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As microcontrollers become more connected to modern agriculture, there is a growing need to integrate these technologies into school-based agricultural education (SBAE). However, most SBAE teachers lack the formal training to teach programming and circuit construction. Framed by self-efficacy and cognitive load theories, this study sought to evaluate a microcontroller curriculum-based professional development workshop for SBAE teachers. Thirty-six SBAE programs across Arkansas, Pennsylvania and Utah participated in the study. Participants received curriculum and teaching resources to implement microcontroller curriculum into their classrooms. Using a convergent mixed-methods design, the study measured changes in teacher confidence and knowledge (quantitative) and explored implementation experiences through focus groups (qualitative). Results indicated statistically significant increases in both confidence (d = 0.77) and knowledge (d = 1.47). Additionally, teachers reported agreeable to curriculum implementation, ease of use and intent to use the materials. Post-implementation focus group data yielded qualitatively themes highlighting the importance of active hands-on engagement with the content, emphasizes on agricultural relevance within the curriculum, and the role of "productive struggle" when implementing the microcontroller curriculum. While teachers intend to continue using the curriculum, additional professional development opportunities are recommended to increase teachers’ confidence in teaching microcontrollers to their students. 

Introduction

A microcontroller is a miniature programmable computer, consisting of a single integrated circuit, capable of receiving inputs from sensors, executing programmed instructions, and controlling electrical, electronic, and electro-mechanical outputs (Shi et al., 2020). Microcontrollers are widely used in agriculture in tractors and machinery (Goering & Hansen, 2008), precision agriculture (Joice et al., 2025), greenhouse automation (Liu, 2022), animal feeding (Peng et al., 2022), food processing (Alabi et al., 2025), irrigation (Ferrarezi et al., 2015), crop management (Xan et al., 2024), agricultural research (Fisher & Kebede, 2010), and other applications. According to Shi et al. (2020), a modern agricultural tractor may have a dozen or more microcontroller-based electronic control units monitoring and controlling the engine, transmission, hydraulics, guidance, and equipment functions. 

Because of the widespread use of microcontrollers in agriculture, school-based agricultural education (SBAE) teachers and students should have a basic understanding of these powerful devices and their agricultural applications (Blinded, 2024; Hood, 2022; Titovskaya et al., 2019). However, a review of recent research concerning topics taught in preservice agricultural mechanics courses (Anderson et al., 2023; Bryd et al., 2024; Granberry, 2022; and Hainline & Wells, 2019) indicated the use and programming of microcontrollers was not a subject taught in preservice SBAE teacher education programs. Thus, current SBAE teachers are not sufficiently prepared to incorporate instruction about microcontrollers into their programs. 

Recognizing this need, we applied for and received a USDA-NIFA SPECA grant to develop curriculum, train teachers, and incorporate microcontrollers into 36 SBAE programs (Phase 1) in three states. We selected the Arduino UNO (Arduino, 2025, November), an open-source, relatively easy to use, programmable microcontroller, widely used in teaching beginning and advanced students (Al-Abad, 2017; Herger & Bodarky, 2015), as the microcontroller for use in the project.

Despite the comparative simplicity of the Arduino UNO, researchers (Arslan & Tanel, 2021; Blinded, 2022; and DesPortes & DiSalvo, 2019) have reported that novice learners have trouble constructing (breadboarding) electronic circuits and programming Arduinos. For this reason, we designed, conducted, and evaluated a curriculum-based professional development workshop for teachers in each state prior to implementing the curriculum. During the workshop, each SBAE program (N = 36) received six classroom microcontroller kits; a printed copy of the microcontroller curriculum; access to the project website which included all curriculum materials, Arduino codes, and instructional videos; and hands-on instruction on circuit breadboarding and Arduino programming for the six student activities included in the “Introduction to Arduino UNO” module.

