safety practices taught, (2) the
instructional methods by which the teacher informs their students of safety practices, and (3) an
investigation of available safety equipment are the three components which must be observed to
assess the safety of an agricultural mechanics laboratory. The instructional methods used to teach
safety practices varies from teacher-to-teacher. Previous research (Lawver, 1992; Dyer &
Andreason, 1999) indicated the most common instructional methods used in agricultural
mechanics are demonstrations, worksheets, and videos. Burris et al. (2005) noted the
demonstration of safety techniques was essential in laboratory settings. In agreement with Burris



et al., Harper (1984) found that when teachers demonstrated appropriate safety practices,
students were more safety conscious and demonstrated a deeper understanding of safety.

The safety practices which are taught by teachers is largely dependent on the equipment in the
laboratory and the resources available to the program. Aside from instruction of safety
procedures taught about specific equipment, eye protection safety has been previously noted as a
topic which is commonly addressed with high priority (Chumbley, 2015; Lawver & Fraze,
1995). Similar to safety instruction on equipment, training students about PPE is contingent on
the tools and machinery used in the agricultural mechanics laboratory. In a laboratory safety
practices study conducted in New Mexico, Chumbley (2015) found that industrial quality eye
protection, welding gloves, hearing protection, and a shop coat were the most commonly used
PPE in the agricultural education laboratory.

While teachers have rated teaching safety as a high priority, their knowledge concerning the
management of an agricultural mechanics laboratory has shown to be low. As previously noted,
Saucier and McKim (2011) identified laboratory safety and instruction as an area of professional
development need for Texas teachers. Approximately 80% of Texas high school agricultural
science programs offer some type of agricultural mechanics course (January 2017, Texas State
FFA personal communication). To determine the structure of professional development to bolster
teachers’ ability to teach laboratory safety, it is first important to determine how safety
procedures are currently being taught in Texas programs. Hence, there was a need to examine the
agricultural safety and laboratory management practice of south Texas teachers. Determining the
methods teachers use to provide safety instruction, safety procedures implemented, and personal
protective equipment used assist teacher educators and state leaders in providing appropriate
training and in-service instruction to their stakeholders. Providing effective professional
development is addressed in the National Research Agenda for Agricultural Education, Research
Priority Five: Efficient and Effective Agricultural Education Programs. Thoron, Myers, and
Barrick (2016) noted “research in the context of agricultural education... is needed to evaluate
the effectiveness of these established professional development attributes and can greatly
improve the body of knowledge on effective professional development” (p. 45). Along with
these aspects contributing to effective professional development, the ultimate benefit of this
research was to provide a safer learning environment for students and instructors in agricultural
mechanics laboratories.

Theoretical Framework

The theoretical framework for this study was based around the theory of planned behavior
(Azjen, 1985), which is an extension of the theory of reasoned action (Fishbein & Azjen, 1975;
Azjen & Fishbein, 1980). The theory of reasoned action depicts the psychological process by
which attitudes cause behavior (Fishbein, 1967). Both were designed to exhibit the relationship
between informational and motivational influences on behavior (Connor & Armitage, 1998). The
theory of planned behavior suggests that behavioral intentions can be best viewed as
consequences of an individual’s attitude.

The theory of planned behavior suggests that demographic variables and knowledge influences
values and beliefs. These in turn affect attitude, intention and behavior. The theories impact the



study of confidence levels and the factors that influence agriculture teacher success in teaching
safety in the agricultural education laboratory. The theory of planned behavior represents
behavior as a function of behavioral intentions and perceived behavioral control (PBC) (Azjen,
1991). Motivational factors are indications of how hard people are willing to try and how much
of an effort they are planning to exert in order to perform the behavior.

Teacher confidence is routinely linked to Bandura’s concept of self-efficacy. This can be
described as a teacher’s judgment of their capabilities to organize and execute courses of action
required to change types of performance (Bandura, 1984). Self-efficacy can enhance or impair
performance through their effects on cognitive, affective, or motivational intervening processes.
It is important to note that a person’s beliefs about their capabilities are not the same as actual
ability, but they are closely related. If a person has low efficacy or confidence in a task, then
their performance in that task is expected to be low (Bandura, 1997). Conversely, higher ability
levels would tend to increase their confidence levels and thus, their level of performance.

As adapted for this study, these theories suggest that agricultural mechanics teachers past
experiences and characteristics influence their decisions to teach specific safety standards in their
courses. This may also have an effect on how teachers deliver instruction on these specific
topics. By understanding teacher confidence and perceptions of teaching safety, researchers will
more likely be able to determine how confident teachers are to successfully implement these
concepts into their courses and agriculture programs.

Objectives

The purpose of this study was to identify the safety practices of South Texas agricultural science
teachers, specifically focusing on underrepresented teacher populations, for teaching safety and
managing an agricultural mechanics laboratory environment. The following objectives guided
this study:

1. To determine demographic and safety characteristics of south Texas agricultural science
teachers.

2. To determine the availability of selected safety equipment and emergency items in south
Texas agricultural mechanics laboratories.

3. To identify the instructional methods and materials used by teachers to teach agricultural
safety.

4. To investigate perceptions held by south Texas agricultural science teachers concerning the
importance of agricultural mechanics safety instruction and practices.

Methods

The target population for this descriptive study was South Texas secondary agricultural science
teachers who offered an agricultural mechanics component within their programs. The majority
of these teachers (82%) identify as Hispanic, an underrepresented population in national
agricultural education (Roberts, Hall, Briers, Gill, Shinn, Larke., & Jaure, 2009). A list of



teachers was obtained from the Texas public education department. Dillman’s Tailored Design
Method (2007) guided the collection of data and correspondence with census participants. The
researcher identified individuals from Texas Area X FFA association for the sample population.
The Texas FFA Association is comprised of 12 administrative subdivisions (i.e., areas). In
general, the areas are separate geographic regions which are realigned every 10 years based on
student membership. In fact, in 2016, the Texas FFA added two additional areas, transitioning
from 10 to 12 areas (see Figure 1). Area X (see Figure 2), located in south Texas, is comprised of
27 counties, 95 FFA chapters, and over 10,000 FFA members (Texas FFA Association, 2016).

Figure 1. Texas FFA Areas (Texas FFA Association, 2016)

Figure 2. Texas FFA Area X (Texas FFA Association, 2016)

This included 192 agriculture science teachers in this region of the state, of which 172 teachers
taught at least one agricultural mechanics course. Those teachers who identified themselves as
teaching at least one course in an agricultural mechanics laboratory (N = 172) were asked to
complete the survey. Teachers were asked to complete an online survey through Surveymonkey,
an online survey software tool. Subjects were contacted up to five times through e-mails from the
researcher. There were 118 respondents to the survey, resulting in a response rate of 69%.
Comparison of early and late responders revealed no significant (p <.05) difference. Non-
response error was not an overt concern due to the descriptive nature of this study. As such, the
results are applicable to the respondents and are not overly generalizable to the non-respondents.

The instrument used for this study was one previously employed by Lawver (1992) to assess
safety practices of teachers in Texas. This instrument is a modified version of an original
instrument developed by Hoerner and Kessler (1989). The instrument used in this study has been
successfully exercised in similar studies of other states (Johnson & Fletcher, 1990; McKim &
Saucier, 2011; Chumbley, 2015). To ensure face and content validity a panel of experts (N = 9)



consisting of five university faculty and four agricultural science teachers were consulted.
Recommendations to update language in the instrument were considered and integrated into the
instrument. Cronbach’s alpha coefficients were used to measure internal consistency in order to
establish reliability. The data revealed a reliability Cronbach’s alpha coefficient of .823.
Nunnally (1978) suggested that Cronbach’s alpha coefficients of .5 -.6 are acceptable in the early
stages of research, with these findings well outside that acceptable range.

Part one of the instrument focused on demographic information and the safety materials most
readily used and available in the agricultural science laboratory. This included information about
years of teaching experience, college hours in agricultural mechanics, number of students
enrolled in the program, what certifications the teacher had received concerning safety and
average number of courses taught. The instrument also sought to identify the number of major
and minor accidents that occurred in the agricultural mechanics laboratory. Injuries in the lab can
vary greatly based on the type of work being performed and environment. Major injuries were
characterized as injuries that resulted in a student not being able to effectively perform laboratory
duties for more than one day after the injury. Examples provided to teachers included second
degree burns, concussions, major falls and broken bones. The researcher felt this was important
as employers with 10 or more employees are required by the Occupational Safety and Health
Administration (OSHA) to report similar information.

The second section solicited responses concerning most commonly used safety practice and
instructional methods utilized for teaching safety. This included questions concerning
availability of PPE, proper equipment storage, instructional strategies used, instructional
materials most often used and other questions related to safety in the agricultural mechanics
laboratory. This section of the survey concluded with questions pertaining to teacher’s
perceptions of safety in the agricultural mechanics laboratory.

Findings

Objective one was to describe characteristics of the South Texas agricultural mechanics
programs and of the teachers who were supervising these programs. As stated earlier in the
manuscript, 82% of the respondents identified as Hispanic. The average respondent had 12 years
teaching experience with the most novice teacher having Y2 a years teaching experience and the
most senior having 39 yrs. teaching experience. Table one illustrates the average number of
college agriculture mechanics courses teachers had taken.

Table 1

Frequency of College Agricultural Mechanics Course Enrollment (n = 118)
Number of Courses Taken f %
None 9 7.63%
1 10 8.47%
2 15 12.71%
3 23 19.49%
4 27 22.88%

5 or more 34 28.81%




Teachers taught an average of one (20; 16.95%), two (20; 16.95%), three (29; 24.58%), four (19;
16.1%), five (12; 10.17%) and six or more (18; 15.25%) of agricultural mechanics courses per
semester. The researchers found that 54% of teachers did not know if they carried any liability
insurance, 15% had none and of those that did, the average amount of liability insurance was for
$100,000. All programs surveyed had some type of separate agricultural mechanics lab with the
average size ranging from 1,000 to 2,000 square feet. Table two describes additional
characteristics of the agricultural mechanics programs.

Table 2

Characteristics of the Agricultural Mechanics Programs (n = 118)

Characteristic M Min Max
Number of Students in Program 192 22 600
Average Class Size 18 4 30

We found that 60% (n = 71) of teachers were certified in first aid compared to 40% (n = 47) who
were not. Of those trained in first aid, 88% of teachers felt confident to use that training in an
emergency. The two most common safety certifications teachers had received included the
National Center for Construction Education and Research (NCCER) and Occupational Safety
and Health Administration (OSHA) safety certifications. Some other safety certifications
teachers identified included university safety certifications and American Welding Society
(AWS). Teachers felt “moderately” to “very well prepared” (94.92%) to provide safety
instruction within their classes. It was found that 56% of teachers kept a written report of all
accidents in their lab.

Objective two was to determine the availability of selected safety equipment and emergency
items in south Texas agricultural mechanics laboratories. Teachers were also asked to respond to
the use of eye protection in their educational laboratories. Full face shields and Spectacles (ANSI
Z87+) with side shields were the most common types of eye protection found in the laboratory
environment. Most teachers were found to provide eye protection to the students at no cost. It
was found that 83% of programs stored safety glasses in the lab either by use of a commercial
cabinet or custom made storage device, the remaining programs had students store glasses on
their own and bring to class. The types of eye protection most often found in the agricultural
mechanics lab and how teachers managed their use are listed in table three.

Table 3
Teachers’ Use of Eye Protection in the Agricultural Mechanics Lab (n = 118)
f %
Most Common Types Used
Full Face Shields 103 92.79
Spectacle with Side Shields 86 77.48
Goggles 79 71.17
Spectacles without Side Shields 52 46.85
How is Eye Protection Provided
School Furnished at No Cost to Student 103 92.79
Students Furnish Their Own 8 7.21

School Provides at a Rental Fee 0 0




The researchers found that teachers had an extensive amount of available safety equipment in the
lab. The most prevalent items found in the lab include industrial quality eye protection, welding
gloves and welding aprons or jackets. The least common safety items found were hard hats, steel
toed boots and fire resistant shirts. Table four provides information about what safety items were
available in the laboratory to students.

Table 4

Frequency and Percentages of Available Safety Equipment (n = 118)

Safety Items f %
Industrial Quality Eye Protection 107 96.40
Welding Gloves 106 95.50
Welding Apron or Jacket 94 84.68
Hearing Protection 83 7477
Shop Coat or Overalls 53 47.75
Respirators 41 36.94
Hard Hats 21 18.92
Steel Toed Boots 11 9.91

Other safety item provided in the lab included welding sleeves, steel toed boots and donated old
welding shirts. The most common safety materials and practices involved the use of fire
extinguishers, industrial quality eye protection, welding gloves, properly marked exits, fire
alarms and eye wash stations. Safety posters, marked safety zones and fire blankets were the
least common safety materials found in the agricultural mechanics laboratories.

Objective three was to identify the instructional methods and materials used by teachers to teach
agricultural safety. Teachers were found to devote a range of times to teaching safety, with 41%
devoted to teaching safety less than a third of their time, 36% devoting 1/3 to half of their time to
teaching safety and the remaining 23% using over half their instructional time teaching safety
topics. Teachers were prompted with the questions “Where do you devote the most time in
teaching safety in agricultural mechanics?”. The researchers found that 25.23% taught safety as a
separate unit, 24.32% taught safety by integrating into each instructional unit and 50.45% taught
safety equally in a separate unit and within other instructional units.

Safety in the agricultural mechanics lab was found to be taught in a variety of ways. The most
common lessons included safety demonstrations with hand tools (97.3%), demonstration lessons
with power tools (95.5%), assessments on laboratory safety exams (94.59%) and using a
laboratory clean up schedule (69.37%). Only 37% utilized routine safety inspections along with
26% designating a cleanup foreman along with the cleanup schedule.

When asked what materials are used to teach safety to their high school students, teachers were
most likely to take advantage of hands-on safety materials (95.5%), videos (90%), worksheets
(89.2%) and computer program (59.2%). Other instructional materials utilized included
transparencies, YouTube, textbooks and local presenters from industry representatives.

Objective four was to investigate what teachers perceived was the most valuable in regards to
safety topics in the agricultural mechanics lab. Respondents were asked to rank the importance
of various agricultural safety instructional topics. The value of each topic was measured on a



Likert-Type scale ranging from 1-5 (1= little importance to 5 = highest importance). Teachers
felt the most important topics were power tool and electrical safety. Respondents felt that the
least important topics were the development of safety posters and accident report forms. Table
five presents a rank order listing of most important topics identified by teachers.

Table 5

Teachers’ Perceptions of Important Safety Topics (n = 118)

Safety Topic M SD
Power Tool Safety 4.61 0.57
Electrical Safety 4.60 0.60
Welding Exhaust Systems 4.40 0.76
Hand Tool Safety 4.40 0.68
Administration of Safety Exams 4.32 0.70
Industrial Quality Eye Protection 4.28 0.53
Laboratory Safety Inspections 3.83 0.95
Accident Report Forms 3.50 1.01
Safety Posters 3.34 0.91

The final question teachers were asked was to rate how well they felt prepared to provide safety
instruction related to various instructional topics. The responses were measured on a five point
scale of 1 = poorly prepared to 5 = very well prepared. Respondents felt the best prepared to
teach the industrial eye protection and welding exhaust systems. They felt the least prepared to
teach various safety topics related to color coding of shop equipment, developing safety posters,
making accident report forms and state safety laws. Table six lists teacher preparedness to teach
various safety topics in rank order.

Table 6

Teachers’ Preparedness to Provide Safety Instruction (n = 118)

Safety Topic M SD
Industrial Quality Eye Protection 4.33 0.74
Welding Exhaust Systems 4.02 0.90
Electrical Safety 3.98 0.82
Clean Up Schedules 3.62 0.89
Developing Safety Posters 3.59 0.96
State Safety Laws 3.51 0.83
Color Coding Safety Equipment 3.50 1.02
Accident Report Forms 3.48 1.02

Conclusions and Recommendations

The purpose of this study was to identify the safety practices of South Texas agricultural science
teachers, specifically focusing on underrepresented teacher populations, for teaching safety and
managing an agricultural mechanics laboratory environment. Since the population of the study
was just a snapshot of professional educators in the state teaching school-based agricultural



education, care should be taken not to generalize these findings outside of the population area.
The population researched of South Texas agricultural mechanics programs revealed that 82% of
the population were identified as Hispanic, had an average (.5 — 39) of 12 years of teaching
experience, and having between one and five or more (1 — 7.63%; > 5 — 28.81%) preparatory
courses in agricultural mechanics in their teacher preparation programs.

As a result of the data collected in this study, it was determined that participants were not
adequately prepared to teach all aspects of safety in a school-based agricultural education
program. A previous study by Chumbley (2015) on Laboratory Safety Practices of New Mexico
Agricultural Science Teachers identified that 88% of the teachers in that state (76% of the
agricultural education programs) engaged in the instruction of school-based agricultural
mechanics (Chumbley, 2015), which is similar to the population in South Texas, where XX% of
schools in the region offer school-based agricultural mechanics in their programs. Burris,
Robinson, and Terry (2005) posited that although faculty in pre-service teacher preparation
programs believed that instruction in agricultural mechanization was essential in pre-service
teacher certification programs, they indicated that instruction was lacking to support the duties
adequately that would be found in school-based agricultural mechanics. With regard to
Bandura’s self-efficacy theory (1984) a teachers’ confidence in the delivery of safety instruction
through school-based agricultural mechanics can be influenced by their past experiences. Could
a lack of sufficient preparation in this area contribute to their inability to adequately provide
instruction in this area? McKim and Saucier (2011) suggested that university based instruction
in agricultural mechanics has diminished in teacher preparation programs since 1981, which
could support inadequate teacher preparedness in providing safety instruction in school-based
agricultural education.

Contradictory to the findings that teachers were not adequately prepared to teach all aspects of an
agricultural mechanics safety program, if was discovered that the researched population felt
“moderately” to “very well prepared” (94.92%) to provide safety instruction within their classes.
Which controverts the findings of Dyer and Andrease (1999) and Swan (1992) who reported that
agricultural education pre-service teachers failed to acquire the skills necessary to instruct
laboratory safety education preceding service in school-based agricultural education programs.
Could it be that an interpretation of preparedness to adequately instruct safety in agricultural
mechanics is directly correlated with their exposure to agricultural mechanics’ teacher
preparation?

The research sought to determine the availability of selected safety equipment and emergency
items in South Texas agricultural mechanics laboratories. It was determined that teachers had an
extensive amount of safety equipment available for their use in the learning laboratory.
Commonly used safety equipment such as industrial quality eye protection, welding gloves, and
welding aprons /jackets were the most prevalent. In practice, safety materials utilized and
discussed in the programs included the most prevalent safety equipment available to the
programs, and additionally included fire extinguishers, properly marked exits, eye wash stations,
as well as the use of properly marked safety exits. In support of this research, Chumbley (2015)
and Lawver and Fraze (1995) found that eye protection was a safety topic commonly addressed
as a high priority item in school-based agricultural mechanics programs. However, the
establishment of marked safety zones, use of safety posters, and fire blankets were the least



common safety protocol utilized, which correlates with the safety topics that those researched
felt the least prepared to teach. Could it be that their past experiences have had a profound
influence on what safety instruction they teach in their courses?

Regarding the approach to instruction of safety, those researched identified that materials utilized
in the instruction of safety were likely to consist of hands-on safety materials (95.5%), videos
(90%), worksheets (89.2%) and computer program (59.2%). This finding was supported by
research conducted by Lawver (1992) as well as Dyer and Andreason (1999) who indicated that
the most common instructional methods utilized to instruct safety consisted of classroom and
laboratory demonstrations, student worksheets, and instructional videos.

Recommendations for Research

As a result of this study, the researchers felt that multiple recommendations existed in both areas
of research, and recommendations for practice. It was determined that participants were not
adequately prepared to teach all aspects of safety in a school-based agricultural education
program. Teacher preparation programs should incorporate research projects in courses where
pre-service teachers have an opportunity to more deeply investigate safety protocol and practices
related to commonly taught areas of agricultural mechanics in the school-based agricultural
education program. Additional research is needed targeting what barriers potentially exist with
teachers using recommended safety practices in the instruction of agricultural mechanics. More
so, cost of laboratory programs, equipment, and consumables (Saucier, Vincent & Anderson,
2014) continues to be a barrier behind inadequate instruction not only in content, but in safety
practices associated with them. Research targeting solutions and their application should be
further conducted.

It was identified through the findings that teachers felt “moderately” to “very well prepared”
(94.92%) to provide safety instruction within their classes. Since the general findings of the
study determined that teachers were ‘in fact’ inadequately prepared to competently provide
safety instruction holistically, does a false sense of confidence and self-efficacy exist? Further
research in this area aligned with Bandura’s self-efficacy theory should occur to see what areas
promote a false sense of self-efficacy. Additionally, is this lack of preparedness limited to
agricultural education? Career and Technical Education (CTE) teachers provide students with
coursework targeting architecture, construction, and manufacturing, much like teachers of
agricultural mechanics. Do CTE teachers lack the skills to adequately teach safety as well? A
research study targeting both agriculture and CTE teacher efficacy levels should be conducted to
see what differences may exist in this area.

Recommendations for Practice

A high percentage of courses are currently offered through school-based agricultural education in
South Texas that target agricultural mechanics. Since this is considered to be a staple in South
Texas as well as in courses offered throughout the United States, pre-service as well as in-service
teachers of agriculture should be adequately prepared to meet the safe needs of their charges.
Professional development on both the university level as well as corporate entities (i.e., Lincoln
Electric, Miller, Briggs and Stratton, Kohler, etc.) should occur for both pre-service and in-



service teachers to help them better teach the subject of agricultural mechanics, not only in
content, but in safety as well.

An evaluation of coursework leading to teacher certification and endorsement should occur in
both agricultural education and Career and Technical Education. Do courses exist in the
different programs that might better prepare future educators to more effectively teach the safety
inherent in their courses? Or might we find that Career and Technical Education programs have
some of the same concerns that are found in agricultural mechanics? Further investigation in this
area should occur.

It has been posited by different researchers that problems have existed in the safe instruction of
agricultural mechanics for some time. The safety of students should be first and foremost in our
everyday practices. Agricultural mechanics programs should be evaluated regularly for
inadequate conditions that may exist not only in facilities, equipment, and safety, but in teacher
preparedness as well, serving as a source of help to not only guide professional development in
agricultural mechanics for teachers, but as a voice with administration on deficiencies that may
exist in the program. In this way teachers may better demonstrate safety practices specific to
content taught in the program, allowing for students to be more safety conscious themselves in
courses that continue to be increasingly popular in school-based agricultural education.
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Career and Technical Education Teachers’ Perceived Tool and Equipment Availability
Related to Teaching Two-Stroke Engines Content: A Preliminary Study

Trent Wells, Ryan Anderson, and Katelyn Anderson
lowa State University

Abstract

Career and technical education (CTE) remains an excellent vehicle for hands-on, minds-on
instructional content that works to prepare students for industry-based settings (Slusher,
Robinson, & Edwards, 2011). Access to appropriate resources for CTE programs, such as
available tools and equipment, can be influential in determining the quality of such coursework
and laboratory management more broadly (McKim & Saucier, 2013). Through the lens of
distributed cognition as our conceptual framework and in the context of a larger preliminary
study rooted in mechanics-based education, we examined the available tools and equipment to
teach two-stroke engines as reported by CTE teachers (N = 20) who participated in a
comprehensive, industry-led two-stroke engines workshop at lowa State University. Echoing the
findings of McCubbins, Anderson, Paulsen, and Wells (2016), the teachers in the present study
reported limited availability of many of the tools and equipment needed to teach two-stroke
engines content within their own programs. Recommendations include replication of this study
on a national scale, the establishment of program and industry partnerships to identify and
procure the necessary tools and equipment for each skill area, and continued professional
development opportunities for teachers in the areas of two-stroke engine inspection,
troubleshooting, repair, theory, and safety.

Introduction

Physical, real-world applications of course content remain a prominent and valuable tenet
within a variety of areas of career and technical education (CTE) (Phipps, Osborne, Dyer, &
Ball, 2008; Wells, Perry, Anderson, Shultz, & Paulsen, 2013; McCubbins, Anderson, Paulsen, &
Wells, 2016). Such instruction allows for hands-on, minds-on learning opportunities that engage
students in new and novel ways (Parr, Edwards, & Leising, 2006). In addition, content based on
phenomena that are well-grounded within the realm of practical applications is extremely
valuable in preparing the workforce of the 21% century (Parr et al., 2006; Young, Edwards, &
Leising, 2009). A prominent example of the use of such content and its aligned educational
opportunities lies within mechanics-based education (Parr et al., 2006). Foundational to perhaps
the largest segment of CTE, school-based agricultural education (SBAE), mechanics education
has been a cornerstone of the CTE learning experience since its inception (Burris, Robinson, &
Terry, 2005).

As the content within mechanics-based education covers a broad swath of fields,
including welding, electricity, small engines, and more (McCubbins, Wells, Anderson, &
Paulsen, in press), the requirements to teach the content associated with differing content areas
can be significantly diverse as well. These differing requirements can include specific training
and prior education, adequate facilities, and available tools and equipment (Byrd, Anderson, &
Paulsen, 2015; McCubbins et al., 2016; Wells et al., 2013). Further, in regard to available



resources, such as available tools and equipment, McCubbins et al. (2016) described potential
ramifications of a lack of availability, including limited instruction in some content or, at worst,
decisions to forego selected content areas entirely. Moreover, as the skills associated with CTE
are frequently sought by industry employers (Slusher, Robinson, & Edwards, 2011), programs
lacking the proper tools and equipment may be producing ill-prepared members of the workforce
of the future.

The lack of available teaching resources (i.e., tools and equipment) has, for quite some
time, been documented in educational fields outside of CTE. Niemann (1970) described the
dissatisfaction held by English Language Arts (ELA) teachers regarding available teaching
equipment. In addition, Crotty (2005) illustrated the lack of available teaching resources had a
negative impact on the training of medical professionals in Australia. Lankford and Mims (1995)
reported that a considerable number of elementary art teachers were desirous for increased
teaching resource budgets. These challenges have been present in CTE as well. Regarding the
CTE field of agricultural education, McKim and Saucier (2013) and Saucier, Vincent, and
Anderson (2014) described the challenges associated with laboratory management factors, such
as procuring materials and equipment, in relation to restrictive budgeting practices that may, in
consequence, inhibit the educational process and, as a result, work to restrict the progress of the
hands-on, minds-on nature of CTE.

Relative to two-stroke engines, McCubbins et al. (2016) found that agricultural education
teachers in lowa frequently lacked the tools and equipment necessary to teach the skills found
within this content area. Moreover, Shultz, Anderson, Shultz, and Paulsen (2014) cited that
agricultural education teachers in lowa believed that teaching two-stroke engines content was
important. Interestingly, the teachers in Shultz et al.’s (2014) study also described that they, for
the most part, possessed a reasonable degree of competence to teach the content area. However,
these studies (McCubbins et al., 2016; Shultz et al., 2014) did not identify specific concepts to be
taught within two-stroke engines content, nor any specific tools or equipment to be used therein.
Perhaps a more thorough and more broadly inclusive investigation of such a topic (e.g.,
examining other areas and stakeholders of CTE, such as industrial technology program teachers)
would be beneficial in understanding the issue of the availability of tools and equipment to teach
two-stroke engines content.

Conceptual Framework

We utilized distributed cognition as the conceptual framework to guide this study. As
described by Nakhleh, Polles, and Malina (2003), the development of knowledge and thought
results from interactions between objects, individual people, and locations. Further, Nakhleh et
al. (2003) illustrated that “[k]nowledge from this viewpoint is a process,... [and] can be
distributed across people and objects in a specific context... [a]nd objects (tools) in the
environment can carry some of that knowledge within themselves” (p. 83-84). More specifically,
in the context of the present study, knowledge was operationalized as CTE teachers’ prior
understanding about two-stroke engines, with the acknowledgment that the development and
advancement of such understanding changes over time and through experiences. Additionally,
the available tools and equipment for teaching two-stroke engines content were cast as the
objects described by Nakhleh et al. (2003).



Interestingly, Nakhleh et al. (2003) rationalized that “people use tools to construct
understanding” (p. 84) and that tools, within the sphere of the educational process, could vary
between contexts to include engine service manuals, torque wrenches, diagnostic software, and
more. This concept, described as tool mediation by Cole and Engestrom (1993), presents tools
not merely as objects used to accomplish a task, but rather acknowledges the varied types, kinds,
and roles that they play within educational settings. These ideas could indicate that perhaps tools
and equipment (such as a crescent wrench or screwdriver) commonly found within mechanics-
based instructional settings (i.e., within an agricultural mechanics or industrial technology
program laboratory) can assist their users (e.g., students, teachers, etc.) to unlock a variety of
mental functions and capacities as problems and issues are encountered and, hopefully,
overcome. Perhaps the tools and equipment used to teach two-stroke engines content may
present more opportunities than meets the eye.

Purpose & Objectives

As the present study was part of a larger study related to the teaching of two-stroke
engines, its purpose was multi-faceted. The first purpose was to create, pilot, and validate a new
instrument related to understanding the teaching of two-stroke engines content within secondary
CTE coursework, while the second purpose was to assess the effectiveness of an industry-led
two-stroke engines instructional workshop. The purpose of this study was to develop an
understanding of the participating teachers’ perceived availability of tools and equipment related
to two-stroke engines instruction. To accomplish and guide these purposes, the following
objectives were established:

1) Describe teachers’ availability of tools and equipment used to teach two-stroke engine
inspection and troubleshooting.

2) Describe teachers’ availability of tools and equipment used to teach two-stroke engine
repair.

3) Describe teachers’ availability of tools and equipment used to teach two-stroke engine
safety and theory.

The purpose and objectives of our study aligned with the National Research Agenda
(NRA) of the American Association for Agricultural Education (AAAE). More specifically, the
present study aligns with Research Priority 5 of the AAAE NRA, Efficient and Effective
Agricultural Education Programs. This study also is congruent with the National Career and
Technical Education Research Agenda Research Problem (RPA) 5: Program Relevance and
Effectiveness (Lambeth, Elliot, & Joerger, 2008). As identified by Roberts, Harder, and
Brashears (2016), advances within industry have helped to drive and dictate the need for skilled
and knowledgeable educational professionals, such as agricultural education and industrial
technology teachers, who are capable of adequately utilizing available resources, such as
available tools and equipment, to reach and teach the future members of the industrial workforce.
Moreover, well-maintained and well-operated educational programs can contribute much to the
short- and long-term success of secondary students, as described by Roberts et al. (2016); thus,



the availability of necessary and proper teaching tools and equipment can positively impact the
learning environment as well (McCubbins et al., 2016). As such, the availability of such tools
and equipment can have a direct impact on the long-term sustainability and effectiveness of a
mechanics-based learning environment (McCubbins et al., 2016).

Methods

As part of a larger study, the population of the current study consisted of 20 (N = 20)
CTE teachers from several states across the United States. The two content areas taught by this
population of teachers included agricultural education and industrial technology. These teachers
participated in an intensive two-stroke engines workshop held at lowa State University’s
agricultural mechanics teaching laboratory. The focus of the workshop was instruction related to
a wide variety of areas related to two-stroke engine service, testing, repair, and so forth. Prior to
the workshop activities, we developed a research instrument designed to gather data related to
two-stroke engines instruction conducted within secondary schools. This instrument addressed a
variety of areas, including curriculum availability, skill performance competency, teaching
competency, etc., and as designed to be used to collect pre- and post-workshop data. A panel of
10 experts with varying backgrounds that included agricultural education teacher educators with
experience teaching agricultural mechanics courses and two-stroke engine technical trainers were
consulted as the instrument was constructed. These experts identified 51 different skill areas
commonly taught within two-stroke engines instruction. The panel of experts also served to
review the instrument for face and content validity, and ultimately determined that this
instrument was suitable for use within this study. Two of the agricultural education teacher
education experts participated in the workshop and provided additional feedback and suggestions
about the instrument.

Prior to the workshop, Institutional Review Board (IRB) permission was granted to
conduct the present study. On the first day of the workshop, all 20 teachers were informed about
the nature of the study and were asked to complete a paper-based pre-workshop instrument. The
pre-workshop instrument contained questions related to a variety of topics related to two-stroke
engines instruction, including the perceived availability of tools and equipment for teaching the
selected two-stroke engines topics and content. Prior to the start of the workshop, approximately
30 minutes were allocated for the data collection process. It should be noted that because the
present study is preliminary in nature and its population was fairly small, a paper-based
instrument was used to collect data. The two-stroke engines workshop was organized and led by
a technical trainer from industry who was not affiliated with either this study or our institution.
At the conclusion of the second and final day of the workshop, teachers were asked to complete
the post-workshop instrument. The post-workshop instrument contained additional questions
related to two-stroke engines instruction. It should be noted that data related to tool and
equipment availability were collected only during the pre-workshop phase. We assumed that the
tools and equipment that teachers had available to them within their respective programs would
not change during the course of the workshop. Therefore, it was not necessary to collect these
data during the pre- and post-workshop phases. Approximately 30 minutes were allocated for the
data collection process, and teachers were dismissed after completing their instruments. Using
the Statistical Package for the Social Sciences (SPSS) 24.0 software, all collected data were
coded and entered into the data set used within this study. All data were analyzed using



descriptive statistics; more specifically, frequencies and percentages were used. Because the
present study was preliminary in nature, reliability scores for each section of the instrument were
calculated through a post-hoc analysis, and Cronbach’s alpha coefficients are reported in Table 1
below. Per George and Mallery (2003), all of these construct coefficients below were rated as
Excellent.

Table 1
Cronbach’s Alpha Scores for Instrument Constructs
Construct Item Cronbach’s Alpha Score
Tools and equipment available to teach inspection and testing a=.981
Tools and equipment available to teach safety and theory a=.979
Tools and equipment available to teach repair a=.958
Results

The typical teacher in this study was male (f = 18, 90%), held a bachelor’s degree (f =
16, 80%), taught agricultural education coursework (f = 11, 55%), was 38.55 years old, and had
taught for 13.70 years. Further, the typical teacher (f = 14, 70%) had successfully passed the
Stihl Bronze Certification modules online prior to attending the workshop.

The purpose of the present study was to develop an understanding of the teachers’
perceived availability of tools and equipment related to two-stroke engines instruction. Fifty-one
skill areas were divided into three constructs which included Tools and equipment available to
teach inspection and testing, Tools and equipment available to teach repair, and Tools and
equipment available to teach safety and theory. The individual items represented specific skills
found within each of the construct areas. Each item, in terms of tool and equipment availability,
was rated using the following five-point summated scale: None/Very Poor, Below Average,
Average, Above Average, and Excellent. Grand means and standard deviations were calculated
for each of the constructs. The Tools and equipment available to teach repair construct had the
highest grand mean of 2.85, with a standard deviation of 0.879; on the converse, the Tools and
equipment available to teach safety and theory had the lowest grand mean of 2.75, with a
standard deviation of 1.035. Table 2 below describes the grand means and standard deviations
for each construct.

Table 2

Two-Stroke Engines Skill Area Tool and Equipment Availability Grand Means and Standard
Deviation by Construct

Construct M SD
Tools and equipment available to teach repair 2.85 0.879
Tools and equipment available to teach inspection and testing 2.78 0.891
Tools and equipment available to teach safety and theory 2.75 1.035

Note. 1 = None/Very Poor, 2 = Below Average, 3 = Average, 4 = Above Average, 5 = Excellent



Table 3, below, displays the perceived availability of tools and equipment to teach
inspecting and troubleshooting two-stroke engines as described by teachers who participated in a
two-day professional development workshop. The skill area with the greatest frequency of Above
Average and Excellent responses was Inspecting an air filter (55%; n = 11), while the skill area
with the greatest frequency of None/Very Poor and Below Average responses was Conducting
failure analysis (75%; n = 15). The highest frequencies and percentages of responses for the

majority of the skills typically fell within the Below Average or Average categories.

Table 3

Frequencies and Percentages of Responses by Item for the Availability of Tools and Equipment
to Teach Inspecting and Troubleshooting Two-Stroke Engines (N = 20)

Skill n None/ Below Average Above Excellent

Very Average Average

Poor

(%) (%) (%) (%) (%)
Identifying two-stroke engine 20  1(5.0) 4(20.0) 8(40.0) 3(15.0)  4(20.0)
components
Fueling a two-stroke engine 20  1(5.0) 2(10.0) 8(40.0) 5(25.0)  4(20.0)
Starting a two-stroke engine 19  1(5.3) 2(10.5) 7(36.8) 6(31.6)  3(15.8)
Inspecting fuel for quality 20 2(10.0) 6(30.0) 7(35.00 2(10.0) 3(15.0)
Checking engine compression 19  1(5.3) 7(36.8) 5(26.3) 4(21.1) 2(10.5)
Inspecting an air filter 20  0(0.0) 2(10.0) 7(35.0) 5(25.0) 6(30.0)
Inspecting a spark plug 19  0(0.0) 2(10.5) 7(36.9) 4(21.1) 6(31.6)
Inspecting a fuel filter 19  1(5.3) 5(26.3) 4(21.1) 5(26.3)  4(21.1)
Testing a fuel line and 20  1(5.0) 7(35.0) 8(40.0) 2(10.0)  2(10.0)
carburetor for leaks
Inspecting restrictions at spark 19  4(21.1) 6(31.6) 5(26.3) 2(10.5) 2(10.5)
screen & exhaust port
Performing a carburetor fuel 20 8(40.0) 5(25.0) 5(25.0) 1(5.0) 1(5.0)
pump impulse test
Performing an engine pressure 19  5(26.3) 8(42.1) 4(21.1) 1(5.3) 1(5.3)
/ vacuum test
Carburetor evaluation 19  1(5.3) 8(42.1) 7(36.8) 2(10.5) 1(5.3)
Perform an ignition test 20 3(15.0) 10(50.0) 4(20.0) 2(10.0) 1(5.0)
Using an engine evaluation 19 3(15.8) 8(42.1) 5(26.3) 2(10.5) 1(5.3)
guide
Test run an engine 20  1(5.0) 5(25.0) 10(50.0) 2(10.0) 2(10.0)
Evaluate engine performance 19 1(5.3)  6(31.6)  8(42.1)  2(10.5)  2(10.5)
Using a tachometer to measure 20 6(30.0) 7(35.0) 3(15.0) 2(10.0)  2(10.0)
engine rpm
Engine troubleshooting 20 1(5.0) 6(30.0) 8(40.0) 4(20.0)  1(5.0)
Inspecting a spark arrestor 20 6(30.0) 7(35.0) 5(25.0)  1(5.0) 1(5.0)
Using small engine diagnostic 20  7(35.0)  7(35.0)  4(20.0) 1(5.0) 1(5.0)

software



Inspecting carburetor for fuel 19 3(15.8) 10(52.6) 3(15.8) 2(10.5) 1(5.3)

misuse

Testing fuels for quality and 20 7(35.0) 7(35.0) 4(20.0) 1(5.0) 1(5.0)

use

Storing gas-powered 20  0(0.0) 9(45.0) 6(30.0) 4(20.0) 1(5.0)

equipment (any length of time)

Conducting failure analysis 20 4(20.0) 11(55.0) 3(15.0) 1(5.0) 1(5.0)

(individual parts, etc.)
Note. Construct grand mean = 2.78; Construct SD =.891; None/Very Poor = | have none/almost
none of the tools needed to teach this concept.; Below Average = | have a few of the tools
needed to teach this concept.; Average = | have some of the tools needed to teach this concept.;
Above Average = | have most of the tools needed to teach this concept.; Excellent = I have all of
the tools needed to teach this concept. The highest mode per skill area was highlighted for
clarity.

Table 4, below, displays the perceived availability of tools and equipment to teach
repairing two-stroke engines as described by teachers who participated in a two-day professional
development workshop. The skill area with the greatest frequency of Above Average and
Excellent responses was Replacing a sparkplug (47.4%; n = 9). Additionally, the skill areas with
the greatest frequency of None/Very Poor and Below Average responses were Sealing a
crankcase (60.0%; n = 12) and Ignition module replacement and setting air gap (60.0%; n =
12). The highest frequencies and percentages of responses for all of the skills fell within the
Below Average or Average categories.

Table 4

Frequencies and Percentages of Responses by Item for the Availability of Tools and Equipment
to Teach Repairing Two-Stroke Engines (N = 20)

Skill n None/ Below Average Above Excellent
Very Average Average
Poor
(%) (%) (%) (%) (%)
Replacing an air filter 19 0(0.0) 3(15.8) 8(42.1) 3(15.8) 5(26.3)
Replacing a spark plug 19 0(0.0) 3(15.8) 7(36.8) 4(21.1) 5(26.3)
Replacing a fuel filter 20  0(0.0) 3(15.0) 8(40.0) 4(20.0) 5(25.0)

Using two-stroke engine 20 1(5.0) 10(50.0) 5(25.0) 2(10.0) 2(10.0)
tools

Repairing a rewind starter 20  1(5.0) 7(35.0) 9(45.0) 1(5.0) 2(10.0)
Sealing a crankcase 20 2(10.0) 10(50.0) 4(20.0) 2(10.0) 2(10.0)
Adjusting a throttle cable 20  1(5.0) 7(35.0) 9(45.0) 1(5.0) 2(10.0)
Unflooding a two-stroke 20 3(15.00) 6(30.0) 9(45.0) 1(5.0) 1(5.0)
engine

Ignition module 20 2(10.0) 10(50.0) 5(25.0) 2(10.0) 1(5.0)
replacement and setting

air gap

Installing a chain saw 20 4(20.0) 7(35.0) 6(30.0) 2(10.0) 1(5.0)



drive sprocket

Replacing a fuel line 20 1(5.0)  6(30.0) 8(40.0) 2(10.0)  3(15.0)

Replacement of a bushing 20 2(10.0)  9(45.0) 6(30.0) 1(5.0) 2(10.0)

Servicing and adjusting 20 3(15.0) 5(25.0) 9(45.0) 2(10.0) 1(5.0)

tool attachments
Note. Construct grand mean = 2.85; Construct SD =.879; None/Very Poor = | have none/almost
none of the tools needed to teach this concept.; Below Average = | have a few of the tools
needed to teach this concept.; Average = | have some of the tools needed to teach this concept.;
Above Average = | have most of the tools needed to teach this concept.; Excellent = I have all of
the tools needed to teach this concept. The highest mode per skill area was highlighted for
clarity.

Table 5, below, displays the perceived availability of tools and equipment to teach two-
stroke engines safety and theory as described by teachers who participated in a two-day
professional development workshop. The skill area with the greatest frequency of Above Average
and Excellent responses was Two-stroke equipment [Personal Protective Equipment] PPE
(42.1%; n = 8). Further, the skill areas with the greatest frequency of None/Very Poor and Below
Average responses were Pruner use and safety (57.9%; n = 11), Two-stroke engine tools and
usage (57.9%; n = 11), and Two-stroke diaphragm carburetor theory (57.9%; n = 11). The
highest frequencies and percentages of responses for the majority of the skills typically fell
within the Below Average or Average categories.

Table 5

Frequencies and Percentages of Responses by Item for the Availability of Tools and Equipment
to Teach Safety and Theory of Two-Stroke Engines (N = 20)

Skill n None/ Below Average Above Excellent

Very Average Average

Poor

(%) (%) (%) (%) (%)
Operation 20 1(5.0) 5(25.0) 8(40.0) 4(20.0) 2(10.0)
Troubleshooting 19  1(5.3) 8(42.1) 7(36.8) 1(5.3) 2(10.5)
Failure analysis 19 2(10.5) 8(42.1) 6(31.6) 1(5.3) 2(10.5)
Theory 19 1(5.3) 4(21.1) 9(47.4) 3(15.8) 2(10.5)
Chainsaw use & safety 19 3(15.8) 5(26.3) 6(31.6) 2(10.5) 3(15.8)
Blower use & safety 19 5(26.3) 5(26.3) 6(31.6) 1(5.3) 2(10.5)
Pruner use & safety 19 5(26.3) 6(31.6) 5(26.3) 1(5.3) 2(10.5)

Line trimmer use & safety 19 4(21.1) 6(31.6) 5(26.3) 2(10.5) 2(10.5)
Two-stroke engine tools 19 1(5.3) 10(52.6) 5(26.3) 1(5.3) 2(10.5)
& usage

Two-stroke equipment 19 2(105) 4(21.1) 5(26.3) 5(26.3) 3(15.8)
PPE

Correct use of fuels, oils, 19  1(5.3) 7(36.8) 8(42.1) 1(5.3) 2(10.5)
cleaners, and lubricants

Mix-lubricated four-cycle 19 2(10.5) 7(36.8) 5(26.3) 3(15.8) 2(10.5)
engine theory




Two-stroke diaphragm 19 2(10.5) 9(47.4) 4(21.1) 2(10.5) 2(10.5)

carburetor theory
Note. Construct grand mean = 2.75; Construct SD = 1.035; None/Very Poor = | have
none/almost none of the tools needed to teach this concept.; Below Average = | have a few of the
tools needed to teach this concept.; Average = | have some of the tools needed to teach this
concept.; Above Average = | have most of the tools needed to teach this concept.; Excellent = 1
have all of the tools needed to teach this concept. The highest mode per skill area was
highlighted for clarity.