Theoretical Framework

The theoretical framework for this study was drawn primarily from Bandura’s (1977, 1986, 1997) self-efficacy theory and Swiller’s (1988) cognitive load theory. According to Bandura (1977, 1986, 1997), self-efficacy, a learner’s confidence in their ability to obtain a desired outcome, is influenced by mastery experiences, vicarious experiences, and social persuasion experiences, all operating within the context of the individual’s emotional state. Mastery experiences have the largest impact on self-efficacy and occur when a learner perceives they have successfully completed a task. Vicarious experiences, exerting the next largest impact on self-efficacy, occur when a learner sees other, similar learners successfully complete a task. Social persuasion experiences, which have the least impact on self-efficacy, occur when a trusted other, such as a parent or teacher, expresses confidence that the individual can successfully complete a task. Emotional state refers to the level of anxiety a learner experiences when presented with a task and is affected by their judgement of the likelihood of success or failure in completing the task. 

Zimmerman (2000) indicated that self-efficacy is task specific, writing that “efficacy beliefs about performance on a history test may differ from beliefs about a biology examination” (p. 83). Smith et al. (2006) found that students’ failure at a specific task reduced self-efficacy for that task but did not affect their general sense of self-efficacy. Bandura (1977, 1986, 1997) posited that self-efficacy is related to task persistence; when learners have higher task self-efficacy, they tend to persist in a task despite difficulties; when learners have low task self-efficacy, they tend to discontinue a task and are likely to subsequently avoid the task (McKim & Valez, 2016). An example aligned with the American Association for Agricultural Education research value of “Increasing Prosperity Through Innovation in AFNR Systems” (AAAE, 2023, p. 14) is the documented tendency for some students to avoid STEM-related majors or agricultural technology coursework due to mathematics anxiety and fear of failure. Research indicates that students may intentionally select non-STEM pathways or opt out of technology-rich agricultural courses as a strategy to minimize perceived academic risk, thereby limiting their exposure to innovative AFNR systems and career opportunities (Choe et al., 2019; Pate et al., 2023). This avoidance behavior has implications for workforce readiness and the development of human capital needed to advance innovation and productivity within AFNR systems. According to Rottinghaus et al. (2003) and Zimmerman (2000), self-efficacy and interest are related constructs. In a meta-analysis of 53 studies, Rottinghaus et al. found a correlation of r = .59 between self-efficacy and interest, indicating a moderate (Davis, 1971), positive relationship between the two constructs. Bandura (1986) posited a ‘threshold effect’ of self-efficacy on interest, stating “at least moderate self-efficacy may be required to generate and sustain interest in an activity but additional increases in self-efficacy above the threshold level do not produce further gains” in interest. Thus, a relatively brief educational intervention, such as a professional development workshop, may be sufficient to increase teachers’ self-efficacy to the threshold level necessary to support interest in a new technology concept such as programming and coding microcontrollers. 

Cognitive load theory (Clark et al., 2006; Sweller, 1988) posits that learners have limited working memory and can process only a small amount of new information (cognitive load) at one time. Thus, effective instruction requires management of three types of cognitive loads; intrinsic, germane, and extraneous. According to Clark et al.(2006), intrinsic load is the “mental work imposed by the complexity of the content” (p. 9); germane load is the “mental work imposed by instructional activities that benefit the instructional goal” (p. 11); and extraneous load is any instructional activity that “imposes mental work that is irrelevant to the learning goal” (p. 12). In the context of novice teachers learning microcontroller, intrinsic load would consist of the mental work imposed by learning basic circuit construction and programming, germane load would be the mental work required to integrate circuit construction and programming into a cohesive mental model, and extraneous load would be any mental work imposed by instructionally irrelevant activities such as learning the history of microcontrollers.  