Conclusions & Discussion

Per objective one of the current study, describe teachers’ availability of tools and
equipment used to teach two-stroke engine inspection and troubleshooting, we found that
teachers most frequently reported Average or Below Average availability of the tools necessary
to teach the skills within this area of two-stroke engines, particularly within many of the highly
technical and advanced skill areas (i.e., Using small engine diagnostic software, etc.). Regarding
objective two, describe teachers’ availability of tools and equipment used to teach two-stroke
engine repair, we found that teachers most frequently reported Average or Below Average
availability of the tools necessary to teach the skills associated with this area of two-stroke
engines (e.g., Adjusting a throttle cable, etc.). Moving to objective three, describe teachers’
availability of tools and equipment used to teach two-stroke engine safety and theory, we found
that teachers most frequently reported Average or Below Average availability of the tools
necessary to teach the skills within this area of two-stroke engines (i.e., Two-stroke diaphragm
carburetor theory, etc.).

Overall, the findings of the present preliminary study indicate that the CTE teachers
within this population (N = 20) do not have many of the tools and equipment used to teach a
variety of two-stroke engines-related skills available to them. These results align with prior
research regarding resources available (McCubbins et al., 2016; McKim & Saucier, 2013) in the
field of agricultural mechanics education, and within the field of education more broadly (Crotty,
2005; Lankford & Mims, 1995; Niemann, 1970). Moreover, the results of this study indicated
that many of these teachers may not, due to lacking some of the tools and equipment necessary to
teach many of the topics noted within this research, be able to reach the larger goal of effectively
educating the next generation of industry employees, as described by Roberts et al. (2016) and
Lambeth et al. (2008).

Due to the small population of CTE teachers within this study (N = 20), these results are
only reflective of the teachers who attended this particular two-stroke engines workshop and are
not generalizable to all CTE teachers. Furthermore, it should be noted that the tool and
equipment availability data were collected during the pre-workshop phase of this study.
Therefore, any impact or awareness related to tool and equipment availability was not recognized
within this study. Additionally, we did not define the specific tools and equipment that teachers
should possess in order to teach each of the two-stroke engine skills. Further clarification could
be useful in order to improve the accuracy of the findings.



Per the distributed cognition conceptual framework of this study, the use of objects, such
as tools and equipment used with two-stroke engines, can be used to unlock cognitive functions
within the larger process of education (Nakhleh et al., 2003; Cole & Engestrom, 1993). Could it
be surmised that the lack of availability of such tools and equipment could result in lost
opportunities for such mental stimulation? Moreover, could this lack of interaction with the types
of teaching and learning opportunities afforded through the inclusion of, and instruction within,
mechanics-based curricula result in compromised instruction offered by this population of
teachers? Wells et al. (2013) suggested that the teachers may pursue instructional topics based
upon prior experiences. Thus, it may be reasonable to suppose that perhaps a perceived lack of
competency and comfort with the subject of two-stroke engines content may result in a lack of
willingness to invest in the items used within the curriculum area (e.g., tools and equipment).

It was interesting to note that, for the most part, many of the CTE teachers within the
present study expressed that, in terms of teaching Two-stroke equipment PPE, their availability
of tools and equipment was relatively high, as 68.4% (n = 13) of the teachers reported that their
availability was Average or better. Perhaps, as suggested by prior research (McCubbins et al.,
2016; Shultz et al., 2014), teachers believe safety to be a priority and may regard themselves to
be more comfortable and competent teaching safety and have thus chosen to acquire the
resources necessary to teach this particular skill area based on that perceived competency and
comfort. On the converse, perhaps the acquisition of safety tools was an easier process due to a
variety of factors, such as cost, ease of access, etc., that may have promoted the procurement
process.

We found that many of the skill areas that teachers reported low availability of tools and
equipment (i.e., Conducting failure analysis, Sealing a crankcase, Ignition module replacement
and setting air gap, Pruner use and safety, and Two-stroke diaphragm carburetor theory) were
not surprising, as many of these skill areas may be quite complicated due to their technical
nature. Thus, it could be expected that many teachers may see little need to, and thus may have
little motivation to procure tools and equipment for these particular skills. However, perhaps
more surprising, we found that these teachers also reported low tool and equipment availability
associated with the skill area of Two-stroke engine tools and usage. Could this be related to a
low self-efficacy of ability toward two-stroke engines in general? Moreover, as this population of
CTE teachers reported, at best, only modest availability of tools and equipment to teach a
majority of the skill areas, could this be indicative of their competency in teaching the content,
budgetary concerns, or lack of professional development in these skill areas?

Recommendations

Based upon the findings of the present preliminary study, we have provided several
recommendations. Regarding inservice teachers, opportunities to participate in two-stroke
engines-related professional development sessions should be taken advantage of as needed and
as offered. Such sessions should also, based upon this study, include content related to tool and
equipment usage and identification, needs determination and assessment based on planned
curricula, as well as methods of procuring high-quality tools and equipment, as also
recommended by McCubbins et al. (2016). As mechanics laboratory budgets are often
inadequate for many needs (McKim & Saucier, 2013; Saucier et al., 2014), teachers should also



work with retailers, wholesalers, and industry to secure the necessary items that fall within their
budgets. Industry representatives and entities would be well-advised to take heed of the above
recommendations as well in order to better serve the stakeholders (e.g., teachers, students,
educational institutions, etc.) involved within two-stroke engines instruction. Such cooperation
and investments could yield dividends for the industry in the future, particularly in regard to
workforce development.

Regarding industry, trade groups, manufacturers, etc., should work to develop intensive
professional development workshops, curricula, and other materials that could serve as a
significant aid to teachers who wish to introduce and expand their instruction of two-stroke
engines within their respective programs. As described by Shultz et al. (2014), two-stroke
engines remains an important topic in the realm of CTE; the availability and quality of industry-
led educational programming should reflect this. Moreover, professional development
opportunities may provide the opportunity for teachers to expand their course offerings through
the creation and addition of high-quality curriculum materials that can be made easily and readily
available for teachers. In order to enhance tool and equipment availability and affordability,
industry entities should consider offering tools and equipment to educational institutions at cost
or at a discount. Expanded opportunities for additional educational offerings, such as the
introduction of new courses or sections of courses at the secondary level that incorporate two-
stroke engines instruction, may help to provide methods for improving the human capital needed
by industry (Slusher et al., 2011).

Because this study was preliminary in nature, several recommendations exist to guide the
future body of research. We first suggest that, based on the results of the current study, that this
research be replicated on a national level using an online survey delivery system. In addition,
data should be collected from a larger sample of CTE teachers nationally to increase the
generalizability of the results. We further recommend that a comprehensive list of tools and
equipment needed to teach each skill area be developed in order to improve the accuracy of any
research results as well as professional practice. As the reliability of each construct within the
paper-based instrument was rated as Excellent per George and Mallery (2003), this instrument
can be used as a method of further assessing and informing the practices associated with two-
stroke engines education.
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THE IMPORTANCE OF AGRICULTURAL MECHANICS SKILLS TRAINING:
IMPLICATIONS FOR AGRICULTURAL EDUCATION

John Rasty, Sherrard High School
Dr. Ryan G. Anderson, lowa State University

Abstract

Through the integration of Science, Technology, Engineering, and Mathematics (STEM) into the
secondary school curricula, students should be prepared with the 21% century skills needed to
enter post-secondary institutions or a demanding workforce. Agricultural mechanics is
instrumental in delivering the skills students need for college and career readiness (Hubert &
Leising, 2000). To determine skills most important for secondary content inclusion, Laird (1994)
studied secondary agricultural education teachers across the United States to determine the
depth in which they taught 60 agricultural mechanics skills, as well as how important those
teachers perceived those skills to be in ten years. This study modified Laird’s instrument to
include 102 agricultural mechanics skills, and distributed the survey to secondary agricultural
education teachers in lowa. Results from this study indicated that teachers perceived all 102
skills to be more important to teach in the future than they were currently being taught.
Increased agricultural mechanics importance means there is increased pressure on post-
secondary teacher education programs to provide necessary agricultural mechanics training.

Introduction

Current secondary educational programs should be focused on preparing students to enter
demanding and needed occupations or post-secondary programs (Chumbley, Haynes, & Stofer,
2015). In order to fulfil this preparation requirement, secondary education has seen a push
towards science, technology, engineering, and mathematics (STEM) in recent years. As outlined
in the American Association for Agricultural Education’s National Research Agenda (Roberts,
Harder, & Brashears, 2016) agricultural education programs need to be actively integrating
STEM into the curricula. Ricketts, Duncan, and Peake (2006) posited that the constructivist
pedagogical backbone of agricultural education provided multiple useful venues to better
understand science. Promisingly, biological science scores have shown to be higher among
students enrolled in agriscience courses when compared to students enrolled in bioscience
courses alone (Whent & Leising, 1988), in addition to students improvement seen within
mathematics and other science courses (Stripling & Roberts, 2014). Students enrolled in math-
enhanced agricultural power and technology curriculum have seen increased mathematics
placement scores (Parr, Edwards, & Leising, 2006) while seeing no significant reduction in
technical skills attainment (Parr & Edwards, 2008).

Agricultural mechanics is a popular content area among secondary agricultural education
programs and their students (Hubert & Leising, 2000). Research has shown that secondary
agricultural education teachers in seven selected states typically teach two agricultural mechanics
courses per semester (Hoerner & Bekkum, 1990) and in lowa these teachers spend
approximately 7.48 hours supervising the agricultural mechanics laboratory per week (Byrd,
Anderson, & Saucier, 2016). Agricultural mechanics courses offer a variety of skills that actively



incorporate all four STEM components (Shultz, Anderson, Shultz, & Paulsen, 2014). In
consultation with a mathematics education specialist, Wells and Parr (2012) found that 27 lowa
mathematics standards could be aligned with the state FFA agricultural mechanics career
development event requirements. Through a problem-based learning foundation, agricultural
mechanics courses challenge students to make meaning of their learning in real world
applications (Parr & Edwards, 2004). The realistic problems presented to the students require the
use of both academic and technical knowledge which must be applied properly in order to be
solved (Wells, Matthews, Caudle, Lunceford, Clement & Anderson, 2015). Improving students’
educational and agricultural mechanics skills can help prepare students for college or careers, but
it is important that the skills being learned are relevant (Davis & Jayaratne, 2015).

Agricultural mechanics is a content area comprised of numerous skills which have
varying levels of importance. Laird (1994) identified 60 skills related to agricultural mechanics
instruction, while Shultz et al. (2014) identified 54 skills appropriate for secondary agricultural
mechanics instruction in 2014. Separated in time by two decades, skills included in the studies
done by Laird (1994) and Shultz et al. (2014) showed the impact made by technological
advancements. Skills such as Global Positioning Systems (GPS) and Computer Numerical
Control (CNC) Plasma Cutting were not included in the list of agricultural mechanics skills
twenty years previous, yet were rated as important by secondary agricultural education teachers
in 2014 (Laird, 1994; Shultz et al., 2014). It is vital that the skills taught in agricultural education
remain up-to-date in order to prepare students with the proper 21 Century Skills needed for
employment (Davis & Jayaratne, 2015). Secondary agricultural education teachers have reported
a general inadequacy in regards to the tools and equipment available to them for agricultural
mechanics instruction, making it difficult for programs to remain up-to-date (McCubbins,
Anderson, Paulsen, & Stremsterfer, 2015). For agricultural education programs to be efficient
with the time of their students, skills of greater importance should receive more focus in the
curricula. The need for secondary agricultural education programs to remain up-to-date in the
skills they are teaching is of utmost importance. To better prepare schools for what they should
be teaching, it may also be helpful to look into what skills will be important to teach in the
future.

Theoretical Framework

The theoretical framework guiding this study was Fishbein and Ajzen’s (1975) attitude
theory. More recently, Ajzen and Fishbein (2005) suggested intentions toward an action tend to
foretell behavior. Ajzen and Fishbein (2005) further stated that there are three considerations
which can result in a person engaging in a specific behavior: “the likely positive or negative
consequences of the behavior, the approval or disapproval of the behavior by respected
individuals or groups, and the factors that may facilitate or impede performance of the behavior”
(p. 193). In connection to this study, secondary agricultural education teachers must consider all
three of the factors listed above in determining their instructional behaviors, or what skills they
will include in their curricula. Secondary agricultural education teachers need to determine if
teaching a particular skill in greater or lesser depth will have a positive impact on their students.
These teachers also need to evaluate the perceptions of respected individuals or groups such as
administrators or industry leaders to decide if their behaviors will meet the needs and
expectations of local programs.



Purpose and Objectives

The purpose of this study was to describe the perceived level of importance in regards to
specified agricultural mechanics skills. This research purpose aligns with the National Career
and Technical Education Research Agenda (Lambeth, Elliot, & Joerger, 2008) research problem
areas (RPA) 2: Curricula and Program Planning and RPA 3: Delivery Methods. These RPAs
specifically relate to the research objectives (RO) 2.2 Curricula Designs and RO 3.1 Best
Practices. The specific research activities (RA) addressed includes RA 2.2.1 Needs of Future
Workforce and RA 3.1.3 Marketing for Rigor and Relevance. This research also aligns with the
American Association for Agricultural Education National Research Agenda priority area 5,
which is focused on effective and efficient implementation of agricultural education programs
(Roberts, et al., 2016). The objectives of this study were as follows:

1. Determine the current depth agricultural mechanics skills are taught by lowa
secondary agricultural education teachers.

2. Determine lowa secondary agricultural education teachers’ perceived importance
to teach agricultural mechanics skills in ten years.

3. Determine the direction secondary agricultural mechanics skills’ levels of
importance are projected, from current to future

Methods

This non-experimental quantitative study used a population of secondary agricultural
education teachers in lowa active during the spring of 2016. The 2015-2016 lowa Agricultural
Education Directory included a total of 241 secondary agricultural education teachers, of which
202 had valid email addresses. A census was conducted to more accurately describe
characteristics of the population and reduce potential error associated with subject selection and
sampling.

The two-section data collection instrument used in this study was modified by the
researchers from two instruments first developed by Laird (1994), and Shultz et al. (2014).
Laird’s (1994) instrument was determined to have a Cronbach’s alpha reliability coefficient of
.97. The instrument used by Shultz et al. (2014) also yielded a Cronbach’s alpha reliability
coefficient of .97. The researchers merged those instruments into one instrument and modified
the new instrument by including additional instructional areas that were unavailable in 1994. The
first section listed each agricultural mechanics skill under one of eight constructs. The eight
constructs included Carpentry and Woodworking, Metal Processes and Metalworking, Electrical
Power, Farm Structures, Farm Power and Machinery, Natural Resource Management, Shop
Safety, and Computer and Problem Solving. Section one consisted of a nine-point summated
double-matrix rating scale. The nine-point summated rating scale allowed subjects to respond to
each skill area twice; once rating the current depth they taught each skill (1 = no depth, 3 = little
depth, 5 = some depth, 7 = much depth, 9 = utmost depth) and again rating the level of
importance they perceived each skill would have in ten years (1 = not important, 3 = of little
importance, 5 = somewhat important, 7 = important, 9 = very important). The second section
asked respondents to answer personal and program demographic information.



The new modified survey instrument was reviewed by a panel of experts to determine
face and content validity. The panel of eight experts consisted of agricultural education faculty
members in different institutions across the United States. The panel also helped to determine
additional instructional areas which should be included. Following the expert review, the final
instrument included 102 skills related to secondary agricultural mechanics. The modified
instrument was then pilot tested for reliability. Using data collected in a pilot study of
agricultural teachers (n = 10) from an adjoining state, the instrument’s overall Cronbach’s alpha
was calculated (o = 0.95), which was translated as having high reliability (Ary, Jacobs, Razavieh,
& Sorensen, 2006). Construct reliability scores can be viewed in Table 1. Constructs with a
Cronbach’s alpha coefficient 0.90 or higher were determined to be highly reliable, while
reliability coefficients less than 0.90 were less reliable (Ary, et al., 2006).

Table 1
Construct Specific Cronbach’s Alpha Reliability Coefficients for Current Depth and Perceived
Future Importance of Secondary Agricultural Mechanics Skills Taught

Construct Current Future
(0 o
Shop Safety 0.84 0.87
Carpentry and Woodworking 0.95 0.95
Computer and Problem Solving 0.86 0.90
Electrical Power 0.96 0.95
Metal Processes and Metalworking 0.95 0.97
Farm Structures 0.93 0.94
Farm Power and Machinery 0.96 0.98
Natural Resource Management 0.94 0.97

a > 0.90 = highly reliable, a < 0.80 = unsatisfactory (Ary, et al., 2006)

Data collection steps outlined by Dillman, Smyth, & Christian (2009) was used for this
study. First a standard pre-notice e-mail was sent, followed three days later by the invitation to
participate which included the survey link. The survey was distributed electronically using the
Qualtrics online program. As incentive to complete the survey, participants who completed the
questionnaire were entered into a drawing for a three cylinder John Deere diesel engine. A
weekly thank you or reminder was sent out for two more weeks and a final thank you or
reminder was sent out on the third week before closing data collection. These efforts yielded 64
completed surveys for a 31.7% response rate. Miller’s and Smith’s (1983) recommendation of
comparing respondents’ personal and program demographic data to data from the lowa
Department of Education (2015) was used to address potential non-response error.

Results regarding the characteristics of the respondent teachers’ and their secondary
agricultural education programs, the average respondent demographics were teachers male
(55%), who are 39.75 years of age, and have taught fewer than 10 years (54%). The average
respondent held a Bachelor’s degree as their highest degree obtained and taught in a secondary
school with enrollment between 101 and 250 (41%), and enrollment in the agricultural education
program was 51 and 100 students (51%).



Results

The second objective of this study examined the depth of agricultural mechanics skills
being taught by agricultural education teachers and those teachers’ perceptions of the level of
importance those skills will have in ten years. Mean scores were calculated using the
respondents’ current depth and future perception ratings of each agricultural mechanics skill. The
102 skills were organized into eight constructs and the grand mean scores for each construct are
listed below, in Table 2.

Table 2
Grand Mean Scores for Each Construct’s Current Depth of Instruction and Perceived Future
Importance

Current Future

Construct M D M D AM
Shop Safety 4.99 1.74 6.89 1.26 1.90
Carpentry and Woodworking 4.08 1.85 571 1.73 1.63
Computer and Problem Solving 3.70 1.35 5.89 1.43 2.19
Electrical Power 3.63 2.25 6.29 1.95 2.66
Metal Processes and Metalworking ~ 3.40 1.62 5.56 1.76 2.16
Farm Structures 2.93 1.71 5.69 1.82 2.76
Farm Power and Machinery 2.84 1.70 5.63 1.87 2.79
Natural Resource Management 2.89 1.67 5.68 1.80 2.79

Current (1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)
Future (1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 =
very important)

Table 3 through Table 9 show the calculated mean scores for both current and future
importance. Within each construct, the skills are ordered by mean score. To show the predicted
change in the teacher’s perceived importance of the agricultural mechanics skills over the next
ten years, the change in mean scores between current and future perceptions were also
calculated. Teachers’ perceptions of the current and future importance of Carpentry and
Woodworking skills are shown in Table 3. The results indicated the skill with greatest current
perceived importance to teach at the secondary level was Power Tools (M = 5.22). Power Tools
(M =6.67) was also rated as the woodworking skill which will have the greatest importance in
the future. The greatest positive mean change was found to be in the Concrete skill (AM = 2.17),
which also showed to have the second lowest scores for both current and future perceived
importance within the woodworking construct.

Table 3
Secondary Agricultural Education Teachers’ Current and Future Perceptions on the Importance
of Teaching Carpentry and Woodworking Skills at the Secondary Level

Instructional Topic Current Future

n M SD n M SD AM
Power Tools 63 5.22 2.64 60 6.67 214 1.45
Project Construction 63 5.08 2.39 61 651 201 1.43

Bill of Materials 63 4.89 2.34 61 6.44 216 1.55



Project Design 63 4.78 2.23 5 651 1.97 1.73

Hand Tools 63 4.52 2.52 61 6.07 2.00 1.55
Selection of Materials 63 4.25 2.24 60 6.13 2.07 1.88
Construction Skills 63 3.97 2.64 61 5.66 2.37 1.64
Fasteners 63 3.75 2.32 60 547 224 1.72
Pneumatic Tools 63 3.27 2.30 60 538 231 2.11
Concrete 63 2.95 2.18 60 512 227 2.17
Painting and Preserving 61 2.10 1.01 5 319 111 1.09

Current (1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)
Future (1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 =
very important)

Results for secondary agricultural education teachers’ perceptions of the current and
future importance of Metal Processes and Metalworking skills are shown in Table 4. The results
showed the skill with greatest current (M = 6.06) and future (M = 7.72) perceived importance to
teach at the secondary level was Welding Safety, and was directly followed in perceived
importance by Mechanical Safety. Computer Numeric Control (CNC) Plasma Cutting was found
to have the greatest positive change between current and future perceived importance (AM =
3.94) within the metal processes and metalworking construct.

Table 4
Secondary Agricultural Education Teachers’ Current and Future Perceptions on the Importance
of Teaching Metal Processes and Metalworking Skills at the Secondary Level

Instructional Topic Current Future

n M SD n M SD AM
Welding Safety 63 6.06 3.13 61 772  2.06 1.66
Mechanical Safety 63 573 3.10 61 744 214 1.71
GMAW Welding 62 544 2098 60 7.02 216 1.58
SMAW Welding 62 510 2091 60 6.33 2.23 1.23
Project Construction 63 487 250 61 6.52 213 1.65
Project Design 62 474 244 60 6.48 2.02 1.74
Oxy-acetylene Cutting 62 442 2.89 60 577 255 1.35
Plasma Cutting (Hand) 61 434 299 59 6.24 211 1.90
Metal Grinding 63 417 226 60 525 2.23 1.08
Oxy-acetylene Welding 61 334 265 59 522 255 1.88
Tool Conditioning 63 329 211 60 517 243 1.88
TIG Welding 62 313 257 60 6.15 240 3.02
Metallurgy and Metalwork 60  3.10 2.35 57 533 239 2.23
Brazing 61 3.08 267 59 517 251 2.09
Plasma Cutting (CNC) 62 274 270 60 6.68 2.19 3.94
Cold Metal Work 62 255 209 60 467 2.29 2.12
Metal Machining 63 248 205 60 487 249 2.39
Sheet Metalworking 63 248 226 61 464 259 2.16
Soldering 62 244 2.06 60 508 241 2.64
Pipe Cutting and Threading 61  2.13 1.71 60 445 238 2.32

Hot Metal Work 61 205 183 58 443  2.66 2.38



Virtual Reality Welding 61 175 155 59 510 244 3.35

Virtual Assisted Welding 61 162 147 59 502 239 3.40
Plastic Welding 62 161 145 60 473 248 3.12
Oxy-propylene Cutting 60 160 1.38 58 400 237 2.40

Current (1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)
Future (1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 =
very important)

Table 5 shows secondary agricultural education teachers’ perceived level of current and
future importance to teach skills related to teaching Electrical Power at the secondary level.
Electrical Safety was found to be the skill with the greatest perceived current (M = 4.70)
importance to teach as well as greatest perceived future (M = 7.38) importance to teach at the
secondary level. Electrical Controls and Automation Devices was found to have the lowest
current perceived importance (M = 2.45), yet had the greatest positive change in mean scores
between teachers’ current and future perceptions (AM = 3.33). Electric Motors was found to have
the lowest perceived importance to teach in the future (M = 5.66).

Table 5
Secondary Agricultural Education Teachers’ Current and Future Perceptions on the Importance
of Teaching Electrical Power Skills at the Secondary Level (N = 63)

Instructional Topic Current Future

n M SD n M SD AM
Electrical Safety 63 470 3.14 61 7.38 2.03 2.68
Wiring 63 4.21 2.67 61 6.46 2.09 2.25
Circuits 62 3.87 251 59 6.29 211 2.42
Electrician Tools 62 3.81 251 59 6.22 2.18 2.41
Electric Motors 63 273 2.05 61 566 230 2.93
Electric Controls and 62 545 101 60 578 234 333

Automation Devices

Current (1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)
Future (1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 =
very important)

Results regarding secondary agricultural education teachers’ perceptions on the current
and future importance to teach Farm Structure skills are shown in Table 6. The results indicated
the skill with the greatest current (M = 3.61) perceived importance to teach at the secondary level
is Energy Conservation. Energy Conservation was also rated as the farm structure skill that will
have the greatest importance in the future (M = 6.38). The greatest positive mean change was
found to be in the Plumbing skill (AM = 3.07).

Table 6
Secondary Agricultural Education Teachers’ Current and Future Perceptions on the Importance
of Teaching Farm Structure Skills at the Secondary Level (N = 63)

Current Future

Instructional Topic N M SD n M SD AM

Energy Conservation 62 361 234 60 6.38 2.02 2.77



Environmental Control 62 3.27 2.31 60 6.20 2.14 2.93

Waste Handling Systems 62 326 228 60 6.22 2.10 2.96
Farmstead Layout 62 3.05 237 59 529 240 2.24
Concrete and Masonry 62 279 2.09 59 541 230 2.62
Framing 63 276 218 60 570 2.16 2.94
Roofing 62 256 210 60 5.63 219 3.07
Fencing 62 250 1.98 59 493 247 2.43
Plumbing 61 248 187 60 555 217 3.07

Current (1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)
Future (1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 =
very important)

Results for agricultural education teachers’ perceptions on the current and future
importance of teaching Farm Power and Machinery skills at the secondary level are shown in
Table 7. The results showed the skill with greatest current level of importance to teach at the
secondary level is Small Engine Safety (M = 4.31). Power and Machinery Safety was rated as the
skill with the highest level of perceived future (M = 6.70) importance to teach at the secondary
level, directly followed by Small Engine Safety (M = 6.60). The skill with the greatest positive
change in between current and future importance mean scores was Transmissions (AM = 3.61).

Table 7
Secondary Agricultural Education Teachers’ Current and Future Perceptions on the Importance
of Teaching Farm Power and Machinery Skills at the Secondary Level (N = 63)

Instructional Topic Current Future

n M SD n M SD AM
Small Engine Safety 61 431 3.10 60 6.60 2.32 2.29
Small Gas Engines 62 413 2.88 59 592 203 1.79
Power and Machinery Safety 62 411 2.80 60 6.70 2.24 2.59
4-Cycle Small Engine Service 60 3.95 2.79 59 6.02 206 2.07
Preventive Maintenance 60 3.72 2.68 59 6.32 214 2.60
Small Engine Overhaul 60 355 274 59 575 217 2.20
Tractor Safety 61 339 2.78 59 6.76 2.25 3.37
2-Cycle Small Engine Service 61 3.38 231 59 564 214 2.26
Machinery Operation 61 3.28 243 58 597 219 2.69
Manual and Catalog Usage 61 277 236 59 549 229 2.72
Multi-cylinder Gas Engines 61 259 221 59 553 225 2.94
Tractor Restoration 62 255 212 60 528 220 2.73
Tractor Maintenance 61 246 2.26 59 554 240 3.08
Tractor Service 61 236 207 59 537 236 3.01
Machinery Management 61 236 2.05 58 559 219 3.23
Tractor Operation 61 231 204 58 566 219 3.35
Tractor Driving 61 221 194 59 527 2.38 3.06
Machinery Selection 61 220 184 57 512 214 2.92
Tractor Overhaul 61 216 1.99 58 5.05 2.27 2.89
Diesel Engines 60 212 193 59 563 229 3.51

Tractor Selection 60 207 1.78 58 495 243 2.88



Hydraulics 61 197 1.63 59 539 227 3.42
Electrical Systems and

Y . 61 1.87 1.70 58 533 234 3.46
Monitoring Devices

Drive Trains 60 1.63 1.29 58 5.07 2.38 3.44

Transmissions 61 156 1.30 59 517 237 3.61

Current (1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)
Future (1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 =
very important)

Secondary agricultural education teachers’ perceived level of current and future
importance to teach Natural Resource Management skills can be seen in Table 8. Legal Land
Descriptions was the skill shown to have the highest level of perceived current (M = 3.90)
importance to teach at the secondary level, while Global Positioning Systems (GPS) was shown
to have the greatest level of perceived future (M = 6.76) importance to teach at the secondary
level. The greatest change between current and future perceived importance within the metal
processes and metalworking construct was seen in Alternative Energy (Hydro) (AM = 3.19).

Table 8
Secondary Agricultural Education Teachers’ Current and Future Perceptions on the Importance
of Teaching Natural Resource Management Skills at the Secondary Level (N = 63)

Instructional Topic Lurrent Future

n M SD n M SD AM
Legal Land Descriptions 60 3.90 251 59 6.03 202 2.13
Global Positioning Systems 61 3.62 235 59 6.76 1.78 3.14
Alternative Energy- Wind 60 350 254 59 6.47 202 2.97
Alternative Energy- Biofuels 61 3.44 251 59 651 1.84 3.07
Alternative Energy- Solar 59 336 253 58 6.47 201 3.11
Conservation Structures 60 3.08 2.36 58 581 231 2.73
Alternative Energy- Hydro 58 295 238 58 6.14 204 3.19
Surveying 60 273 2.08 58 526 2.04 2.53
Differential Leveling 59 241 225 57 454 239 2.13
Grading 60 222 171 57 502 220 2.80
Profile Leveling 60 217 2.00 58 462 241 245
Irrigation Structures 60 2.02 1.72 58 490 2.25 2.88
Pumps 58 1.83 1.37 58 466 2.28 2.83

Current (1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)
Future (1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 =
very important)

Table 9 shows the results for secondary agricultural education teachers’ perceived level
of current and future importance to teach Shop Safety skills at the secondary level. Teaching
Safety Clothing and Protective Devices was shown to be the skill with the greatest level of both
current (M = 6.63) and future (M = 7.90) importance to teach. Shop Layout, was the skill with
the lowest perceived levels of both current (M = 2.11) and future (M = 3.29) importance. CPR
and First Aid had the greatest positive change between the current and future mean scores (AM =
3.27) within the shop safety skills construct.



Table 9
Secondary Agricultural Education Teachers’ Current and Future Perceptions on the Importance
of Teaching Shop Safety Skills at the Secondary Level (N = 63)

Instructional Topic Current Future
P n M  SD n M  SD AM
Safety Clothing and 62 663 234 60 790 1.61 1.27
Protective Devices
Shop and Tool Safety 62 6.45 2.65 59 7.85 151 1.40
Chemical Handling and 61 554 2.42 59 778 1.40 2.24
Storage
CPR and First Aid 62 421 244 60 7.48 1.96 3.27
Shop Layout 61 211  0.97 58 329 111 1.18

Current (1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)
Future (1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 =
very important)

Conclusions, Recommendations, and Implications

The purpose of this study was to describe the perceived current and future importance of
teaching secondary agricultural mechanics skills among secondary agricultural education
teachers. The average lowa secondary agricultural education teacher involved in this study was
male (55%) of approximately 40 years of age, holding a Bachelor’s degree as their highest
degree obtained, having taught fewer than 10 years (54%), in a secondary school with enrollment
between 101 and 250 students (41%), and enrollment in the agricultural education program was
51 and 100 students (51%). It is possible to assume that due to the average school size and
agricultural education program included in this study being relatively small, that these programs
find it difficult to offer in-depth agricultural mechanics courses. The reason certain skills are not
currently being taught in great depth may not be because teachers do not believe those skill are
important, but rather they do not have enough time to teach those skills at the depth they believe
is necessary. If secondary agricultural education teachers only teach approximately two
agricultural mechanics courses per semester (Hoerner & Bekkum, 1990; Byrd et al., 2016), it
becomes nearly impossible to teach all 102 agricultural mechanics skills in great depth.

The second objective of this study was to determine lowa agricultural education teachers’
perceptions regarding the current importance of skills related to agricultural mechanics. Many of
the skills rated as being currently taught in greatest depth were skills related to safety. For
example, Welding Safety, Mechanical Safety, Electrical Safety, Small Engine Safety, Power and
Machinery Safety, Safety Clothing and Protective Devices, and Shop and Tool Safety were all
skills that were rated within the top two skills currently taught with the most depth within their
constructs. Based on this finding, we can assume that secondary agricultural education teachers
are very conscientious of their students’ safety. Saucier, Vincent, and Anderson (2014)
recommended that professional development facilitators work closely with Occupational Safety
and Health Administration to focus on agricultural mechanics laboratory safety. This can be
connected with the attitude theory (Fishbein & Ajzen, 1975), where teachers are deciding to
teach safety skills based on the positive impact it will have on the students” well-being.



Ajzen and Fishbein (2005) further noted that the action taken by an individual,
conceptualized in this study by the content an agricultural educator chooses to include in their
teaching, is based upon “the approval or disapproval of the behavior by respected individuals or
groups” (p. 193). For agricultural education teachers, industry leaders serve as respected groups
to help with curriculum development decisions. Beginning teachers likely do not have the
industry connections to know what depth these skills should be taught. Therefore, this data can
be valuable in helping beginning teachers focus their efforts immediately on the skills their
colleagues have reported to be important for inclusion into the curriculum.

The third objective of this study was to determine the direction secondary agricultural
mechanics skills’ levels of importance are projected, from current to future. Notably, all 102
skills included in this study were rated as being more important in the future than the depth they
were taught at the time of this study. This result leads the researchers to conclude that even
though agricultural mechanics is currently considered to be an important content area for
inclusion in secondary agricultural education, it will be even more important in ten years. Burris,
Robinson, and Terry (2005) noted that teacher educators are underprepared to teach the
agricultural mechanics skills they perceived as important. Based on this conclusion, efforts need
to be made immediately to prepare the next generation of agricultural education teachers with the
skills necessary to teach agricultural mechanics.

The grand mean scores for each construct showed that the areas of Electrical Power,
Farm Structures, Farm Power and Machinery, and Natural Resource Management, will see the
greatest increase in importance in the next ten years. Therefore, professional development should
begin to focus heavily on these areas so that agricultural education teachers are prepared to teach
the content which is emerging in importance. While Shop Safety still remains as the construct
with the greatest perceived future importance, Metal Processes and Metalworking saw a
significant decline in importance relative to the other constructs as it became the construct with
the least perceived importance for the future. These findings provide teacher preparation
programs and professional development facilitators with a guideline to use so that they may
focus the training they provide on the areas of greatest future need.

In almost all cases, the skill that received the highest rating for current depth taught in
each construct also received a high rating for future importance. In fact, the only construct in
which the aforementioned result was not observed was Natural Resource Management, with the
current most important skill being Legal Land Descriptions. Legal Land Descriptions then fell to
being the sixth most important skill in the future, while the four renewable energy skills, Wind,
Biofuels, Solar, and Hydro all saw an increase in their placement n the Natural Resource
Management construct. This means that when comparing a particular skills’ level of importance
to another skill, the relative levels of importance are not perceived to change much in the next
ten years. However, preservice teacher training and professional development trainings need to
increase their efforts in ensuring teachers are prepared to teach renewable energy skills.

It can also be noted that the current skills which rated lower in depth taught at the time of
this study generally saw a greater increase in mean score change between current depths taught
and perceived future importance. This could be a result of teachers’ limitations in the depth they



are currently able to teach certain skills, even if they do perceive those skills to be very important
to teach. Examples of these limitations could be budget or available time for example (Buabeng-
Andoh, 2012). It is also possible to assume that the teachers involved in this study foresee a more
uniform level of importance among agricultural mechanics skills. Not surprisingly, skills related
to emerging technologies saw large increases in mean scores between current and future
importance. For example, Robotics, Virtual Reality Welding, Virtual Assisted Welding, and
Computer Numeric Controlled (CNC) Plasma Cutting were all skills with a mean change score
greater than 3.25. Likely, teachers believe that as technology advances, skills utilizing these
technologies will increase in importance. Although CNC Plasma Cutting was not included in the
list of skills two decades ago (Laird, 1994), and was rated as important by Shultz et al. (2015),
teachers in this study reported little depth in their own teaching of CNC Plasma Cultting.
Respondents of this study then reported CNC Plasma Cutting as a skill that will be important in
the future, with a 3.94 change in mean score, from current depth taught to future importance.
Research has also shown that teachers felt adequate overall in their own ability to teach
agricultural mechanics skills (Byrd, Anderson, Paulsen, & Shultz, 2015).

Secondary agricultural education teachers have shown that the tools they have available
for agricultural mechanics instruction are often inadequate, as is the technical training they have
received to teach agricultural mechanics (Burris, et al., 2005; McCubbins et al., 2015). By noting
the generally small size of enrollment for agricultural programs included in this study, it is very
possible that teachers simply do not have enough time, knowledge, or adequate facilities to teach
all of these agricultural mechanics skills to the depth they desire. The potential barriers of having
inadequate knowledge, skills, or equipment can hinder a teachers’ ability to teach needed skills
in depth (Buabeng-Andoh, 2012).

According to Fishbein and Ajzen’s (1975) attitude theory, secondary agricultural
education teachers need to analyze and work towards overcoming these barriers. This study
relies on secondary agricultural education teachers to be curriculum experts. As outlined in
Roberts and Ball (2009), secondary agricultural education teachers should be using industry
validated curriculum. However, it is possible to assume that due to the barriers identified which
may impede an educator’s decision to include a particular skill into the curriculum. Again, we
recommend additional training focused on strengthening technical content knowledge among
secondary agricultural education teachers, as well as focusing training on how to efficiently
manage an agricultural mechanics laboratory that is limited in equipment. There were 25 skills in
this study that showed a change in mean scores that was 3.0 or higher. These skills provide an
excellent starting point for professional development to address the greatest areas of need.

A recommendation for further research is to determine the depth industry leaders believe
agricultural mechanics skills should be taught, and what depth they foresee agricultural
mechanics skills needing to be taught over the next decade. This study brings forth evidence of
teachers’ acknowledgement of their need to know 21% century skills, or soft skills deemed
necessary by employers (Roberts, et al., 2016), and is valuable insight into which 21% century
skills teachers will need to be trained in order to adequately prepare their students (Davis &
Jayaratne, 2015). Additionally, this study provides a platform from which beginning teachers can
begin to develop their agricultural mechanics curriculum. Beginning teachers who may have few



industry connections, can use the data collected from other agricultural educators to determine
what depth their peers are teaching agricultural mechanics skills.
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A Longitudinal Comparison of the Importance of Agricultural Mechanics Skills Taught

John Rasty, Sherrard High School
Dr. Ryan G. Anderson, lowa State University

Abstract

Agricultural mechanics is a popularly taught content area among secondary agricultural
education programs (Herren, 2015). Unfortunately, post-secondary preparation received by
agricultural educators often leaves them feeling unprepared to teach agricultural mechanics
content (Stripling, Thoron, & Estepp, 2014). In a content area as broad as agricultural
mechanics, it is important to focus teacher preparation on the skills that will be most important
to teach at the secondary level (Shultz, Anderson, Shultz, & Paulsen, 2014). In 1994, Laird
conducted a study using secondary agricultural education teachers across the United States to
determine the depth agricultural mechanics skills were being taught at the time, and how
important those skills would be in 2004. The researchers conducted a follow up study in 2016,
using secondary agricultural education teachers in lowa as the population. This research
compares the findings from both Laird, and the researchers to form a longitudinal study
spanning 32 years between the depth skills that were taught in 1994 and the predicted
importance of those skills in 2026. Findings from this study show that the overall depth of
secondary agricultural mechanics instruction has decreased. Obstacles such as limited budgets,
lack of administrative support, and teacher’s knowledge of the skills have been identified as
possible barriers that have caused agricultural mechanics content to be taught in reduced depth.
Teachers should use this information to prioritize the skills in their curriculum so that the skills
with the most perceived importance are being taught in greatest depth.

Introduction

Today’s employers are seeking employees with 21% century skills (National Research
Council, 2012), and agricultural education plays a crucial role in incorporating and developing
these skills (National Research Council, 2009). Agricultural education has proven to be a
powerful tool in helping students apply Science, Technology, Engineering, and Mathematics
(STEM) skills into real-world situations (Ricketts, Duncan, & Peake, 2006; Shultz, Anderson,
Shultz, & Paulsen, 2014). Contrary to the concern noted by Buriak (1992), Miller (1991) posited
that agricultural mechanics “is a scientific based curriculum which provides the ideal setting to
apply selected principles of physics, chemistry, and mathematics” (p. 4). Specifically in
agricultural mechanics, research has shown that secondary agricultural education instructors
integrate mathematics content into 23% of their lessons (Anderson & Driskill, 2012).

Data collected from Connors and Mundt (2001) showed agricultural education teacher
preparation program’s credit requirements for technical agriculture to be 43.4 credits. Burris,
Robinson, and Terry (2005) reported the credit requirement specifically related to agricultural
mechanics was 9.13, which was slightly higher than the average of 7.3 agricultural mechanics
credits required at teacher preparation institutions between 1992 and 1995 (Hubert & Leising,
2000). However, McKim and Saucier (2011) noted a reduction in required agricultural
mechanics courses among universities. Byrd, Anderson, Paulsen and Shultz (2015) reported that



approximately 29% of agricultural education teachers in lowa had taken only one post-secondary
course in agricultural mechanics and nearly 35% had not taken any post-secondary agricultural
mechanics courses, yet active teachers maintained a sense of competence in their agricultural
mechanics instruction. Contrary to the competence felt by current teachers, 83.3% of lowa
preservice teachers taught agricultural mechanics content during their student teaching
experience, yet still felt unprepared to teach agricultural mechanics content (Stripling, Thoron, &
Estepp, 2014). Burris, McLaughlin, McCulloch, Brashears, and Fraze (2010) identified
agricultural mechanics as an area of concern among beginning teachers but deemed that over a
five year period agricultural mechanics often became a course teachers felt confident teaching. In
addition to feeling unprepared to teach, McCubbins, Anderson, Paulsen, & Stremsterfer (2015)
also found many secondary agricultural mechanics facilities to be inadequately equipped with the
tools necessary to teach effectively.

Despite a lack of post-secondary agricultural mechanics training received by teachers,
and uncertainty regarding teachers’ perceptions of their own competence to teach the subject,
agricultural mechanics remains popular among secondary programs and their students (Herren,
2015). Rudolphi and Retallick (2011) found that nearly 90% of the agricultural education
teachers in lowa included some form of agricultural mechanics instruction into the curricula. In
several states, secondary agricultural education teachers averaged two agricultural mechanics
courses taught per semester (Hoerner & Bekkum, 1990). Byrd, Anderson, and Saucier (2016)
found that, on average, agricultural education teachers dedicated 7.48 hours to agricultural
mechanics laboratory instruction per week. Students enrolled in agricultural mechanics courses
can explore a vast array of agricultural mechanic skills which are needed in many careers related
to agriculture which will prove valuable over a lifetime (Herren, 2015; Shultz, et al., 2014).
Regardless of the variety of skills to which students are exposed to during their secondary
education, if skills are not learned in preparation for a progressive and rapidly changing future,
their learning may be for naught (Davis & Jayaratne, 2015). In order to effectively prepare
today’s students for gainful employment, educational programs must look towards the future.

In 1994, Laird began to question the relevance of the skills taught in agricultural
mechanics at the time. By examining the depth in which secondary agricultural education
teachers across the United States taught individual agricultural mechanics skills, he was able to
identify skills deemed most important to teach at the secondary level. Laird (1994) also asked the
respondents to use their personal knowledge and connections with industry to predict the level of
importance those same agricultural mechanics skills would hold in 2004, (ten years into the
future). Utilizing the gathered insight into the future of agricultural mechanics allowed teacher
education to design their instruction appropriately to meet the upcoming workforce needs.