 Purpose & Objectives

The purpose of this study was to evaluate the impact of microcontroller professional development workshop on secondary agriscience teachers' ability to integrate the curriculum into their program. This study aligns to the AAAE research value “Increasing Prosperity Through Innovation in AFNR Systems” (AAAE, 2023, pg. 14) by introducing SBAE teachers to new technologies being implemented in agricultural industries and evaluating curriculum to facilitate the development of workforce skills relevant to these emerging technologies. The following research objectives guided this study: 
1. Describe the demographic characteristics and professional background of the workshop participants.
2. Determine if significant (p < 0.05) differences existed between participants’ pre- and post-test scores on confidence and knowledge for teaching microcontrollers. 
3. Describe teacher’s perceptions of microcontroller curriculum implementation, ease of use and intent to use materials after workshop completion.
4. Qualitatively explore the perceptions and experiences of participants related to implementing the microcontroller curriculum into their SBAE programs. 

Methods

The microcontroller integration project was publicized in Arkansas, Pennsylvania and Utah through the state agricultural education email list, by announcements and flyers at state teacher meetings, and through personal contacts. We accepted self-nominations from teachers, and, in June 2025, we selected 37 teachers (from 36 programs) to participate in Phase 1 of the project. SBAE program selection was evenly disrupted between the three states. Selection criteria included geographic location within each state and AFNR pathway(s) taught. Each selected teacher was invited to participate in a curriculum-based professional development workshop during each state’s agriculture teachers conference in summer or fall 2025. We used a common content outline for each workshop; however, the length of each workshop varied from two hours to four hours, based on logistical constraints. Due to late confirmations and unexpected absences, 30 teachers in total participated in the three workshops. Thirty-seven teachers completed the pretest online prior to the workshop, and 30 teachers completed the posttest immediately after completing each workshop. Only data for teachers (n = 30) who completed the pretest, workshop, and posttest were analyzed and reported for objectives two and three.  

Intervention (Teacher Workshop Design)

We applied self-efficacy theory (Bandura, 1977, 1986, 1997) and cognitive load theory (CITE) in designing and conducting the teacher professional development workshops. First, we attempted to reduce teacher anxiety and create a positive emotional state by expressing appreciation to the teachers for volunteering to teach the pilot curriculum, sharing our own personal successes and failures in learning to use microcontrollers, and assuring teachers that occasional difficulties were to be expected in learning new technologies. Next, we began instruction with low-stakes, mastery-oriented tasks such as identifying the parts and functions of the microcontroller, breadboard layout, operation of basic electronic components such as resistors and light emitting diodes (LEDs), constructing a simple resistor-LED circuit, and writing a program to cause the LED to blink on and off at one-second intervals. This process continued throughout the workshop as instruction progressed from simple to more complex circuits and programs. In addition, we also incorporated periodic teacher discussion of how these activities could best be integrated into SBAE classes.

This design enhanced self-efficacy by providing teachers with positive mastery, vicarious, and social persuasion experiences as they successfully completed each task, saw peer teachers experience success, and received positive encouragement from the instructors (Bandura, 1977, 1986, 1997). This design was also consistent with cognitive load theory (Clark et al., 2006; Sweller, 1988) in that we sought to manage intrinsic load (by introducing new skills in small, sequenced increments with practice), maximize germane load (by sequentially building teachers’ mental models of how microcontrollers work how they can be used in the classroom), and, as much as possible, eliminating extraneous load by focusing workshop activities on only the essential skills necessary to teach the curriculum. Previous research (Blinded, 2022, 2023) found these practices were effective in teaching novice college students about Arduinos.

Evaluation Model

Kirkpatrick’s (Kirkpatrick & Kirkpatrick, 2016) model was used to evaluate the professional development workshop. The model consists of four levels - reaction, learning, behaviors, and results - which gain complexity across levels. This preliminary study sought to evaluate only the workshop and focused on the first two levels - reaction and learning. For reaction, the overarching evaluative question was, “What were teachers’ reactions to the professional development workshop and curriculum materials?” For learning, the overarching evaluative question was, “To what extent did teachers feel equipped to teach the content in their classrooms?” Future research will evaluate behaviors (curriculum adoption) and results (student outcomes) of the project.  

Instrumentation

[bookmark: _Hlk218525923]The pretest contained four items assessing teachers’ confidence for teaching the microcontroller curriculum [measured on a 1 (not confident) to 5 (very confident) Likert-type scale], and three items assessing teachers’ perceived knowledge about microcontrollers [on a 1 (no knowledge) to 5 (expert knowledge) Likert-type scale]. The pretest also included four items to collect data on teacher characteristics - grade level(s) and AFNR pathways taught, years of teaching experience, and previous experience with microcontrollers. These items included fixed-response formats. The posttest assessed teachers’ confidence and knowledge for teaching the microcontroller curriculum using the same items and response scales as in the pretest. The posttest also included items measuring teachers’ perceptions of curriculum implementation, ease-of-use of the curriculum materials, and intent to use the curriculum past pilot testing period [5 questions per construct measured on a 1 (strongly disagree) to 5 (strongly agree) Likert-type scale].

Quantitative Data Collection and Analysis

Thirty-seven teachers participated in one of the three state workshops. Thirty teachers provided complete and usable data for the posttest; however, only 29 provided usable data for the pretest. Five (17.9%) of the pretests had missing data for one or more items in either the confidence or knowledge constructs. If a pretest had missing data for only one item in a construct, mean imputation, using the mean of that individual’s other responses to the items in that construct, was used to substitute for the missing value (Baraldi and Enders, 2010).  If data was missing for more than one item in a construct, that respondent was deleted from subsequent analysis for that construct. This resulted in 28 usable pretest responses for the confidence construct and 26 for the knowledge construct.  

Surveys were administered online before (pretest) and after (posttest) the workshops. All survey responses were anonymous in order to reduce social desirability bias (Edwards, 1958) among the respondents. Because it was not possible to match individual surveys, independent t-tests were used to compare pretest and posttest results for the confidence and knowledge constructs. Data were analyzed using R version 4.5.0 (R Core Team, 2020), and summated construct means were interpreted using the real limits proposed by Lindner and Lindner (2024) for 5-point scales. 

Based on the reliability criteria established by George and Mallery (2003) all constructs displayed acceptable to excellent reliabilities (α > 0.70). The reliability scores for all domains are presented in Table 1. Reliability of demographic and situational items was not assessed because, according to Salant and Dillman (1994), “questions about personal attributes and behaviors produce very little measurement error” (p. 87). The instruments were evaluated for face and content validity by three faculty members with experience teaching microcontrollers and in delivering professional development workshops for SBAE teachers and were judged to be valid for the purposes and subjects in this study.

Table 1
Cronbach’s Alpha Scores for Microcontroller Professional Development Constructs
	[bookmark: _Hlk218512076]Constructs
	n
	Number of Items
	Cronbach’s Alpha 

	Pre-Confidence
	28
	4
	0.935

	Pre-Knowledge
	26
	3
	0.956

	Post-Confidence
	30
	4
	0.765

	Post-Knowledge
	30
	3
	0.854

	Implementation
	30
	5
	0.867

	Ease of Use
	30
	5
	0.753

	Intent to use Materials
	30
	5
	0.953



Post-workshop Qualitative Follow-up Participant Recruitment and Sample

During the fall semester term, two focus groups were conducted with participants of the summer workshops. The first focus group occurred in October while a second focus group occurred in November. Teachers were not required to attend both sessions. Sessions were scheduled to accommodate participants’ availability. All 37 secondary SBAE teachers who participated in the microcontroller training program were invited to take part in follow-up focus groups after implementing the microcontroller curriculum in their classrooms. This invitational approach targeted a purposive sample of teachers with direct experience of the intervention, consistent with qualitative sampling strategies that seek information-rich cases for in-depth insight (Bouncken et al., 2025). Participation was voluntary. Zoom meetings were schedule to facilitate meeting with teachers across three time zones. Nine teachers consented and participated in the focus group meetings. These nine volunteers formed the focus group sample, reflecting a small but purposefully selected cohort of individuals positioned to provide rich, detailed perspectives on the curriculum implementation (Bouncken et al., 2025). While focus groups typically involve around 4–12 participants (Tong et al., 2007), smaller groups can still yield productive discussion and were deemed appropriate given the response rate. This design ensured each teacher had ample opportunity to share their experiences, and conducting two sessions allowed for some diversity of perspectives across groups. All participants were experienced SBAE teachers who had completed the workshop training, ensuring a relatively homogeneous group in terms of background and thus facilitating open conversation in line with focus group best practices (Graham & Bryan, 2022) (i.e., participants shared a common context but could discuss varying experiences within that context). No incentives were offered for participation; involvement was entirely voluntary.