More recently, we sought to follow up on the data collected by Laird (1994). We
narrowed the scope to secondary agricultural programs in lowa in an effort to generate results
which could be more accurately utilized by educational programs in the area for agricultural
mechanics curriculum design and professional development training purposes. McKim and
Saucier (2011) recommended a longitudinal study of “in-service secondary agricultural
education teachers’ perceived importance of agricultural mechanics laboratory management
competencies” (p. 84). By combining our data with that collected by Laird (1994), a broad,
longitudinal view of the trends regarding the importance of secondary agricultural mechanics



skills can be observed. This study analyzed the depth at which agricultural mechanics skills were
taught in 1994 compared to 2016, the predicted importance of agricultural mechanics skills in
2004 compared to the predicted importance of skills in 2026, and also compares the predicted
importance of agricultural mechanics skills in 2004 with the depth those skills were taught in
2016.

Comparing the data from the past with current results will help researchers determine the
accuracy of the predictions made by secondary agricultural education teachers. This information
could then lead to establishing a comprehensive list of the depth at which individual agricultural
mechanics skills should be taught in order to educate students in the most efficient and
purposeful manner possible. If secondary agricultural education teachers are currently not
teaching skills as in depth as they feel are important, the barriers causing the lack of depth should
be identified. In the context of factors influencing teachers’ decisions to integrate technologies
into their teaching, Buabeng-Andoh (2012), discussed many barriers which may prevent a
teacher from adopting new information or technology. Among the barriers discussed were the
teachers’ attitudes, knowledge, skill level, and support and funding from the school, all of which
could have a similar impact on secondary agricultural mechanics programs.

Conceptual Framework

The conceptual framework used in this study was derived from Roberts and Ball (2009)
and can be seen below in Figure 1. As described in this model, agricultural education programs
deliver content through a combination of social and cognitive constructivism. Through this
epistemology, curriculum can be delivered to meet the individual needs of students, whether they
remain in the agricultural workforce or not. Roberts and Ball (2009) posited that agricultural
education teachers reinforce learning through hands-on interactions resulting in two outcomes: a
skilled agricultural workforce, and successful lifelong learners that are agriculturally literate
citizens. The curriculum used by agricultural education teachers is crucial to generating the
aforementioned outcomes. At the very root of this model is the idea that secondary agricultural
education teachers use industry-validated curricula. In this study, secondary agricultural
education teachers determined the depth agricultural mechanics skills are taught and to predict
the future importance of agricultural mechanics skills based on the idea that they maintain
connections with industry leaders in order to teach valid curricula.
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Figure 1. Conceptual model for agricultural subject matter as a content and context for teaching.
(Roberts & Ball, 2009, p. 87)



Purpose and Objectives

The purpose of this study was to describe trends regarding the importance of secondary
agricultural mechanics skills. This research purpose aligns with the American Association for
Agricultural Education National Research Agenda (Roberts, Harder, & Brashears, 2016)
Research Priority 3 which calls to determine the competencies needed for a viable agriculture
workforce. This study also aligns with Research Priority Areas 2: Curricula and Program
Planning, specifically Research Objective 2.1: Curricula Designs, under Research Activity 2.2.1:
Needs of Future Workforce (Lambeth, Elliot, & Joerger, 2008). The objectives for this study
were as follows:

1. Determine the change in the depth of agricultural mechanics skills taught in the
U.S.in 1994 and in lowa in 2016.

2. Determine the change in perceived importance of agricultural mechanics skills in
the U.S. in 2004 and in lowa in 2026.

3. Analyze the difference in past U.S. secondary agricultural education teachers’
predictions about the future importance of secondary agricultural mechanics skills
and the depth agricultural mechanics skills are currently being taught in lowa.

Methods

This descriptive, non-experimental, quantitative study used a longitudinal approach to
describe the perceptions of secondary agricultural education teachers regarding the importance of
secondary agricultural mechanics skills. Our study and that of Laird (1994) were used to
compare data collected over a 22 year span. Laird (1994) utilized a sample survey technique with
secondary agricultural education teachers across the United States (n = 253). We used a census
survey modified from the survey used by Laird (1994) to collect data from secondary agricultural
education teachers in lowa (n = 64).

Laird’s (1994) instrument included 60 skills in nine constructs appropriate for inclusion
in secondary agricultural mechanics curricula. One skill identified by Laird (1994), Oxy-
Acetylene Welding and Cutting, could not be included in this study because when the instrument
was modified Oxy-Acetylene Welding and Oxy-Acetylene Cutting were divided into two
separate skills. The instruments designed by Laird (1994) consisted of nine constructs; Carpentry
and Woodworking, Metal Processes and Metalworking, Electrical Power, Farm Structures,
Farm Power and Machinery, Soil and Water Management, Safety, Computer and Problem
Solving, and one construct (Other) made up of skills that did not fit in any of the other constructs.
To determine face validity, Laird (1994) had the instrument reviewed by his major professor and
other graduate students in the Department of Agricultural Education and Studies at lowa State
University. The instrument was then pilot tested using a random sample of 20 secondary
agricultural education teachers in lowa. Using Cronbach’s alpha, the “overall reliability
coefficient was 0. 97” (Laird, 1994, p. 42).

Laird’s instrument was then revalidated in 2015 by a panel of eight experts who were
agricultural education faculty members with backgrounds in agricultural mechanics at different
institutions across the United States. Fink (1995) indicated that 10 people are typically needed to



field test an instrument. In order to confirm the reliability of the instrument, another pilot study
was conducted in 2016 using ten secondary agricultural education teachers from an adjoining
state (n = 10). Following the pilot study, reliability was calculated using Cronbach’s alpha (o =
0.92) which was determined to be highly reliable (Ary, Jacobs, Razevieh, & Sorensen, 2006). It
should be noted that the researchers did not have access to the raw data from the 1994 study.
Therefore, a limitation exists on the statistical analysis that could be conducted in this study.

The researchers asked respondents to evaluate a set of agricultural mechanics skills using
a nine-point summated double-matrix rating scale. The double-matrix allowed respondents to
answer twice; first rating the depth at which they currently teach each skill (1 = no depth, 3 =
little depth, 5 = some depth, 7 = much depth, 9 = utmost depth), and secondly rating the
importance they perceive each skill to have in secondary agricultural education in 2026 (1 = not
important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 = very important).
As a result, data collected showed the depth secondary agricultural mechanics skills were taught
in 1994, the importance teachers believed those skills would have in 2004 (Laird, 1994), and the
depth those skills were taught in 2016 as well as the importance of those skills in 2026.

To analyze trends relating to the importance of the agricultural mechanics skills included
in this study, three major comparisons were analyzed. First, we looked at the change in mean
score ratings each skill received for the depth they were taught in 1994 and the depth those same
skills were taught in 2016. This comparison shows what changes have occurred in the level of
depth agricultural mechanics skills were taught over a 22 year period. Next, we compared
teachers’ future perceptions of the importance of each skill by looking at what teachers in 1994
thought each skill’s importance would be in 2004, and what teachers thought importance would
be in 2026. Comparing these two categories gives insight into the changes in future perceptions
of the importance of agricultural mechanics. Lastly, we compared the mean score for each of the
skills from what the 1994 teachers thought would be important in 2004 with the depth teachers
were teaching those skills in 2016. This comparison shows us, within a 12 year period, how
teachers’ perceptions of the importance of agricultural mechanics skills differs from the depth
teachers are actually teaching those skills. Two tables were utilized for each of the three major
comparisons. The first table shows the grand mean scores for each construct during the two time
periods in question, as well as the change in grand mean scores. The second table shows the
mean scores for each skill during the two time periods in question, as well as the change in mean
scores.

Results

The first objective of this study was to determine the change in the depth of agricultural
mechanics skills taught from 1994 to 2016. Table 4.1 shows each construct’s grand mean scores
from Laird (1994) and from this study. Constructs within Table 1 are arranged in order of
greatest positive change in mean scores to least positive change in mean scores. Table 1 indicates
that all constructs are taught in less depth than what they were taught in 1994. Computers and
Problem Solving (4M = -0.52) showed the least change in mean scores while Others (4M = -
2.46) showed the greatest change in mean scores.



Table 1

Construct Grand Mean Scores for the Current Depth Agricultural Mechanics Skills were Taught
in the U.S. in 1994 and in lowa in 2016

Construct 1994 2016

M SD n M SD AM
Computers and Problem Solving 3.73 190 62 321 148 -0.52
Metal Processing and Metalworking ~ 4.46  1.69 63 357 172 -0.89
Carpentry and Woodworking 581 2.16 63 490 221 -0.91
Safety 6.62 1.73 62 570 203 -0.92
Farm Structures 3.95 1.87 63 299 173 -0.96
Soil and Water Management 344 2.09 60 238 137 -1.06
Electrical Power 442 222 63 332 205 -1.10
Farm Power and Machinery 3.87 1.90 62 259 1.64 -1.28
Others 536 1.85 62 290 0.74 -2.46

(1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)

Table 2 compares the data collected from Laird (1994) with the data collected by the
researchers. This comparison shows the depth secondary agricultural education teachers from
across the United States taught each skill in 1994 in relation to the depth secondary agricultural
education teachers taught each skill in 2016. In this comparison, four skills (Metric System,
Robotics, Problem Solving Strategies, and Farmstead Layout) resulted in positive changes in
mean scores between 1994 and 2016, while 55 skills resulted in a negative change in mean
scores. The four skills with the greatest negative change in mean scores were Brazing, Painting
and Preserving, Careers, and Cooperation and Teamwork. The top ten and bottom ten average
change in mean scores were reported in Table 2.

The second objective of this study was to determine the change in perceived importance
of agricultural mechanics skills in the U.S. in 2004 and in lowa in 2026. Table 3 shows each
construct’s grand mean scores from Laird (1994) and from this study. Constructs within Table 3
are arranged in order of greatest positive change in mean scores to least positive change in mean
scores. Table 3 indicates that the Farm Structures, and Soil and Water Management constructs
saw the greatest positive change in mean scores (4M = 0.40), while the construct consisting of
remaining skills, Others, saw the most negative change in mean scores (4M = -2.33).



Table 2

The Depth Secondary Agricultural Mechanics Skills Taught Across the United States in 1994 (n
ranges from 224 to 240), and in lowa in 2016 (n = 64)

Instructional Topic 1994 2016

M SD n M SD AM
Metric System 291 2.32 61 343 212 0.52
Robotics 2.01 2.07 60 212 191 0.11
Problem Solving Strategies 5.27 2.73 61 533 234 0.06
Farmstead Layout 3.02 2.12 62 3.05 237 0.03
GMAW Welding (MIG) 5.45 2.92 62 544 298 -0.01
TIG Welding 3.17 2.71 62 313 257 -0.04
Plastic Welding 1.73 1.75 62 161 1.45 -0.12
CPR and First Aid 4.40 2.99 62 421 244 -0.19
Computer Usage in Ag Mechanics  3.81 2.65 62 3.60 232 -0.21
Metal Machining 2.73 2.23 63 248 2.05 -0.25
Small Gasoline Engines 5.85 2.57 62 413 288 -1.72
SMAW Welding (Stick/Arc) 6.84 2.35 62 510 2091 -1.74
Preventive Maintenance 5.46 2.61 60 3.72 2.68 -1.74
Surveying 4.49 2.68 60 273 2.08 -1.76
Plumbing 4.24 2.51 61 248 1.87 -1.76
Brazing 5.20 2.47 61 3.08 2.67 -2.12
Painting and Preserving 4.26 2.52 61 210 101 -2.16
Careers 6.26 2.31 62 353 1.00 -2.73
Cooperation and Teamwork 6.90 2.27 62 3.84 093 -3.06

(1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)

Table 3

Construct Grand Mean Scores for the Perceptions of the Importance of Secondary Agricultural
Mechanics Skills Ten Years into the Future from Teachers Across the United States in 2004 (N
ranges from 224 to 240) and in lowa in 2026

Construct 2004 2026

M SD n M SD AM
Farm Structures 5.29 1.90 61 5.69 1.81 0.40
Soil and Water Management 4.72 2.20 58 512 201 0.40
Farm Power and Machinery 531 1.94 60 557 1.99 0.26
Computers and Problem Solving 5.85 2.06 60 6.07 1.79 0.22
Electrical Power 5.90 2.15 61 6.05 2.04 0.15
Carpentry and Woodworking 6.44 1.95 61 6.44 1.83 0.00
Metal Processing and Metalworking 5.59 1.72 61 559 1.85 0.00
Safety 7.78 1.40 61 7.75 1.38 -0.03
Others 6.16 1.75 60 3.83 0.72 -2.33

(1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 = very
important)



Table 4 compared Laird’s data from 1994 which asked secondary agricultural education
teachers from across the United States to rate the level of importance they perceived each skill
would hold in 2004 with current data that asked secondary agricultural education teachers in
lowa in 2016 to rate the level of importance they perceived each skill would hold in 2026. Table
4.4 shows that all but 20 skills yielded a positive change in mean scores between the 2004
predictions and predictions for 2026. The skills with the greatest positive changes in mean scores
were Fencing, Robotics, Transmissions, and Farmstead Layout, while the skills with the greatest
negative changes in mean scores were Shop Layout, Painting and Preserving, Careers, and
Cooperation and Teamwork. The top ten and bottom ten average change in mean scores were
reported in Table 4.

Table 4
Perceptions of the Importance of Secondary Agricultural Mechanics Skills Ten Years into the

Future from Teachers Across the United States in 1994 (N ranges from 224 to 240) and in lowa
in 2016

Instructional Topic 2004 2026

M SD n M SD AM
Fencing 3.44 4.15 59 493 247 1.49
Robotics 4.52 2.94 58 5.91 2.47 1.39
Transmissions 3.99 2.54 59 517 2.37 1.18
Farmstead Layout 4.14 2.49 59 5.29 2.40 1.15
Metric System 4.72 291 59 575 228 1.03
Drive Trains 4.06 2.54 58  5.07 2.38 1.01
Metalworking Project Design 5.54 2.29 60 6.48 2.02 0.94
Metal Machining 4.03 2.58 60 4.87 2.49 0.84
Sheet Metalworking 3.88 2.39 61 464 259 0.76
Irrigation Structures 4.21 2.80 58 490 2.25 0.69
Safety _Clothlng and Protective 8.95 1.42 60 790 161 .0.35

Devices

Computer Usage in Ag Mechanics  6.72 2.38 59 6.36 2.04 -0.36
Shop and Tool Safety 8.36 1.35 59 7.85 1.51 -0.51
Small Gasoline Engines 6.43 2.30 59 5.92 2.03 -0.51
Brazing 5.70 2.22 59 517 251 -0.53
SMAW Welding (Stick/Arc) 6.98 2.13 60 6.33 223 -0.65
Shop Layout 4.49 2.66 58 329 111 -1.20
Painting and Preserving 5.32 2.50 59 3.19 1.11 -2.13
Careers 7.33 1.93 59  4.32 0.80 -3.01
Cooperation and Teamwork 7.63 2.01 60 448 0.65 -3.15

(1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 = very
important)

The third objective of this study was to compare perceptions regarding the future
importance of secondary agricultural mechanics skills from teachers in 1994 with the current
depth those skills are currently being taught. Table 5 shows each construct’s grand mean scores



from Laird (1994) and from this study. Constructs within Table 5 are arranged in order of
greatest positive change in mean scores to least positive change in mean scores. All constructs in
Table 4.5 have seen a negative change in mean scores. The least negative change in mean scores
was seen in Carpentry and Woodworking (4M = -1.54), and the most negative change in mean
scores was in the construct made up of remaining skills, Others (4M = -3.26).

Table 5
Construct Grand Mean Scores for the Perceptions of the Importance of Secondary Agricultural

Mechanics Skills Ten Years into the Future from Teachers Across the United States in 1994 (N
ranges from 224 to 240) and the Current Depth Those Skills were Taught in lowa in 2016

Construct 2004 2016

M SD n M SD AM
Carpentry and Woodworking 6.44 1.95 63 490 221 -1.54
Metal Processing and Metalworking 5.59 1.72 63 357 1.72 -2.02
Safety 7.78 1.40 62 570 2.03 -2.08
Farm Structures 5.29 1.90 63 299 1.73 -2.30
Soil and Water Management 4.72 2.20 60 238 1.37 -2.34
Electrical Power 5.90 2.15 63 332 205 -2.58
Computers and Problem Solving 5.85 2.06 62 321 1.48 -2.64
Farm Power and Machinery 531 1.94 62 259 1.64 -2.72
Others 6.16 1.75 62 290 0.74 -3.26

(1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)
(1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 = very
important)

Table 6 utilizes the predictions made by secondary agricultural education teachers in
1994 about the future importance of each agricultural mechanics skill in 2004 (Laird, 1994) and
compares those predictions with the depth secondary agricultural education teachers in lowa
taught those same skills in 2016. The skills with the greatest positive change in mean scores were
Safety Clothing and Protective Devices, Shop and Tool Safety, Metalworking Project Design,
and Carpentry Project Construction, while the skills with the greatest negative change in mean
scores were Irrigation Structures, Plastic Welding, Surveying, and Electrical Systems and
Monitoring Devices. The top ten and bottom ten average change in mean scores were reported in
Table 6.



Table 6

Perceptions of the Importance of Secondary Agricultural Mechanics Skills would have in 2004
from Teachers Across the United States in 1994 (N ranges from 224 to 240) compared to the
depth Those Skills were Taught in lowa in 2016

Instructional Topic 2004 2016

M SD n M SD AM

Safety _Clothlng and Protective 4.43 1.42 62 663 534 220
Devices

Shop and Tool Safety 4.26 1.35 62 6.45 2.65 2.19
Metalworking Project Design 3.44 2.29 62 4.74 2.44 1.30
Carpentry Project Construction 4.06 2.27 63 5.08 2.39 1.02
Power Tools 4.21 2.07 63 5.22 2.64 1.01
SMAW Welding (Stick/Arc) 4.11 2.13 62 510 291 0.99
Carpentry Project Design 4.14 2.34 63 4.78 2.23 0.64
Hand Tools 3.88 2.24 63 452 242 0.64
Problem Solving Strategies 5.00 2.49 61 5.33 2.34 0.33
Metal Grinding 4.52 2.31 63 417  2.26 -0.35
Manual and Catalog Usage 6.72 2.54 61 2.77 2.36 -3.95
Robotics 6.15 2.94 60 212 191 -4.03
Machinery Management 6.43 2.56 61 2.36 2.05 -4.07
Careers 7.63 1.93 62  3.53 1.00 -4.10
Drive Trains 5.78 2.54 60 1.63 1.29 -4.15
Applied Physics 7.80 2.86 59 334 224 -4.46
Irrigation Structures 6.98 2.80 60 2.02 1.72 -4.69
Plastic Welding 6.62 2.85 62 161 1.45 -5.01
Surveying 8.25 2.50 60 273 2.08 -5.52
Electrical Systems and Monitoring 8.36 5 67 61 187 170 -6.49

Devices

(1 = no depth, 3 = little depth, 5 = some depth, 7 = much depth, 9 = utmost depth)
(1 = not important, 3 = of little importance, 5 = somewhat important, 7 = important, 9 = very
important)

Conclusions, Implications, and Recommendations

The purpose of this study is to describe trends regarding the importance of secondary
agricultural mechanics skills. The first objective of this study was to identify trends in the depth
agricultural mechanics skills were taught at the secondary level. The two skills with the highest
mean change between the depths taught in the U.S. in 1994 and in lowa in 2016 were Metric
System and Robotics. With the mathematic and technology principals required for Metric
System and Robotics instruction, both of these skills can be easily integrated in a STEM based
curricula, which could be a cause of the increase in the depth taught. Furthermore, Computers
and Problem Solving was the construct which remained most constant from the depth taught in
1994 to 2016. Based on these findings, secondary agricultural education teachers are making
efforts to change the skills included in their curriculum based on technological advancements
and opportunities for STEM integration. This finding is similar to that of Stubbs and Myers



(2015) who reported secondary agricultural education teachers are making an effort to integrate
STEM based content into their curricula.

The remaining 55 skills in Table 2 saw a negative change in depths taught in the U.S. in
1994 and in lowa in 2016, meaning they are taught in less depth in lowa than what they were
taught 22 years ago in the U.S. Even so, according to our data current teachers believe all 59
skills will be more important in the future. Additionally, each construct in Table 1 saw a negative
change in mean scores. It is possible that due to the reduced post-secondary training
requirements in the early-to-mid 1990s (Burris, et al., 2005, Connors & Mundt, 2001; Byrd et al.,
2015), the current depth at which these skills are being taught at the secondary level has
diminished. The current lack of instructional depth could be a result of the educators responsible
for delivering the content not receiving proper agricultural mechanics training during their post-
secondary training. Skills may also be currently taught in less depth due to programs having
inadequate tools (McCubbins et al., 2015). Having inadequate equipment makes it very difficult
to teach agricultural mechanics skills at the depth secondary teachers deem necessary.

The second objective of this study was to determine future trends in secondary
agricultural mechanics skill’s levels of importance in ten years. Table 4 shows that 39 of the 59
skills and seven of the nine constructs were rated as having a higher future importance by lowa
teachers active in 2016 than the ratings received by U.S. teachers in 1994. This aligns well with
the researcher’s initial findings which showed that teachers perceived each of the 59 skills to be
more important in the future. In general, it would seem that current agricultural education
teachers in lowa are optimistic about the important role agricultural mechanics will play in their
programs. This also corresponds with the suggestion made by Davis and Jayaratne (2015) that it
is important for students to be prepared with new century skills to “be competitive in the
globalizing work place” (p. 54). Table 1 through Table 4 shows that teachers’ perceptions of the
future importance of agricultural mechanics skills has increased overall, yet the depth they are
teaching these skills has decreased. Alarmingly, this shows that the gap between what should be
taught and what is truly being taught is widening. For this reason it is important for teachers to
continue evaluating the purpose behind what they are teaching. Is their current curriculum based
on teaching skills they are comfortable with, skills for which they have adequate equipment, or is
their curriculum based on what is most important for their students to know?

Obijective three sought to compare perceptions regarding the future importance of
secondary agricultural mechanics skills from teachers in 1994 compared to the current depth
those same skills are taught. Interestingly, 50 skills in Table 4.6 and all nine constructs in Table 5
saw a negative change in mean scores between the predicted importance to teach the skills in
2004 and the depth those skills were taught in 2016. Results from Table 5 and Table 6 show that
the teachers’ optimistic views in 1994 have not been realized in 2016. This leads researchers to
conclude that secondary agricultural mechanics taught in lowa is taught in less depth overall in
2016 than what was predicted by teachers in 1994. In both this study and the study conducted by
Laird (1994), all agricultural mechanics skills were predicted to be more important in the future
than the depth they were currently being taught. Therefore, we need to determine why the depth
agricultural mechanics skills are being taught does not meet the expectations from teachers in the
past.