Post-Workshop Focus Group Procedures

A focus group methodology was used to collect qualitative data, as focus groups facilitate interactive discussion that allows participants to reflect on and clarify shared experiences (Tong et al., 2007). Two focus groups were conducted virtually via Zoom to accommodate participants’ geographic dispersion and scheduling constraints, consistent with emerging best practices for online qualitative research (Santhosh, 2021). Video was enabled to capture nonverbal cues and support conversational flow. Each session lasted approximately 60 minutes and was scheduled at a time convenient for participants to minimize fatigue and support engagement (Santhosh, 2021).
Sessions were moderated by a Ph.D.-level qualitative researcher external to the grant project to reduce potential bias and power dynamics (Tong et al., 2007). After reviewing ground rules and obtaining informed consent, discussions were guided by a semi-structured protocol with open-ended questions designed to explore teachers’ experiences implementing the Arduino curriculum. All sessions were audio-video recorded with permission, securely stored, and transcribed verbatim for analysis. The semi-structured format ensured consistency across groups while allowing flexibility for participants to introduce emergent topics (Santhosh, 2021). 

Qualitative Data Analysis

Focus group data were analyzed using reflexive thematic analysis, a qualitative approach for identifying and interpreting patterns of meaning across textual data (Braun & Clarke, 2006). A qualitatively trained researcher followed Braun and Clarke’s (2006) six-phase analytic process. Analysis began with data familiarization through multiple readings of each transcript, during which initial analytic notes were recorded. Systematic, line-by-line coding was then conducted using qualitative data analysis software. Coding was primarily inductive and iterative, with codes refined, combined, or redefined as engagement with the data deepened.

[bookmark: _Int_IcIHcAvg]Following initial coding, codes were examined for patterns of similarity and relationship and clustered into candidate themes. Themes were reviewed and refined through recursive engagement with coded extracts and the full data set to ensure coherence, distinction, and alignment with participants’ accounts. Both semantic and latent themes were considered to capture explicit statements and underlying meanings. Analytic memos were maintained throughout to document decisions and reflexive considerations, supporting transparency and rigor. The resulting themes represent shared patterns in teachers’ experiences implementing Arduino microcontrollers and are presented in the Findings section with supporting verbatim quotations. While not intended to be statistically generalizable, analytic rigor was supported through prolonged engagement, systematic documentation, and evidentiary coherence (Braun & Clarke, 2006). Given the small sample size (n = 9), thematic saturation was assessed through recurrence of key ideas across both focus groups, indicating that the primary shared perspectives were captured (Bouncken et al., 2025).

Findings

This study employed a convergent design to examine teachers’ perceptions of microcontrollers in agricultural education before and after curriculum implementation. Quantitative data were used to capture participants’ confidence and knowledge before and following the professional development workshop, while qualitative data provided deeper insight into how those perceptions evolved after teachers implemented microcontroller lessons in their own classrooms. This study recorded data from 37 participants over three workshops from three states during the summer of 2025. Demographic information was collected in the pretest electronic survey (N = 37). Only 30 participants completed the posttest survey and nine participated in the focus groups. 