There are several possibilities as to why agricultural mechanics skills are not currently
taught at the predicted depth. One key reason is that it is seemingly impossible to teach all 59
skills at more depth. Common sense would tell us that in order to teach one skill at more depth,
another skill as a result will be taught in less depth due to having a limited amount of
instructional time.

Based on these results, we can conclude that teachers are struggling to teach industry-
validated agricultural mechanics content because the depth at which agricultural mechanics
content is being taught has diminished over the past 22 years. According to the conceptual
framework for this study, teachers should be working with industry to prepare a curriculum
which prepares students to be lifelong learners who are successful in the workforce (Roberts and
Ball, 2009). While teachers are not able to teach all agricultural mechanics skills in a depth that
fully prepares students for college or careers, at a minimum students are being exposed to those
career pathways which can lead to a student driven search for deeper content learning. Due to the
decline in the depth of secondary agricultural mechanics instruction, secondary agricultural
education teachers, post-secondary teacher educators, and professional development organizers
need to work together to ensure the curriculum being taught will be useful to students as they
enter the workforce.

For future research, we recommend looking at their realistic expectations regarding the
depth they will actually teach those skills by asking teachers what depth they believe they will
teach agricultural mechanics skill in ten years. It is also important to continue to research why
teachers believe they might not be able to teach agricultural mechanics content in the depth they
believe it should be taught. By better identifying the obstacles preventing educators from
teaching relevant content, teacher preparation programs will be able to better train preservice
teachers with methods for overcoming the restrictive barriers whether it is ways to find funding,
stretch tight budgets, or to effectively communicate with administrators.

Findings from this study imply that secondary agricultural mechanics education in lowa
is not at the level teachers from 1994 had hoped that it would be in the U.S. Despite the
shortcomings in the depth agricultural mechanics skills are being taught, secondary agricultural
education teachers were optimistic 22 years ago, and their optimism is even greater today that
agricultural mechanics is important. Teacher preparation programs, active teachers, and industry
leaders are going to have to work together and communicate effectively to prioritize the many
skills included in agricultural mechanics. For future research, we recommend studying the
perceptions of industry leaders and post-secondary professionals regarding what depths they
believe agricultural mechanics skills should be taught, and what level of importance they believe
agricultural mechanics will have in ten years. Current agricultural education teachers should
utilize this data to begin preparing themselves to teach the skills which are becoming
increasingly important. Through diligent collaboration, secondary agricultural education students
can experience tremendous learning opportunities that benefit themselves as well as the
industries and communities in which they work.
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Abstract
Nationwide, agricultural education has experienced a shortage of qualified secondary school
agriculture teachers for over four decades. Students who seek careers as agriculture teachers
are often those who participated in agricultural education and FFA in high school. The Factors
Influencing Teaching Choice (FIT-Choice) Model was used as the theoretical framework for this
phenomenological study which sought to explore how active participation in school-based
agricultural education programs influenced students’ choice to major in agricultural education
and pursue a career in teaching. Seven agricultural education majors who participated in
agricultural education and FFA in high school participated in a focus group interview.
Transcripts of the focus group interview were analyzed and coded for thematic content using
open, axial, and selective coding protocols. Five themes emerged from the data, which included,
1) socializer influencers, 2) social value 3) passion for agriculture, 4) alignment with personal
values, and 5) agricultural education factors. The agricultural education factors theme was
broken into four sub-themes, which include agriculture teacher encouragement, FFA events,
increased self-efficacy through a quality program, and post-high school opportunities. Based on
the findings, implications and recommendations for recruitment are discussed.

Introduction and Need for the Study

The agricultural education profession has been plagued with a shortage of teachers for
more than 40 years (Kantrovich, 2010). The most recent supply and demand study revealed that
in the beginning of 2014 school year, there were 76 full-time and ten part-time agricultural
education vacancies yet to be filled (Foster, Lawver, & Smith, 2014). Many agriculture teacher
positions go unfilled every year because administrators are unable to find qualified candidates to
fill positions. The lack of qualified agriculture teachers also impacts school districts desiring to
open new programs. The failure to find sufficient qualified teachers to replace those who leave
could mean termination of an entire program.

Solving this teacher shortage in agricultural education is imperative if we are to
adequately meet the scientific and professional agricultural workforce demands of this century.
Today’s agricultural and STEM employers throughout the U.S. report shortages of skilled
workers (Goeker, Smith, Fernandez, Ali, & Theller, 2015; U.S. Congress Joint Economic
Committee, 2012). Priority area three of the 2015-2020 National Research Agenda of the
American Association for Agricultural Education places emphasis on attracting and developing
the next generation of agricultural scientists (Stripling & Ricketts, 2016). These publications
emphasize the importance of obtaining individuals to fill these positions as well as creating an
educated workforce. One way to address these needs is through school-based agricultural
education. According to Phipps and Osborne (1988), the most important function of school-
based agricultural education is to prepare youth for careers in agriculture. Fraze and Briers



(1987) explained the longer and more involved students become in agricultural education and
specifically in the FFA, the more likely they are to pursue an occupation in agriculture.

Solving the teacher shortage problem will require efforts on two fronts: recruitment of
more teachers into the profession and retention of those teachers within the profession
(Kantrovich, 2007). In this study, our aim was to address recruitment by exploring the factors
influencing pre-service teachers’ decisions to pursue a career as a teacher in agricultural
education. In order to develop recruitment strategies, it is imperative that we understand the
factors that influence students to choose agriculture teaching as a career, especially factors within
our own school-based agricultural education programs. Despite this need, there is a lack of
current literature exploring the agricultural education factors influencing one’s choice to pursue a
career as an agriculture teacher. Much of the literature exploring the factors influencing the
choice to teach agriculture are outdated (Hillison, Camp, & Burke, 1987; Arrington, 1985).
Agricultural education and the education profession in general has experienced many changes
over the past few decades. The social pressure to attain lucrative employment and a negative
stigma surrounding teaching has increased in recent decades. With these changes, it is likely the
motives for seeking a career in agricultural education have changed as well. Therefore, more
current research exploring the factors of career choice in agricultural education is warranted.

The more recent literature available on factors influencing choice to teach agriculture has
not fully addressed the questions: What influences career choice in agricultural education? And
how does participation in school-based agricultural education programs influence one’s choice to
pursue a career as an agriculture teacher? Park and Rudd (2005) conducted a Delphi study with
in-service teachers exploring the teaching practices that would increase recruitment of students
into post-secondary agricultural education majors. However, they did not survey students, the
ones making the decisions. In fact, they recommended, “Future research is necessary to
determine the influencing factors associated with the decision to teach from the student
perspective (p. 91).” In 2005, this call for research was partially met when Vincent, Henry, and
Anderson (2012) explored why students of color choose to major in agricultural education.
However, their study was very narrow did not explore the factors from students not of color, the
majority of which currently are agricultural education majors (Foster et al., 2014). Furthermore,
no research exists exploring how agricultural education and FFA influences students’ choice to
major in agricultural education. Yet, most of the students who seek to pursue a career in
agricultural education participated in agricultural education and FFA in high school. What
factors and what experiences within agricultural education are motivating factors for deciding to
teach agriculture? This research seeks to answer that question.

One of the most significant decisions a student will make during his or her high school
and college years is which academic major and career to pursue. Choosing the right career that
aligns with one’s values and goals has implications for a lifetime of rewards and happiness.
Recruiting students with skills and values that align with the career of teaching agriculture is
paramount in working to solve the teaching shortage crisis. Students with matching skills and
values would most likely be found within secondary agriculture programs. A variety of factors
influence what students will major in and what career they will choose. According to Bandura
(1986), students are more likely to choose a career in which they believe they can be successful,



have their needs met and be able to influence others. Self-efficacy, espoused as the concept of
self-perceptions in the FIT-Choice model, is an important motive in selecting a major or career.

Theoretical Framework and Literature Review

The Factors Influencing Teaching Choice (FIT-Choice) Model was used as the
theoretical framework for this study (Watt & Richardson, 2007). The FIT-Choice model is based
on the expectancy-value theory (EVT), which has been used to understand the motivations that
triggers individuals’ behaviors, including the behavior of choosing a career (Eccles et al., 1983,
Eccles & Wigfield, 2002). Based on the EVT, the FIT-Choice model was developed from themes
emerging from both the teacher education literature as well as the career choice literature to
explain why individuals choose teaching as a career (Watt & Richardson, 2007).

The FIT-Choice model framework consists of five influences on one’s choice of a
teaching career: socialization influences, task perceptions, self-perceptions, values, and fallback
career. Watt and Richardson (2007) described socialization influences as positive teaching and
learning experiences as well as significant people in the lives of individuals. Previous positive
teaching and learning experiences can also include having good teachers. Significant individuals
such as family, friends, teachers, and colleagues may influence an individuals’ choice to teach as
well. Task perceptions consist of two factors: task demand and task return. Task demand factors
relate to the perceptions of teaching as a highly demanding and highly technical career requiring
very specialized and technical knowledge. Task return involves the perceptions of teaching as a
well-respected, high-status occupation, where teachers feel valued by society and salary is fair
and good. Self-Perceptions are described as an individual’s perceptions of their ability to teach.
The FIT-Choice model separates values into three expectancy-value components: intrinsic,
personal utility and social utility values. Intrinsic value describes an individuals’ interest and
desire for teaching as a career choice. Personal utility values relate to the quality of life teaching
offers. These values might include time for family, job security, more secure income,
opportunities to travel, and other benefit considerations such as length of the working day and
frequency of school holidays and breaks. Social utility value describes the idea that individuals
often choose to become teachers because of their strong desire to make a social contribution,
enhance social equity, positively influence the lives of youth, or give back to society. The final
component of the FIT-Choice model is fallback career which accounts for individuals who were
not accepted in their first career choice, and who may have chosen teaching as a fallback career.
Utilizing the FIT-Choice framework, we seek to explore the motivations of agricultural
education students to become agriculture teachers. Furthermore, we seek to explore how the
influences of agricultural education programs influence students’ decisions to major in
agricultural education and pursue a career in teaching.

A variety of factors have been identified in the literature as influencing an individual’s
decision to become a teacher. Altruistic motives, such as making a contribution to society and
being a role model for youth have been identified as motivating factors influencing students'
choices to pursue teaching as a career (Kyracou & Coulthard, 2000; Lortie, 1975; Reid &
Caudwell, 1997). According to the FIT-Choice framework, these are identified as social utility
values. Intrinsic motives, such as opportunity to express creative abilities and the ability to
engage in an enjoyable subject matter have been identified as factors to pursue teaching as a
career (Hayes, 1990; Lyons, 1981; Reid & Caudwell, 1997). These influencing factors are
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captured in the FIT-Choice model as intrinsic and personal utility values. The literature has also
identified extrinsic motives, such as a good salary as influencing students’ decision to choose
teaching as a career. In agricultural education, Harms and Knobloch (2005) identified that
students were motivated to teach agriculture because of the salary, the benefits it provided, and
the opportunity for advancement. Vincent et al. (2012) found students of color were motivated to
major in agricultural education because of the perception of financial stability it provided.

Social factors also influence one’s career choice to teach. Key people such as family,
friends, and former teachers have been identified as primary influences on choosing a career in
teaching (Hayes, 1990; Hillman, 1994; Reid & Caudwell, 1997). Park and Rudd (2005) stated
secondary agriculture teachers influence many decisions about a student’s career and further
education through teacher actions, comments, and instruction. Park and Rudd suggest these
positive and encouraging interactions can also lead to a career in agricultural education.

Prior teaching and learning experiences can also influence a student’s decision to teach.
In agricultural education, research shows high school agricultural education courses and FFA
experiences as the most influential factors in students’ choice of career (Arrington, 1985;
Edwards & Briers, 2001; Hillison, Camp, & Burke, 1987). Cole (1984) concluded that
agriculture students who were actively involved in SAE and FFA activities were more
encouraged to choose agricultural education as a college major than those who were not actively
involved in those type of learning experiences. Despite these findings, literature in agricultural
education has not examined how FFA and SAE activities influence students’ choice of major.

Purpose and Research Questions

The purpose of this phenomenological research study was to explore reasons students
who were active participants in secondary agricultural education programs select agricultural
education as their academic major and plan to pursue a career in teaching. This analysis
addresses National Research Agenda priority three which calls for research exploring the
development of a highly qualified agriculture workforce and, recognizing the importance of
agricultural educators (Stripling & Ricketts, 2016). The research questions guiding this research
were: 1) what factors influence the choice to major in agricultural education and pursue teaching,
and 2) in what way do experiences in the secondary agricultural education program influence
one’s choice to major in agricultural education and pursue teaching as a career?

Methods

This qualitative study used a phenomenological research design to obtain information
regarding the motivation of students seeking a career in agricultural education.
Phenomenological research seeks to describe the meaning of individuals’ experiences of a
phenomenon (Creswell, 2007). The phenomena of interest, shared by all the participants, is their
major in agricultural education and shared interest in becoming secondary agriculture teachers.

Students participating in this study were accessed based on their participation of an
online survey of a random sample of students in the College of Agriculture and Applied Sciences
at Utah University in which they indicated willingness to participate in the focus group



interview. We selected participants from the accessible population through purposive sampling
for maximum variation in an attempt to develop a wide picture of the phenomenon (Patton,
2002). Seven agricultural education majors who participated in agricultural education and FFA
in high school participated in the study. Polkinghorne (1989) suggested between five and 25
subjects who have all experienced the phenomena of interest should be interviewed. Four
participants were male and three were female and all reported to be White. Six of the students
were between the ages of 19 and 23 while one of the students was over the age of 25 and
considered a non-traditional student. One participant was a freshman, five were juniors, and one
was a senior in the middle of the student teaching practicum. Three participants had changed
their major to agricultural education after first seeking degrees in other disciplines. Four of the
participants came from large multi-teacher agriculture programs in suburban areas while three
originated from single-teacher and more rural programs.

The semi-structured interview consisted of a series of questions addressing topics about
reasons for choosing agricultural education as a major, FFA, SAE, and agricultural education
participation. Broad questions were asked that addressed topics of interest with some follow up
questions to elicit more details (Denzin & Lincoln, 2011). Sample questions included, “Why did
you choose to major in agricultural education?” and “How did FFA influence your decision to
major in agricultural education?” with a follow up question: “What specific FFA events or
activities had an influence on your decision and how?” The lead researcher served as the
moderator for the focus group interview while another researcher took observational notes. The
interviews lasted for 70 minutes and took place at the agricultural education facility.

The focus group interviews were audio-recorded and transcribed verbatim. The data
collected were analyzed and coded for thematic content using coding protocols outlined by
Auerbach and Silverstein (2003). Two separate researchers performed the coding process with
constant checks for accuracy and reliability in coding. The process of coding was performed
using open, axial, and selective coding (Auerbach & Silverstein, 2003). We used open coding to
identify and describe the repeating ideas found in the text with consideration to the research
focus and the theoretical framework of the study. We grouped these repeating ideas into logical
and coherent groups. We then conducted axial coding, in which we examined how the categories
might be related to each other. During this phase, we connected categories with subcategories.
The final step in the analysis was selective coding where we renamed the themes and situated
them within the theoretical framework of the study.

Rigor and trustworthiness were established for this study through measures of credibility,
transferability, dependability, and confirmability (Harrison, MacGibbon, & Morton, 2001). To
establish credibility, we used an outside source to review the transcription and coding for
validation. We also utilized member checks and used a reflective journal to help identify any
research biases. Transferability was attended to through the use of purposive sampling for
maximum variation of characteristics of the participants as well as the use of rich, thick
descriptions of the participants and their context (Maxwell, 2005). Finally, dependability and
confirmability were established through an audit trail, the use of a reflective journal throughout
the process, and receiving approval of the findings from participants (Denzin & Lincoln, 2011).

Findings



Participants identified several motivating influences regarding their decision to major in
agricultural education. Five themes with corresponding sub-themes developed through the
analysis of the data which included, 1) socializer influencers, 2) social value 3) passion for
agriculture, 4) alignment with personal values, and 5) agricultural education factors.

Theme 1: Socializer Influencers

Most of the participants spoke about key individuals who influenced their decision to
pursue agricultural education. Each of the participants talked about key individuals, most of
which they had close relationships with, encouraged them to pursue agricultural education. The
encouragement was not always verbal, however, as many participants spoke about how they
experienced or witnessed an agriculture teacher’s impact on others, instilling a desire to be that
same type of person. These key influencers that were spoken of by the participants included
spouse, FFA advisor, extension agent, former teacher, and close relative.

Despite encouraging influences, participants also spoke of social pressure from
individuals discouraging them from pursuing a degree in agricultural education. The participants
shared that others had a negative opinion of teaching as a profession, mostly because of the lack
of pay. One participant said, “That is always what you hear, you don’t want to be a teacher, you
don’t make any money.” Despite the social pressures discouraging these participants from
pursuing a degree in agricultural education, other factors seemed to outweigh the opinions about
teachers’ salaries. One participant stated, “Regardless of cash that comes in or everybody else’s
opinion of educators, I’m going to be a teacher, I don’t care what they think of it.” The same
student continues, “Regardless of the people that told me don’t do it, | thought of it representing
something big or something better, like agricultural education can be.” This altruistic attitude
emerged in the data as the second theme.

Theme 2: Social Value

A second theme emerging from the data was social value. The participants seemed to all
convey a sense of altruism as they talked about why they want to become agriculture teachers.
To the participants, being an agriculture teacher means exerting a positive influence in the lives
of young people. This idea is what drives them to pursue a degree in agricultural education. The
following participant statements support this theme:

e “Asan agriculture teacher, you’re also an advisor so you get to develop those
relationships, you’re more than just a teacher, you get to have an influence.”

e “Being a part of something huge but still being able to make a difference, an impact on an
individual level was probably what influenced me to become a teacher.”

e “Agriculture teachers are not teachers, they’re advisors, they’re life coaches, they’re
mentors, they’re always there for you. That’s why | want to teach agriculture.”

Students mentioned they didn’t want to teach any other subject because agricultural
education provides unique relationships and better opportunity to impact students’ lives than any
other subject. One student stated, “... The opportunities we get to spend with our students. We
get to do professional development with our high school students. A lot of high school students



don’t get to experience that just through their classes. They get that through FFA, they get that
through hands-on agriculture courses. We get to know our students better, we spend more time
with them and we get to know their families.” Another reason these participants are motivated to
teach agriculture is because of their passion for it, which is the third theme.

Theme 3: Passion for Agriculture

A third theme that emerged from the data was the participants’ passion for agriculture
and their desire to share that passion with others. Because of their passion for agriculture, many
of the participants described themselves as advocates and explained the best way to be an
advocate was by teaching youth about agriculture. The following statements support this theme:

e “It’s [agriculture] my passion. How cool is it that | can share my passion every day? | get
to teach agriculture; | get to be a part of agriculture every day in the classroom.”

e “l can share my passion for agriculture with others through being a teacher and get just as
much enjoyment as any other profession can bring while moving agriculture forward and
bettering the world and our community.”

e “l want to be an advocate for agriculture, and that’s why | changed my major.”

Theme 4: Alignment with Personal Values

A fourth theme that emerged was alignment with personal values. This theme describes
how teaching agriculture seems to fit nicely within the goals and values of each of the
participants. The participants spoke about job security and the opportunities for family and
leisure as an agriculture teacher. Many of the participants shared their feelings about their future
and the type of life they want to live. They spoke mainly about their hopes to spend time with
their future families as well as hobbies they can enjoy while working as an agriculture teacher.
Most of the participants felt that being an agriculture teacher would allow them to pursue a
lifestyle that aligned with their personal values and goals. Participants stated:

e “How many teachers get to bring their kids to activities? And you get to do fun things
over the summer and your family is invited.”

e “| could be an agriculture teacher, have a career, and still keep all of those things |
worked hard for in high school and still keep them going as hobbies.”

e “My agriculture teachers showed me how their career worked so well with their goals and
hobbies and all their other stuff that they do, which made me realize I could do it too.”

Theme 5: Agricultural Education Factors

A fifth and final theme that emerged was the influence of agricultural education factors,
which shaped the participants’ perceptions about teaching agriculture. One of the questions
guiding this study was the way in which participation in the high school agricultural education
program influences students’ motivation to pursue agricultural education as a major. Participants
in this study continually referred to specific instances from experiences related to their
participation in agricultural education in high school. This theme and sub-themes help to explain
how participation in school-based agricultural education programs influenced these students’
decisions to pursue a degree in agricultural education. This theme was broken into four sub-



themes, which include agriculture teacher encouragement, FFA events, increased self-efficacy
through a quality program, and post-high school opportunities.

Agriculture Teacher Encouragement. Most participants spoke in some way how their
agriculture teacher was influential in their decision to pursue a degree in agricultural education.
Though these participants went through agriculture programs that were vastly different, their
experiences of their agriculture teachers encouraging them and talking to them positively about
agricultural education as a career was a unifying characteristic among the participants.
Participants were encouraged by their agriculture teachers in many ways including explicitly
encouraging them to consider becoming an agriculture teacher, speaking positively about their
jobs as agriculture teachers, showing students the joy that comes from teaching, and taking
personal interest in their students’ lives. The following participant statements support this idea:

e “lIt was originally my ag teacher who put the idea of agriculture education in my mind.”

e “l spent a few afternoons, a few days chatting with my advisor and talking to him about
his experience as a teacher, and it was at that point that | decided that | wanted to be an
agriculture teacher, and I’ve stuck with it ever since.”

e “My agriculture teacher related it to me that I could be an agriculture teacher...”

Despite these positive encouraging teachers, some of the participants shared moments from
their high school experiences that were not so positive in nature. The participants shared how
some of these moments or experiences made them think to themselves, “If | became a teacher, |
would not do it like this...” At the time, some of the participants never thought about becoming
an agriculture teacher, but as they entertained the thoughts of how they would do things
differently, they seemed to open a window of opportunity for a career in agricultural education.
One student recounts, “I saw where the program could be and I lived through what it wasn’t and
I wanted to change that in another kid’s life.” Another student stated, “If you have a crummy
agriculture teacher like mine, you lose that opportunity and that potential to influence a kid to do
good and be successful in life...1 want to be able to make that difference in that kid’s life, so they
don’t have the experience | did, so that they would have a better experience.”

FFA events participation. Many participants identified specific moments in their life
when they made the decision to become agriculture teachers, or when they decided agricultural
education could be a possible career path for them. Many of these moments happened at FFA
events away from the local school. Participants mentioned the State FFA Convention, National
Convention, CDE events, and Teach-Ag workshops as catalysts for their motivation to pursue a
career in teaching agriculture. For some, these events completely changed their perception of
agricultural education. The following participant statements support this idea:

e “l also think the bus rides to and from conventions and contests—getting to know my
agriculture teacher—that has just really solidified it all for me.”

e “| was sitting at National Convention...and they did this campaign on Teach-Ag...and it
just hit me at that moment that teaching agriculture is what I was supposed to do.”

e “The big thing that got me was my ninth grade year when | went to nationals as an
Agriscience fair participant. And then as soon as | saw nationals | was hooked because it
was something so big, it was an organization that was huge that each person in the
organization can make a difference in.”



Self-efficacy through a quality program. Participants shared how their agricultural
education program provided them with skills, experiences, and confidence that would enable
them to be successful as agriculture teachers. One student said, “The things I learned, the growth
that | saw in myself, prepared me to be an agriculture teacher. If it wasn’t for that, I don’t think |
would have the public speaking skills or the necessary requirement for this kind of a career.” For
some students, participating in learning experiences through the FFA instilled in them a desire to
share those same learning experiences with others. One student talking about his SAE
experiences with showing livestock at the fair stated, “I learned what | needed to learn in class to
make my SAE successful...and I really wanted to share it with people, | wanted to give that type
of opportunity to other folks.” For some students, a quality agricultural education program
helped them develop a personal connection, a deeper appreciation, and passion for agricultural
education, which then spurred their desire to stay connected with agriculture and agricultural
education in the future. Although there was little evidence in the data to suggest SAE had a direct
impact on students’ choice to become agriculture teachers, it did seem to influence their decision
to stay connected to agriculture. One student stated, “Because | loved my SAE project, you
know, it directed me towards a career in agriculture.”

Post-high school opportunities through agricultural education. Participants spoke
about the many doors that were opened to them after high school graduation because of their
participation in agricultural education. The post-high school opportunities these participants
spoke of included an internship with a local extension agent, serving as an FFA state officer, and
working with the local agriculture program during the summer as an intern. These opportunities
helped keep the students connected to agricultural education in some way. Most of these
participants hadn’t made up their mind to teach agriculture until they participated in these post-
high school experiences. Each of the participants shared how the opportunities to teach and do
what agriculture teachers do were the solidifying moments. One student who served as a state
officer spoke about the opportunity to teach other students in a classroom. He stated, “I had the
opportunity [to teach] and to see that half-second gleam in their eyes, the fact of seeing that light
bulb moment behind that kid’s eye... in the classroom, that made it worth it for me, that really
drew me in completely. That solidified my decision.” Another student recounted how her
internship with the local agriculture program over the summer solidified her desire to be a
teacher. She said, “That [summer internship] made me one hundred percent sure that | knew
that’s [teach agriculture] what | wanted to do.” Finally, one student speaks of her internship with
an extension agent who had taught agriculture for a time, she said, “He’s [extension agent] just
what changed my mind. He told me how good of an experience he had while he was an
agriculture teacher.” These opportunities to interact with others in an agricultural education
context were available to these students because of their agricultural education participation.

Discussion, Conclusions and Recommendations

This research study is limited in scope because of the small number of participants,
limiting the generalizability of the findings (Maxwell, 2005). While this study may have the
potential to be transferable to other settings, we make no attempt to generalize beyond the seven
agricultural education students in this study. Based on the findings of this study, we discovered
five primary reasons participants were motivated to pursue a career teaching agriculture. These
included: (a) the encouraging influence of individuals within their social structure; (b) a strong



desire to be a positive influence in the lives of students; (c) passion for agriculture and a desire to
share that passion with others; (d) recognition of an alignment of teaching agriculture with
personal values; and, (e) the influence of agricultural education program factors.

Participants in this study indicated key individuals, including their agriculture teachers,
provided encouragement to select agricultural education as a major and to enter the teaching
profession. Similarly, Park and Rudd (2005) found that encouragement from agriculture teachers
is a positive factor in agricultural education career decisions. These findings are also congruent
with those of previous studies on teaching career decision making (Hayes, 1990; Hillman, 1994;
Reid & Caudwell, 1997). Some participants indicated feeling social pressure not to teach and
encouragement to pursue a more lucrative profession. The influence of significant individuals on
career decision identified in this study, both encouraging and dissuasive, align with the
socialization influences component of the FIT-Choice model framework (Watt & Richardson,
2007). Personal encouragement of students to become agriculture teachers, speaking positively
about the job, and showing students the joy that comes from teaching agriculture are important in
influencing potential teachers. We echo the recommendation of Park and Rudd (2005) to
agriculture teachers that “employing encouraging attitudes and behaviors, agriscience teachers
could help recruit new teachers into the profession” (p. 91). Further, we recommend agriculture
teachers identify students who show potential for becoming good agriculture teachers and then
explicitly encourage them to consider agricultural education as a career

A strong desire to be a positive influence in the lives of students surfaced as a primary
factor in the career decision making process for the participants in this study. Participants shared
their desire to make a difference in lives of students, their desire to make a social contribution,
and their excitement to work with youth in order to positively impact their lives. Hillison et al.
(1987) also found that a desire to work with young people was a significant factor in the decision
to teach agriculture. The FIT-Choice model framework (Watt & Richardson, 2007) described
this factor as a social utility value in which individuals have a strong desire to make a social
contribution, enhance social equity, positively influence the lives of youth, or give back to
society. The opportunities provided to agriculture teachers to positively influence the lives of
students should be highlighted to those who are exploring a career in agricultural education.
Agriculture teacher educators must be honest with students about the challenges of the
profession but also remind them of the benefits including the potential impact on next
generation, opportunities for a good lifestyle, and opportunities to fulfill personal goals and
values. This can be accomplished by sharing examples and by inviting current teachers to serve
as guest speakers highlighting the positive aspects of the profession. These practices should also
be included in teacher induction programs to help in-service teachers maintain their focus on
why they chose the profession, even though at times it is challenging and discouraging.

Participants expressed a passion for agriculture and a desire to share that passion with
others. Several participants mentioned a desire to be an advocate for agriculture. Vincent et al.
(2012) found students of color were motivated to choose agricultural education as a major for
similar reasons. This factor is congruent with the intrinsic value component of the FIT-Choice
model framework (Watt & Richardson, 2007). Because these students enjoy the subject matter in
agriculture and enjoy being a part of the agricultural industry, they are intrinsically motivated to
be involved with it as a career.
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The realization that teaching agriculture aligned with participants’ personal values,
particularly related to lifestyle, family, and hobbies, emerged as a factor influencing the decision
to teach agriculture. The FIT-Choice model framework (Watt & Richardson, 2007) described
this factor as a personal utility value in which individuals find value in job security, time for
family, and job transferability. Participants in this study primarily indicated concern about time
for family and personal interests and hobbies. Job security and job transferability were not
mentioned by the participants. These students decided to teach agriculture because they saw
modeled by their agriculture teachers that they could have time for family and hobbies while
teaching. These are potentially important values to many students and should be highlighted as a
benefit of being an agriculture teacher.

Participants’ own experiences in agricultural education changed their perceptions about
teaching agriculture and were identified as key factors in career decision. These findings are
supported in the agricultural education literature (Arrington, 1985; Cole, 1984; Edwards &
Briers, 2001; Hillison et al., 1987). The influence of prior teaching and learning experiences
aligns with the socialization influences component of the FIT-Choice model framework (Watt &
Richardson, 2007). Further, these prior experiences in agricultural education helped shape the
participants’ self-perception or self-efficacy of their ability to teach agriculture. Park and Rudd
(2005) found program quality was key to recruiting students. Therefore, agriculture teachers
should try to develop programs that are well-rounded and give students a variety of
opportunities. Our findings support this idea because participants spoke about the influence of
out-of-school FFA events, post high school opportunities that were available to them, and
personal development through participation in various FFA activities on their career decision. It
is especially crucial to get as many students to district, state, and national FFA events, as these
were identified as catalysts and key moments in participants’ motivation to select agricultural
education as a career. Additionally, we recommend agriculture teachers, state staff, and
agriculture teacher educators provide post-high school opportunities connected to agricultural
education. These opportunities might include working in schools as a paraprofessional in
agricultural education or volunteering to help prepare students for competitive events.

Involvement in agricultural education programs influenced the other themes identified.
Examples of this include: (a) putting them in contact with key individuals who encouraged them
to become agriculture teachers; (b) making them self-aware of the positive impacts agricultural
education had on their lives; (c) teaching them the value of service towards others; (d) helping
them develop a deep-rooted passion for agriculture; and (e) helping them see how being an
agriculture teacher aligns with their own personal values and goals and could be a worthwhile
and rewarding profession to pursue. State and national FFA leaders are encouraged to add
components to state and national conventions that encourage students to consider agricultural
education as a career. Activities might include workshops to encourage teaching as a profession
or an agricultural education career development event. These opportunities can help students
experience positive aspects of agricultural education teaching as a career and can show how the
career may align with their personal values and goals.

Some components of the FIT-Choice model framework were not discussed by the
participants in this study, including task perceptions (e.g., task demand and task return) related to
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teaching agriculture. Although agricultural education is a demanding and highly technical field,
this area was not mentioned as a reason participants chose to pursue agricultural education.
Social status and salary were not mentioned as reasons for choosing agricultural education as a
career. Disparately, Vincent et al. (2005) found that the perception of financial stability and
status as an agriculture teacher were key reasons for selecting agricultural education as a major.
The selection of agricultural education as a fallback career was mentioned by participants and
the fact that three of the participants changed their major from something else to agricultural
education further substantiates this factor. However, it did not emerge as a central theme. Using
the findings and conclusions of this study, we have developed a conceptual model for factors
influencing agricultural education students’ choice to pursue a career in agricultural education
with implications for recruitment (Figure 1). This conceptual model is based on the FIT-Choice
model framework (Watt & Richardson, 2007) and adapted for agricultural education. Based on
this model, we recommend future research towards the development of a quantitative instrument.

Social
Dissuasion

Social Influencers

Agriculture Teacher + Quality Agricultural Education Programs
(FFA events, post-high school opportunities, development activities)

. Values
Perceptions of Self-Efficacy o
Teaching Intrlr_15|c Value_
Agriculture Skills and Passion for agriculture
knowledge Personal ptlllty Value Fallback

Social status required to be Job security Career

Salary an agriculture Time for family

Demanding teacher Social Utility Value
Positive influence on youth
Advocate for aariculture

[ Choice to Teach/Not Teach Aariculture ]
Figure 1. Conceptual model for career choice in agricultural education

We recommend additional research be conducted on the influence of SAE programs in
the decision to teach agriculture. While the SAE program was not identified as a theme directly
influencing the career decision, it did seem at least secondarily related as part of the complete
program of agricultural education. Several additional questions could be asked, including
whether or not SAEs have a greater influence on students not raised in production agriculture.
We further recommend that additional studies be conducted that include students from more
diverse backgrounds. Vincent et al. (2012) looked only at students of color. The participants in
this study all had backgrounds in rural or suburban school-based agricultural programs and were
all FFA members. What influences students who come from more urban schools or students with
little agricultural education background to choose agricultural education as a career? These are
pertinent questions if agricultural education is to be more representative of the population and
able to serve a more diverse student population with less traditional background in agriculture.
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Personal Resilience as a Predictor of Professional Development Engagement and Career
Satisfaction of Agriscience Teachers

R. G. (Tre) Easterly I1l, New Mexico State University
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Abstract
The purpose of this study was to determine if personal resilience is a predictor of professional
development engagement and career satisfaction of agriscience teachers. A quantitative
descriptive correlational research design, utilizing a purposive stratified sample of states and a
census of teachers in those states was used. Data were collected using the Tailored-Design
Method, using multiple points of contact with various modes to minimize survey error. The
overall response rate was 72.5% (n = 892). The linear combination of independent variables in
a stepwise backwards regression model explained 13.7% of the variance of professional
development engagement and 21.4% of the variance of career satisfaction. These findings
suggested that increasing the resilience of agriscience teachers, specifically in the areas of
positive: world and focused, could lead to an increase in engagement in professional
development and career satisfaction, which has been shown to be a factor that increases teacher
efficacy. Further research is need to explore how to increase resilience for agriscience teachers
and the relationship between teacher resilience student outcome variables.

Introduction
Teachers should have a certain set of professional commitments, or set of personal traits, that
cause them to strive to constantly improve their practice and grow as a professional (Bransford,
Darling-Hammond, & LePage, 2005). Teachers should also base their practice on a body of
scholarly knowledge, ground their practice on experience and improvement through reflection,
and develop a professional community to foster their growth (Shulman, 1986). Achieving
consensus for the ideal professional practice of teachers is somewhat straightforward. However,
little is known about the variables that contribute to ideal teacher practice. In the book Mindset:
The New Psychology of Success, Dweck (2006) explored the difference between a fixed and a
growth mindset. According to Dweck, some individuals are more apt to believe that they can
grow, learn and improve, whereas others tend to become more static in their thinking. While the
main crux of Dweck’s work has been applied to child and student behavior, the idea of mindset
could be telling for teacher professional development. According to Dweck, individuals do not
typically have one mindset but instead fall on a continuum. Dweck also postulated that an
individual’s mindset could be changed if he/she is in the right environment.

The idea of a fixed vs. growth mindset has been based on the notion that the ability to perform
and improve is innate and amenable. Similarly, resilience is an innate characteristic that is related
to how individuals cope with stressful or difficult situations. Resilience, or the ability absorb
high levels of disruptive change while displaying minimal unproductive behavior, may provide
some explanation for how teachers respond to change as it relates to professional development
(Henderson & Milstein, 2003; Hoopes & Kelly, 2004).

The idea of resilience began by examining children who were successful, despite being labeled
as at-risk. According to Werner and Smith (2001), some individuals are innately more resilient,
and therefore, are able to overcome disruptive life change. Henderson and Milstein (2003)



applied the concept of resilience to teachers. They indicated that resilient teachers might be
better able to cope with stressful situations common to the profession of teaching. Just like the
at-risk children who were successful, some teachers are better able to cope with the stress of
teaching and create a meaningful impact for their students. According to Bobek (2002), teacher
resilience can enhance teacher effectiveness, improve career satisfaction, and better prepare
teachers to adjust to changing conditions.

Richardson, Neiger, Jensen, and Kumfer (1990) explained that resilient individuals are able to
reintegrate, or bounce back, and function at a high level after experiencing a finite disruptive
event. Gu and Day (2013) purported that normal teaching environments are inherently stressful
and disruptive, and thus, require resilience. This view of resilience rests on two assumptions,
teaching is a chronically stressful and taxing career, and some teachers are better than others at
dealing with this stress. Some researchers (Gu & Day, 2013; Henderson & Milstein, 2003;
Hoopes & Kelly, 2004) have purported that resilience is not a fixed trait, but can be improved
and changed.

Most of the work in the area of teacher resilience is qualitative in nature. According to Howard
and Johnson (2004), teachers rely on agency and a strong professional and personal support
system to be able to persist, despite being described as high risk for burnout. Gu and Day (2013)
reported that resilient teachers had a calling to teach and loved their students, were more
connected with their students and their colleagues, worked to improve their self-efficacy, and
had positive relationships with the school leadership. Further, teachers in socioeconomically
disadvantaged schools were less resilient than their peers in other schools. Gu (2014) noted that
when comparing resilient and non-resilient teachers, the resilient teachers reported having a
positive support influence at a higher rate than non-resilient teachers.

The research on the resilience of agriscience teachers has been limited (Thieman, Henry, &
Kitchel, 2012). Thieman et al. conducted a synthesis of literature related to resilient agriculture
teachers. According to their review, teachers who are more resilient are better able to manage
their professional relationships and balance personal relationships. The researchers also stated
resilient teachers might be more adept at time management, dealing with difficult students, and
responding to difficult relationships. Similarly, Clark, Kelsey, and Brown (2014) found career
agriculture teachers relied on professional support and work-life balance to remain in the
profession. According to Hoopes and Kelly (2004), positive: self is closely related to high self-
efficacy. There is also evidence in the literature of the link between self-efficacy and career
commitment (McKim & Velez, 2015), outcome expectations and interest (Bunch, Robinson, &
Edwards, 2012), and coping mechanisms that can lead to resilience (Kelsey, 2006).

Theoretical/Conceptual Framework
This study was guided by the theory of resilience, specifically the characteristics of resilient
teachers as described by Henderson and Milstein (2003). These characteristics were
operationalized using the factors of resilience described by Hoopes and Kelly (2004) and Conner
(1993). While the resilient factors described by Conner (1993) are intended to describe
individuals in the context of organizational change and are not specific to teachers, schools, or
teacher professional organizations, the description of resilience has implications for teachers and
their capacity to deal with change. Teaching is a stressful environment with constant change
from a myriad of sources (Gu & Day, 2013). Hoopes and Kelly (2004) described resilient



individuals as having a capacity to deal with difficult change in a stressful environment. Further,
Conner’s (1993) personal resilience characteristics, measured using the Personal Resilience
Questionnaire (PRQ), have been used in research in the education field (e.g., Isaacs, 2003).
Resilience theory seeks to explore commonalities of individuals who are successful, despite
difficult situations, and how others can develop similar characteristics, so they too, can be
successful.

This study drew from resilience in the context of organizational change (Conner, 1993). Conner
studied individuals’ reactions to change situations. He noticed that individuals either focus on the
risk associated with change or with the opportunity of change. According to Conner, resilient
individuals are able to see the opportunity in change situations, and thus tend to be more
successful. These individuals possess similar characteristics. Conner (1993) purported these
characteristics to be positive, focused, flexible, organized, and proactive. The positive
characteristic was further described as positive (world), or being positive towards the
environment around the individual, and positive (self), or being positive about one’s own skills
and abilities. Flexible was also divided into flexible thoughts, which involves being open to new
ideas, and flexible social, which describes a person’s ability to draw on resources from others.

This study was guided by a conceptual model that describes the relationship between resilience,
career satisfaction, and teacher change (see Figure 1). The characteristics of resilient teachers are
explored at the top of the model. The traits of personal resilience in the fields of organizational
change management, as described by Hoopes and Kelly (2004), and resilience in schools, as
described by Henderson and Milstein (2003), were used in this study. Characteristics of resilient
teachers described in the literature were also explained in the model (Huisman, Singer, and
Catapano, 2010; Johnson, Down, Cornu, Peters, Sullivan, Pearce, & Hunter, 2015; Mansfield,
Beltman, and Price, 2014). Professional development engagement is explained by the teacher
change process described by Clarke and Hollingsworth (2002). Fessler & Christensen (1992)
also explored the impact of career stage on professional development engagement and informed
the model. The actions of participation, value, and implementation were used to describe the
process of full engagement in professional development, which embody the actions in the Clarke
and Hollingsworth model. The components of career satisfaction described by Lester (1987)
were described in the career satisfaction portion of the model. The focus of this inquiry was to
explore the relationship between resilience, career satisfaction, and teacher change.

There is evidence in the literature to suggest a link between professional development
engagement, career satisfaction, and resilience. Patterson, Collins, and Abbott (2004) found
resilient teachers placed a high premium on professional development and served as mentors for
others. Castro, Kelly, and Shih (2010) described being engaged in professional growth as a
manifestation of resilient behavior. Leroux and Theoret (2014) found a relationship between
teacher reflection and resilience. Tait (2008) found resilient teachers had a high level of career
satisfaction through their first year teaching despite reporting high levels of stress. Sorensen and
McKim (2014) found a relationship between job satisfaction and professional commitment for
agriscience teachers. There is also evidence to suggest demographic factors could influence
resilience (Rutter, 1979; 1985).



Figure 1. Conceptual model exploring the relationship between resilience, career satisfaction,
and professional development engagement.

Purpose and Objectives
The purpose of this study was to determine if personal resilience is a predictor of professional
development engagement and career satisfaction of agriscience teachers. This study explores
research in research priority 5: efficient and effective agricultural education programs,
specifically improving program development, deliver, and evaluation of professional
development programs (Thoron, Myers, & Barrick, 2016). The study was guided by the
following objectives:

1. Describe the personal resilience of agriscience teachers, based on personal and
professional demographic factors.
2. Describe the relationship between personal resilience, professional development
engagement, career satisfaction, and demographic variables.
3. Determine if personal resilience predicts professional development engagement.
4. Determine if personal resilience predicts career satisfaction.
Methods

The population of interest for this study was middle school and high school agriscience teachers
in the United States. Four states were purposefully selected to participate in this study. These
states were chosen to represent the agriscience teachers in the United States. Geographical
diversity was the primary selection factor. The American Association for Agricultural Education
regions were used to define the regions. Two states, Florida and North Carolina, were in the
southern region. Minnesota was in the North Central region, and Colorado was in the Western
region. Multiple states were also selected by the researcher to represent variations in professional
development opportunities and dynamics in the teacher groups that could exist from state to state
and could have an impact on professional development participation. The states were also
utilized in this study because of the working relationship between the researcher and the state
staff in each state. A census of agriscience teachers was taken in each state. There were 127



teachers in Colorado, 400 teachers in Florida, 243 teachers in Minnesota, and 483 teachers in
North Carolina. The sampling frame was obtained from the state agriculture education
coordinator in each state. The instrument was piloted to 110 teachers in West Virginia.

The instrument contained three sections. The Personal Resilience Questionnaire was a
preexisting scale that used 70 questions with a six-point Likert-type scale with response options
ranging from strongly disagree to strongly agree. There were 10 questions per construct. The
proprietary scoring system yielded responses for each construct that ranges on a scale of 0-100.
Missing scores were imputed based on the average responses from those scales where more than
half of the answers in the scale were available (Enders, 2010). Cronbach’s alpha coefficients on
the pilot test were .83 for positive: the world, .81 for positive: self, .82 for focused, .71 for
flexible: thoughts, .74 for flexible: social, .68 for organized, and .65 for proactive. According to
Nunnally (1978), the acceptable levels of reliability must be above .70. Since two of the
subscales fell below the recommendation of Nunnally, Cronbach’s alpha coefficients were
calculated post hoc. The subscales positive: world (.80), positive: self (.75), focused (.77), and
organized (.71) were found to be in the acceptable range.