Quantitative Findings

The demographic profile of all participants (N = 37) that attended the workshop is detailed in Table 2. The majority of the attendees were experienced educators, with over half (54%) reporting more than 10 years of teaching experience. Most workshop participants taught 9th through 12th grade (56%) or 7th through 12th grade (31%). Participants that specified Other (14%), noted a smaller range of grade taught with two teachers instructing 10th through 12th grade and 8th through 12th grade, and one teacher only instructing 9th and 10th grade. The primary subject matter taught by the participants was Agricultural Mechanics Systems (53%). Participants identifying their subject area as Other (14%) consisted of one student teacher and the rest identifying their subject matter as general agricultural sciences. Prior to the workshop, 78% of participants reported no experience with microcontrollers. Those with prior experience all indicated they had taught microcontrollers in a formal education setting with varying degrees of experience. 

Table 2
Participant Demographics (N = 37)
	Item
	n (%)

	Grades Instructing
	

	7th to 12th 
	11 (31%)

	9th to 12th 
	20 (56%)

	Other
	5 (14%)

	
	

	Primary Subject Area 
	

	Agricultural Mechanics Systems
	19 (53%)

	Agricultural Production Systems
	4 (11%)

	Animal and Veterinary Science
	4 (11%)

	Natural Resource
	2 (6%)

	Plant Science
	2 (6%)

	Other
	5 (14%)

	
	

	Years of Teaching
	

	less than 1 year
	3 (8%)

	1 year
	4 (11%)

	2-5 years
	5 (14%)

	5-10 years
	5 (14%) 

	More than 10 years
	20 (54%)

	
	

	Experience with Arduinos/Microcontrollers
	

	Yes
	8 (22%)

	No
	29 (78%)


Note. Some participants did not answer questions within the demographic sections; therefore, the frequency reported could be less than N = 37. 

To address research objective two, an independent samples t-test (Table 3) was conducted to evaluate the impact of the workshop on participants' confidence and knowledge regarding implementing the microcontroller curriculum based on pretests (n = 29) and posttests (n = 30) . There was a statistically significant increase in confidence and knowledge from pre-workshop to post-workshop, represented by a large effect size. Using the real limits proposed by Lindner and Lindner (2024), despite the increase in the mean, teachers remained neutral for confidence, while increasing in knowledge from very little to some (Lindner & Lindner, 2024). 

Table 3
Pre- and Post-Workshop Confidence and Knowledge working with Arduinos
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	Pre-Workshop
	Post-Workshop
	
	

	Measures
	M
	SD
	M
	SD
	ΔM
	t
	p
	df
	Cohen’s d

	Confidence a
	2.69
	1.05
	3.39
	0.72
	0.70
	3.41
	0.004
	27
	0.77

	Knowledge b
	2.24
	1.02
	3.59
	0.65
	1.35
	5.57
	<0.001
	24
	1.47


a Measured on a 1 (not confident) to 5 (very confident) scale. b Measured on a 1 (no knowledge) to 5 (expert knowledge) scale.  

Objective three sought to describe the teachers’ perceptions of the microcontroller curriculum post workshop. Participants were asked questions about the implementation, ease of use, and intent to use the microcontroller curriculum. All constructs show a positive perception with means in the agree category on the 5-point Likert scale (Lindner & Lindner, 2024).  

Table 4 
Teacher Perceptions of Microcontroller Curriculum Post Workshop (n = 30)
	Measure
	M
	SD

	Implementation
	3.77
	0.55

	Ease of Use 
	3.85
	0.47

	Intent to use Materials
	4.16
	0.58


Note. Measured on a 1 (strongly disagree) to a 5 (strongly agree) scale.

Qualitative Findings

Using Braun and Clarke’s (2006) six-phase thematic analysis approach, analysis of two focus group transcripts (n = 9) yielded six emergent themes describing teachers’ experiences implementing the microcontroller curriculum following the professional development workshop. These themes illuminate how hands-on professional learning, instructional relevance, and support structures influenced teachers’ confidence, instructional decision-making, and classroom implementation.