The professional development engagement scale was developed by the researchers. Since the
objectives of the study required an investigation of professional development participation for
agriscience teachers, scales developed by researchers in other fields did not provide enough
detail. Moreover, a preexisting scale was not found in the agriscience teacher literature base. The
scale was created using the definition of professional development and core conceptual
framework for studying the effects of professional development proposed by Desimone (2009).
The definition of professional development provided by Desimone (2009) provided 10 unique
areas of professional development practice, which included (a) workshops related to agricultural
education, (b) workshops in the school/district, (c) coaching and/or mentoring, (d) serving in
leadership roles, (e) professional reading, (f) formal coursework, (g) informal dialogue, (h)
professional learning communities, (i) observing others teach, and (j) feedback from others
observing their teaching. The proposed core conceptual framework for studying the effects of
professional development on teachers and students provided three levels for each item. The first
level measured participation in each type of professional development, the second measured the
teacher’s perceived value of professional development, and the final measured the level of
integration of the professional development practice into their teaching. The instrument
contained 30 items designed to measure one construct. The instrument was determined to be a
valid instrument by a panel of experts, including a full professor in teacher education, an
assistant professor in extension education, and an associate professor in education. The internal
reliability was determined to be above the acceptable range with a Cronbach’s alpha of 0.91.
Personal and professional demographic data were also collected.

The professional development engagement scale was a five-item semantic-differential developed
from the Teacher Job Satisfaction Questionnaire (Lester, 1987). The TJSQ and the five-item
scale were given to the pilot group. The Cronbach’s alpha for the five-item scale was .97 for the
pilot group and was found to have a strong positive correlation (r = .68) with the TJSQ. Because
the researcher-developed semantic differential career satisfaction scale was found to be a valid
and reliable instrument, the TJSQ was not included in the instrument.



A mixed-mode e-mail preference survey method was delivered according to the Tailored Design
Method (Dillman, Smyth, & Christian, 2014). A pre-notice letter with a $1.00 incentive was
provided to the Florida, Minnesota, and North Carolina teachers. Store coupons, including a
certificate for a free hat from Murdock’s, were provided to the Colorado teachers. E-mail
contacts with a link to survey were used after the initial contact. A thank-you/reminder post-card
was sent after three rounds of e-mail contacts. A mailed paper questionnaire was sent to the non-
respondents with a business reply envelope after a fourth e-mail contact was made. The usable
response rate was 72.5% (n = 892). A Chi-square test was not found to be significant to compare
the distribution of non-respondents and respondents by state (X2 = 2.92; p = .57). Differences in
demographic variables were further compared between early and late respondents (Lindner,
Murphy, & Briers, 2001). There were 513 early respondents who responded to the first two
contacts. There were 355 late respondents who responded after the first two contacts. There were
no significant differences for age with a X2 value of 38.46 and a p-value of .74. There were also
no significant differences in the number of years of teaching experience with a Chi-squared value
of 32.36 and a p-value of .35.

According to Agresti and Finlay (2009), the assumptions of multiple linear regression are a
linearity between the variables, little or no collinearity, normality, and homoscedacity.
Correlation coefficients were calculated to ensure collinearity did not exist in the model. Hoyt,
Imel, and Chan (2008) explained that a correlation above .70 should be examined for
collinearity. A correlation between the variables Positive: The world and Focused, both from the
personal resilience questionnaire, was r = .76 and was beyond the threshold. The Pearson’s r was
above .50 for several other variables in the overall PRQ scale as well, which was described by
Miller (1998) as a substantial correlation. Collinearity diagnostics were used post-hoc in the
linear regression analysis using tolerance and Variance Inflation Factor (VIF) values. Both
values were established a priori and followed the recommendations of Agresti and Finlay. The
assumption of normality was examined by analyzing histograms and by using the indexes of
skewness and kurtosis. The assumptions of collinearity and normality were not found to be
violated. Skewness and kurtosis were determined to be with the acceptable bounds for inclusion
in linear regression models (George & Mallery, 2010). Scatterplots were examined and the
assumption of linearity was not violated (Miller, 1998). Residual scatterplots showed no
evidence of homoscedacity or heteroscedacity.

Results
The characteristics of resilience of agriscience teachers based on personal and professional
demographic factors was determined. Since the subscales that measured flexible: thoughts,
flexible: social, and proactive were not found to be reliable, the mean scores were not calculated
for those variables. Each characteristic of resilience was calculated as a value from 0-100, which
represents the range of possible scores. The overall resilience measured for the four subscales
was 68.9 (SD = 12.9) for positive: the world, 76.6 (SD = 11.0) for positive: yourself, 73.1 (SD =
11.9) for focused, and 60.8 (SD = 13.3) for organized (see Table 1).

The PRQ is a widely used instrument with over 50,000 completed PRQ instruments. Because of
the size of the data, standardized percentage (percentile) scores were available for the
respondents in this study. These standardized percentage scores show the characteristics of
resilience as compared to the general population. The mean standardized percentage scores for
the personal resilience characteristics were 41.3 (SD = 28.3) for Positive: world, 59.7 (SD =



27.2) for Positive: self, 46.1 (SD = 27.8) for focused, and 45.0 (SD = 29.3) for organized. The
standardized percentages showed that the agriscience teachers had moderate levels of personal
resilience compared to those who have taken the PRQ. The standard deviation scores were fairly
high for these areas, especially when compared to the standard deviations of raw scores, which
indicates a more erratic distribution of the standardized scores.

Table 1. Mean Scores for Personal Resilience Characteristics

M SD

All Participants (n = 892)
Positive: World 68.9 12.9
Positive: Self 76.6 11.0
Focused 73.1 11.9
Organized 60.8 13.3

Note: Characteristics of Personal Resilience are on a scale from 0-100

The purpose of objective two was to describe the relationship between the characteristics of
resilience, professional development engagement, career satisfaction, and demographic variables.
Pearson’s r correlations were used for comparisons between continuous variables. Point-biserial
correlations were used for comparisons that included dichotomous variables, including the
categorical variables that were dummy-coded for entry in the regression model. While several of
the correlations were significant, Miller (1998) explained that there is a difference in statistical
significance and practical significance. Therefore, significant correlations were not reported. The
relationship between the personal resilience characteristics ranged from r = .76, which is
considered very high between the variables Focus and Positive: self, and .23, which is considered
a low correlation between the variables Positive: world and Organized. Positive: world had a
substantial correlation with the variables Positive: self (r = .66) and Focused (r = .64).

Professional development engagement and career satisfaction had a moderate correlation (r =
34). The relationship between the personal resilience characteristics and professional
development engagement and career satisfaction ranged from r = .41 (Positive: world and career
satisfaction) to r = .16 (Organized and professional development engagement).

There was a moderate relationship between those teachers who teach middle school students and
those who teach high school students (rp» = -.34), where teachers could indicate yes and/or no for
both options. There was a moderate relationship between sex and years teaching (rp» = -.34),
which showed that more new teachers were females. Years teaching was also correlated to
teaching a subject other than agriculture (rp» = -.29), where teachers with less experience were
more likely to teach other subjects. There was a substantial correlation (rpp = -.34) between the
dummy-coded variable that compared those who earned $40,000-$59,999 in their household to
those who earned less than $40,000 with the variable that compared single individuals and
married individuals.

A stepwise backwards multiple-linear regression model was used to determine if the personal
resilience characteristics and demographic factors served as predictors for professional
development engagement. This type of regression modeling was determined to be the most
appropriate because of the exploratory nature of this study (Agresti & Finlay, 2009). The multi-
collinearity diagnostics did not indicate any violations of the assumption of multi-collinearity.



The regression model contained 26 variables, which included the categorical demographic
variables as dummy-coded variables. The 18" model was the most parsimonious model and was
significant [F (11, 824) = 12.85; p < .01]. The linear combination of all of the independent
variables in the final model predicted 13.7% of the variance in professional development
engagement as indicated by the adjusted R?. The standardized beta coefficients are displayed in
Table 2. Since standardized beta coefficients were used, the model should be interpreted using z-
scores. As the z-score for each of the variables increased by the amount of each beta coefficient,
the predicted professional development engagement score increased by one. The personal
resilience characteristics Positive: world (5 =.18; p < .01) and Focused (8 = .20; p < .01) were
both significant predictors of resilience. The professional demographic characteristics that were
significant were years of teaching experience (# = -.09; p < .05), and Florida agriscience teachers
(8 =-.08; p=.02). The significant personal demographic variables included in the final model
were female (5 =.09; p < .05), having one child (8 = -.07; p < .05), and non-white and Hispanic
(8 =.11; p <.01). The model indicated that as Positive: world increased by 12.9, the predicted
professional development engagement increased by 2.41. The model also indicated that as
Focused increased by 11.9 the predicted professional development engagement increased by
2.68. As years of teaching increased by 9.46 the predicted professional development engagement
decreased by 1.20. The model also indicated Florida agriscience teachers, individuals with one
child, and white/non-Hispanic individuals are less likely to be engaged in professional
development than their comparison groups.

Table 2. Backwards Multiple Regression of Professional Development Engagement on Selected

Factors
Standardized S p
Constant 81.88

Positive: World 18 <.01**
Focused .20 <.01**
Years of Teaching Experience -.09 02*
Colorado Agriscience Teacher? -.02 .63
Florida Agriscience Teacher? -.08 .02*
Minnesota Agriscience Teacher? .07 .06
Female .09 01*
One Child ® -.07 .03*
Two Children® -.05 14
Three Children® .00 99
Non-white and Hispanic .09 <.01**

Note: Adjusted R?=.137
2 North Carolina served as the comparison group. ® No children served as the comparison group.
*p < .05, **p < .01

Objective 4

A stepwise backwards multiple regression model was used to determine if the personal resilience
characteristics and demographic factors served as predictors for career satisfaction. The multi-
collinearity diagnostics did not indicate any violations of the assumption of multi-collinearity.
There were 26 variables in the initial regression model, which included the categorical
demographic variables as dummy-coded variables. The 24" model was the most parsimonious



model and was significant [F (3, 802) = 73.61; p < .01]. The linear combination of the variables
in the model predicted 21.4% of the variance in career satisfaction as determined by the adjusted
R?. The standardized beta coefficients are displayed in Table 3. The personal resilience
characteristics Positive: world (8 = .22; p <.01) and Focused (f = .25; p <.01) were both
significant predictors of resilience. The professional demographic variable of years of teaching
experience was also a significant predictor in the model (5 =.11; p <.01). The standardized beta
coefficients describe the change in predicted career satisfaction score in terms of standard
deviation increases in the predictor variables when controlling for the other variables in the
model. This model predicted as individuals’ Positive: world increased by 12.9, the predicted
career satisfaction increased by 0.97, as Focused increased by 11.9, the career satisfaction
increased by 1.10, and as years of teaching experience increased by 9.46, the career satisfaction
increased by 0.48.

Table 3. Backwards Multiple Regression of Career Satisfaction on Selected Factors

Final Model p
Constant 7.10
Positive: World 22%* <.01
Focused 25** <.01
Years of Teaching Experience 1** <.01

Note: Adjusted R?=.214; **p < .01

Conclusions and Recommendations
The purpose of this study was to determine if personal resilience was a predictor of professional
development engagement and career satisfaction of agriscience teachers. The results revealed the
linear combination of personal resilience characteristics Positive: world and Focused, along with
the demographic variables, explained 13.7% of the variance in professional development
engagement. Thus, as these personal resilience characteristics increases, the predicted
professional development engagement increases. If personal resilience were a static variable,
these findings would not hold implications for agriscience teachers. However, since personal
resilience can be improved, so too can professional development engagement. Over 86% of the
variance is professional development engagement is explained by other variables. Determining
these variables should be the focus of future studies. It is important to note only four personal
resilience characteristics were included in this model, and only two were significant. For an
individual to improve their resilience, Conner (1993) recommended that individuals focus on the
weak areas in their own resilience profile and improve those areas. The implications for this
finding should be examined on several levels. First, those who are planning and implementing
professional development should consider ways to improve the resilience of the agriscience
teachers in the areas of Positive: world and Focused. Second, agriscience teachers should
consider ways to improve their own resilience and work to become more resilient individuals.

Years of teaching experience served as a significant predictor of professional development
engagement and career satisfaction in the regression models. These findings indicated teachers
who are later in their careers may be less engaged in professional development. Further research
is needed to determine the types of professional development that are appropriate for teachers in
different times in their career. Fessler and Christensen (1992) proposed similar practices for
professional development.



Florida agriscience teachers was a significant predictor in the model, where Florida teachers had
lower scores in their professional development engagement when compared to North Carolina
teachers. The possibility of professional development differences was a reason multiple states
were selected in the study. An analysis of the effective characteristics of professional
development that lead to engagement would illuminate these findings and is recommended.
Making comparisons between states was not the purpose of this study. Future studies should be
conducted to determine how differences in state professional development structures impact
engagement and ultimately impact student learning.

Female agriscience teachers, compared to males, served as a predictor variable in the model. The
beta for the variable was positive, which indicated females were more likely to be resilient than
males. The mean score for professional development engagement was three points higher for
females, which was not tested for significance. The point-biserial correlation between males and
females and years teaching was -.33, which matched the findings of Foster, Lawver, and Smith
(2014) that showed females are entering into the profession at a much higher rate than males.
Werner and Smith (2001) and Rutter (1979, 1985) found females tend to be more resilient than
males, which was not indicated by the means of the personal resilience characteristics used in
this study. However, since sex served as a significant predictor, there is evidence of a possible
interplay amongst the variables.

Having no children compared to having one child under 18 living in the household was a
significant predictor of professional development engagement in the model. It is interesting to
note that comparisons between no children, two children, and three or more children were not
significant predictors. Fessler and Christensen (1992) theorized that a significant life event may
lead to change in professional development participation. While the age of the children was not
part of the instrument, the inclusion of this variable in the model raises questions about the
impact of having a child on professional development engagement. Further studies should be
conducted to determine what effect significant life events have over professional development
engagement, and more importantly, what support could be provided to help agriscience teachers
grow and develop. Resilience affects an individual’s ability to maintain a high level of
performance despite difficult or stressful events. Further research is needed to determine if
resilience is useful during times of family change or if a decrease in professional development
engagement is temporary and should be expected.

The mean scores for professional development engagement were slightly higher for the non-
white and Hispanic group than the rest of the population. While there was a low number (n = 43)
for this group, these findings showed that non-white or Hispanic agriscience teachers may be
more likely to engage in professional development practices, particularly as their resilience
increases. Further research in needed to explore the relationship between resilience and ethnicity.

The linear combination of personal resilience characteristics Positive: world, Focused, and years
of teaching experience predicted 21.4% of the variance in career satisfaction. Because this model
explains 21.4% of the variance in career satisfaction, resilience can be counted as a factor in
explaining career satisfaction. This study did not establish time order; therefore, it cannot be
concluded that an increase in these personal resilience characteristics will cause an increase in
career satisfaction. It does however, point to the relationship between these variables.



These data showed that more experienced teachers are more likely to be satisfied in their career.
However, it is reasonable to assume that those who enjoy teaching agriscience are more likely to
remain in that career over a long period of time, and those who are not satisfied in their career
are likely to seek other career opportunities. This does suggest that career satisfaction could be a
predictor of career exit or burnout, and drawing conclusions about these variables is beyond the
scope of this study.

The areas of Positive: world and Focused are particularly telling for agriscience teachers.
Positive: world describes an individual’s optimism about the world around them. Individuals
who are resilient in this area are able to see the positive aspects of disruptive change. Teachers
are faced with a high level of change and uncertainty (Henderson & Milstein, 2003). Teachers
should be encouraged to develop strategies to cope with disruptive change and to see the positive
possibilities that come from change. While change may seem frustrating and bring about
unknowns, it could have positive implications for students. Focused refers to an individual’s
ability to have a purpose or direction that guides their actions and is defined by clear goals.
Because agriscience programs are so diverse and have so many opportunities for students and
teachers, it is imperative that teachers have a level of focus that guides their program. Without
this focus, it is easy for agriscience teachers to become overwhelmed by the myriad of available
opportunities. Agriscience teachers should be encouraged to set clear, long-term goals and
priorities that guide their actions. Organizations that provide support for agriscience teachers
should also provide support and structure for helping teachers to establish these goals.

The literature showed that resilience could be enhanced for teachers, in general, through collegial
and collaborative support (Gu, 2014), positive relationships, work-life balance (Gu & Day,
2013), and participation in professional development (Huisman et al., 2010). This study provided
quantitative support to these qualitative findings. Thieman et al. (2012) provided a cursory
investigation of the promise of resilience for agriscience teachers. This study echoed their call
for more research on the resilience of agriscience teachers. Agriscience teachers are faced with
unique and challenging career responsibilities (Phipps, Osborne, Dyer, & Ball, 2008). Further,
they operate in a complex web of professional development and growth systems (Greiman,
2010). Because of these challenges, the individuals involved in these systems, including teachers,
teacher educators, school staff, FFA staff, state agricultural education leaders and state and
national NAAE leaders, should be encouraged to provide quality professional development
offerings and work with teachers to improve their resilience in hopes of making them more
satisfied in their career.

The PRQ was used because it was an established instrument in an emerging field. However, only
four constructs of the instrument were deemed reliable. The PRQ has great value as a
commercial instrument to help individuals and groups become aware and improve their
resilience. However, because of the issues encountered in this research, new measures of
resilience should be developed that accurately measure resilience for agriscience teachers.
Because the Flexible: thoughts, Flexible: social, and Proactive were not included in the model,
one can only speculate as to their predictive power as they are related to the major variables in
this study. Further research is needed to develop an instrument that provides a valid and reliable
measure of resilience for agriscience teachers.



Further research is needed in the area of resilience as it relates to agriscience teachers. This study
found that two of the characteristics of resilience were predictors for professional development
engagement and career satisfaction. Further investigation using various measures of resilience
could be informative. Since research in this area is still emerging, further research is needed to
develop an instrument that effectively measures resilience for agriscience teachers. Research
related to personal resilience should determine the utility of resilience for agriscience teachers.
The data in this study suggested resilient agriscience teachers tend to be more engaged in
professional development and more satisfied in their careers. However, resilience could lead to
other factors for agriscience teachers. Future studies should examine if resilience is related to
student learning outcome variables.

Research related to resilient agriscience teachers should also examine the nature of resilience for
agriscience teachers. Hoopes and Kelly (2004) proposed that resilience is amenable. However,
how often or how much resilience changes over a person’s career is not known. Future research
should investigate how resilience changes for agriscience teachers over their career. Research
should also be conducted to determine effective ways to improve resilience for agriscience
teachers throughout their careers. The literature showed that positive relationships could have an
impact on resilience (e. g., Johnson et al., 2015). The findings of this study suggested teachers
value mentor/mentee relationships and informal dialogue with peers. Research should be
conducted to determine the effects, particularly as they relate to the development of personal
resilience, of programs that foster the development of mentor/mentee relationships and informal
dialogue between agriscience teachers. Since Henderson and Milstein (2003) postulated that
resilience is amenable, further research is needed to determine other ways to improve the
resilience of practicing and preservice agriscience teachers.

Agriscience teachers are often confronted with change. National school policy, local school
initiatives, state agricultural education groups, and national and state FFA associations are just a
few of the agents that can introduce significant change into the practice of teachers. The findings
of this study suggested teachers are more satisfied in their career if they can focus on the
positives of disruptive change. Agriscience teachers should be encouraged to develop
collaborative support systems to help them manage change and focus on the positive impacts of
change for themselves and their students.

The data in this study also showed a connection between the personal resilience characteristic of
focused and professional development engagement and career satisfaction. Agricultural
education began with the simple purpose of educating boys to be more productive on their farm
or in specific agriculture vocations (Phipps et al., 2008). Today, the focus of the programs has
changed, and agriscience teachers are charged with providing education for diverse students to
prepare for a number of careers in the agricultural industry, as well as provide education to create
an agriculturally literate citizenry (Roberts & Ball, 2009). The opportunities for students have
multiplied, which can create a burden on teachers to provide as many opportunities for their
students as possible. The findings of this research showed that agriscience teachers may benefit
from focused goal setting for their program and themselves. Having a clear goal for their
program and students could encourage teachers to focus on the opportunities that help meet the
overall goals and avoid becoming overcommitted. Mentor relationships or informal dialogue
could provide this support. Advisory councils and FFA Alumni chapters could be a source of this
support for agriscience teachers.
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Investigating the Motivational Changes of Pre-service Agricultural Education Teachers
During a Six-Week Project-Based Learning Experience

Richie Roberts, Oklahoma State University
J. Shane Robinson, Oklahoma State University

Abstract

The Planning the Community Program in Agricultural Education course exists to provide pre-
service teachers in agricultural education with experiences in FFA and SAE. As such, pre-
service teachers embarked on a six-week project-based learning experience in Spring 2016 in
which they raised a pen of broilers from a one-day old chick to harvest ready (42 days). The
broilers were used as the context to learn about data management and Supervised Agricultural
Experiences (SAEs). In this case study, we examined pre-service teachers’ motivation regarding
their self-reported beliefs and perspectives for participating in the six-week project-based
learning experience. As a result of the study, three themes emerged: (a) initial self-ambition, (b)
achievement stagnation, and (c) stabilized self-concept. Students began the project with high
motivation and excitement. However, toward the midway point of the project, students’
motivation waned, due to monotony and challenges. Finally, during the last two weeks, pre-
service teachers’ motivation stabilized, as their self-concepts and reflection abilities matured.
The study holds important implications for how teacher educators in agricultural education
should design and deliver future project-based learning experiences regarding students’
motivational processes. Specifically, this study indicates that, although student motivation may
fluctuate at various stages, it is developed and sustained in a successive manner over time.

Introduction

Agricultural education exists, as a discipline, to enable students to learn valuable life skills
necessary for employment in various sectors of the agricultural industry through rich,
experiential learning opportunities (Baker, Robinson, & Kolb, 2012). However, creating such
opportunities, where students are expected to apply their knowledge and skills in various
contexts, can be a difficult yet imperative task (Arnold, Warner, & Osborne, 2006). To be
deemed effective, agricultural education teachers are expected to be quality classroom
instructors, have a solid understanding of and be able to advise students in the FFA program, and
operate, maintain, and utilize all school-based laboratories (Roberts & Dyer, 2004) by providing
rich experiences across the comprehensive agricultural education model (Baker et al., 2012).

Agricultural education teachers face a myriad of challenges regarding their professional role.
Among them is a lack of student motivation for learning or experiencing agriculture (Boone &