Theme 1: Learning by Doing Builds Teacher Confidence
Participants consistently emphasized that hands-on engagement during professional development was the most influential factor in building confidence in implementing microcontroller instruction. Teachers valued engaging in the same tasks their students would complete, which reduced uncertainty and increased preparedness. One participant explained, “The big part that was helpful about it was just everything we did was the same thing the kids are going to do” (Teacher #3). Another echoed this sentiment, noting, “Having the hands-on, do exactly what the kids are going to do, was very helpful” (Teacher #4). Teachers described the training as particularly effective for those who do not identify as technologically inclined. As one participant shared, “I don’t computer well, but I do really well once I’ve seen how to do it” (Teacher #1). These findings suggest that experiential learning opportunities supported mastery experiences critical to teacher self-efficacy.

Theme 2: Productive Struggle Is Central—for Teachers and Students
Teachers described encountering challenges during both training and classroom implementation; however, these struggles were framed as productive and confidence-building, rather than discouraging. Participants frequently referenced moments of failure as learning opportunities.
One teacher reflected, “We were smoking and sparking, but it sounds like that got fixed… by the time I was done with the program, I was feeling more confident” (Teacher #1). Another stated, “We all learned some hard lessons on things that you should do and shouldn’t do” (Teacher #5). Teachers also extended this mindset to student learning. As one participant noted, “Sometimes it’s code that we can’t figure out, sometimes it’s the actual wiring… but it’s never been in any one piece like just flat out couldn’t do any of it” (Teacher #1). This theme highlights the normalization of struggle as an expected component of learning complex technical skills.

Theme 3: Curriculum Credibility Comes from Agricultural Relevance
Participants emphasized that curriculum acceptance and student engagement were closely tied to authentic agricultural applications. Teachers reported that students more readily engaged when microcontrollers were explicitly connected to real-world agricultural systems. One teacher described how students recognized familiar technology, stating, “It mimics the water bottle fillers… this is a simple technology you guys use all the time but here’s how it goes into it…Even the simple technology relates to what they’re doing in the real world” (Teacher #4). Teachers also noted increased cross-curricular interest, particularly from computer science colleagues, reinforcing the curriculum’s relevance beyond traditional agricultural mechanics instruction.

Theme 4: Support Structures Enable Risk-Taking
Participants consistently described the availability of responsive instructional support as essential to their willingness to implement the curriculum. Teachers valued having direct access to knowledgeable individuals who could assist with troubleshooting. One teacher explained, “I reached out numerous times… and like 30 seconds, [Team Member] was like, ‘Oh, it’s missing this’” (Teacher #1). Teacher #1 also noted, “Anytime stuff’s coming up… he’s been in constant contact through the semester.” This ongoing support reduced perceived risk and encouraged teachers to persist through implementation challenges rather than abandon the curriculum.

Theme 5: Differentiation and Flexibility Expand Student Access
Teachers highlighted the need to adapt instructional materials to meet diverse learner needs. Participants described modifying resources to better support visual learners and students working at different paces. One participant shared, “I found a free PDF… because they needed more than words. They were my visual kids,” (Teacher #1). Teacher #1 also explained the challenge of uneven group progress, stating, “One group got it… I could never figure out what was changed from that group to the other six.” Despite these challenges, multiple teachers viewed the curriculum as adaptable, describing the kits as “super user-friendly.”

Theme 6: Implementation Is Shaped by Local Constraints
Finally, teachers emphasized that curriculum implementation was influenced by contextual constraints, including scheduling, facilities, class size, and administrative support.
One teacher noted, “My electricity unit got pushed off… we had to adjust our normal teaching schedule” (Teacher #3). Another explained limitations related to supervision and equipment, stating, “I trust my kids, but not enough to leave them with the microcontrollers while I’m out” (Teacher #1). Teachers also referenced pilot-year limitations, including restricted enrollment and supply purchases, which shaped the scale and pace of implementation.

Conclusions and Recommendations

The results of this study indicate that the microcontroller professional development workshop was an effective intervention for increasing SBAE teachers’ confidence and knowledge of microcontroller classroom implementation. Most teachers that participated in the workshop had several years of experience teaching agricultural sciences (10+ years) and were interested in implementing these new technologies into their classrooms.  Although nearly three-quarters of teachers who completed workshop surveys did not have any prior experience with microcontrollers, a brief professional development workshop led to reported increases in confidence and knowledge to teach microcontrollers. 

Quantitatively, the workshop was more effective in improving knowledge than confidence, shown by the larger effect size for knowledge (d = 1.47) compared to confidence (d = 0.77). Teachers’ knowledge increased from very little (M = 2.24, SD = ) to some (M = 3.59, SD = 0.65) while their confidence remained neutral (Lindner & Lindner, 2024). This aligns with previous research suggesting that technical knowledge often precedes the development of instructional self-efficacy, as knowledge attainment is a component of overall self-efficacy in a task (Bandura, 1977). This suggests that a brief intervention can successfully build a cognitive foundation.

Additionally, posttest results revealed that teachers were agreeable toward implementing the curriculum. Participants reported positive perceptions of the curriculum implementation, ease of use, and an intent to use the materials beyond the pilot phase. Even though teachers’ confidence remained neutral, their belief that the curriculum was manageable and relevant provided the basis necessary classroom adoption. This was further confirmed by the focus group analysis collected after the teachers implemented the curriculum. 

The qualitative findings indicate that teachers’ successful integration of microcontroller instruction was shaped by the intentional alignment of professional development and curriculum design with principles of self-efficacy (Bandura, 1977, 1986) and cognitive load theory (Sweller, 1988). Teachers described how immersive, hands-on professional development experiences supported mastery experiences and reduced uncertainty, contributing to increased confidence and willingness to implement technology-rich instruction. The normalization of productive struggle, paired with accessible instructional support, further encouraged persistence and risk-taking, particularly during early stages of curriculum training. These findings suggest that professional development models emphasizing experiential learning, scaffolded challenges, and authentic application are especially effective for preparing SBAE teachers to integrate emerging technologies. In addition, the findings highlight the importance of curriculum relevance and flexibility in supporting implementation. Teachers reported stronger engagement and instructional confidence when microcontroller activities were explicitly connected to real-world agricultural systems, reinforcing both perceived value and instructional credibility. 

Beyond the context and content of this study, teacher professional development activities based on self-efficacy (Bandura, 1977, 1986, 1997) and cognitive load (Sweller, 1988) theories provide a solid theoretical underpinning for equipping SBAE teachers to incorporate innovative curricula into their programs. Collectively, these results align with AAAE’s (2023) research value of increasing prosperity through innovation in AFNR systems by strengthening teachers’ instructional capacity to deliver workforce-relevant technologies.

We recommend further research should be conducted to evaluate whether teachers continue to preceptive high levels of intention and curriculum implementation over continued years. Additionally, studies should be performed to explore the needed amount of mastery experiences to meet the threshold effect for interest and adoption of this new curriculum (Bandara, 1986). We also recommend additional research to be conducted to determine if teacher-led microcontroller instruction significantly increases student interest in STEM-based agricultural careers and their proficiency in emerging AFNR technologies.

As demonstrated by this study, when professional development and curriculum design are intentionally grounded in self-efficacy and cognitive load theory, even relatively brief interventions may be sufficient to foster meaningful adoption of complex technologies and expand student access to skills critical for participation in modern agricultural industries. Therefore, we recommend practitioners and professional development facilities use these theories are a framework to introduce new and complex topics to educators. 

We also recommend that when developing new curriculum, special attention should be given to differentiated resources and adaptable pacing for accommodating diverse student needs and contextual constraints within SBAE programs. The microcontroller curriculum will be reviewed, revised and improved to meet these requests. 

We recommend that any non-traditional technology curriculum should be anchored in real-world agricultural scenarios that teachers and students can recognize. Student engagement was heightened by the connection between the microcontroller circuit and real-world application of it. Future curriculum projects should prioritize contextual relevance where the technology is the solution to a specific agricultural problem. This may also increase the likelihood of long-term curricular integration of these non-traditional technologies into SBAE programs. 
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