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Abstract
Inquiry-based STEM instruction is a central goal of school-based agricultural education; however, pre-service teachers often enter the profession with limited pedagogical clarity regarding inquiry and STEM integration, and exposure to curricula such as the Curriculum for Agricultural Science Education (CASE) varies across contexts. The purpose of this study was to explore and compare how pre-service agricultural education teachers perceive and conceptualize inquiry-based science instruction across high- and low-CASE adoption contexts. Guided by Rogers’ Diffusion of Innovation theory and the conceptual model of inquiry-based instruction, this qualitative study employed a multiple bounded case design. Data were collected through two semi-structured focus groups with 14 pre-service teachers and analyzed using thematic analysis with inductive and deductive reasoning. Findings indicated that participants’ perceptions of CASE were shaped primarily by prior exposure, observed implementation, and professional discourse rather than by the curriculum itself. Across contexts, participants expressed strong philosophical alignment with inquiry-based science instruction but demonstrated uncertainty in operationalizing inquiry as a pedagogical method. Differences between high- and low-adoption contexts influenced perceptions of curriculum compatibility, complexity, and relative advantage. These findings suggest a need for teacher preparation and professional development experiences that more explicitly address the pedagogical rationale underlying inquiry-based science instruction within CASE.
Introduction and Literature Review
School-based agricultural education (SBAE) occupies a distinctive instructional space within secondary education, blending academic learning, career preparation, and applied problem solving in ways that differ from traditional discipline-specific courses (Parr et al., 2006; Wells et al., 2015). Rather than isolating scientific concepts, SBAE engages students in complex agricultural systems that require the integration of biological, environmental, technological, and mathematical knowledge to address authentic challenges related to food, fiber, and natural resource systems (McKim et al., 2025; Young et al., 2009). This integrative structure positions SBAE as a particularly well-suited context for science learning when instruction emphasizes investigation, decision-making, and application rather than procedural recall (National Research Council [NRC], 1988; Talbert et al., 2005). As educational priorities increasingly emphasize science literacy, problem solving, and workforce readiness, understanding how inquiry-based science instruction is conceptualized within SBAE has become a central concern for teacher preparation and curriculum development (McKim et al., 2025; Wells et al., 2015).
Inquiry-based learning (IBL), an instructional approach that emphasizes questioning, investigation, evidence use, and explanation, gained prominence in science education following national efforts to strengthen scientific literacy (Ungvarsky, 2025). IBL  has been widely promoted as an effective pedagogical approach because it centers student questioning, investigation, and sensemaking (Keselman, 2003; Pedaste et al., 2012). Within SBAE, IBL aligns closely with experiential learning traditions that emphasize learning by doing, reflection, and application in authentic contexts (Parr et al., 2006; Roberts, 2006). Researchers indicate that inquiry-oriented agricultural instruction can support deeper conceptual understanding and student engagement; however, teachers often struggle to enact inquiry beyond structured formats, particularly when pedagogical clarity or confidence in science content is limited (Keselman, 2003; Nelson et al., 2022).
Expectations for SBAE teachers to integrate science concepts have intensified alongside national calls for science education and career readiness (Wells et al., 2015). Teachers who view agriculture and science as inherently interconnected are more likely to design exemplary science lessons that emphasize interdisciplinary application and learning beyond the classroom through SAE and FFA-related experiences (McKim et al., 2025). Place-based and experiential science initiatives further demonstrate that contextual relevance and instructional flexibility are essential for effective STEM integration (Charoenmuang et al., 2024). Pre-service teachers play a critical role in shaping the future of inquiry-based STEM instruction within SBAE, yet research suggests many enter teacher preparation programs with limited conceptions of STEM integration and inquiry-based pedagogy (Honeyman & Eck, 2025; Wang & Knoblock, 2020). Wang and Knoblock (2020) found that pre-service agricultural educators initially viewed integrated science instruction as the addition of multiple disciplines rather than a cohesive, problem-centered approach. Early conceptions emphasized hands-on engagement but reflected a limited understanding of inquiry as a pedagogical strategy. As pre-service teachers progressed through preparation experiences, their understanding evolved toward a more holistic, problem-solving orientation (Wang & Knoblock, 2020).
The enactment of inquiry-based science instruction is closely tied to pedagogical content knowledge (PCK), which integrates content knowledge, pedagogical knowledge, and contextual understanding (Shulman, 1986). In agricultural education, teachers’ PCK is shaped by belief systems, prior experiences, and contextual factors, including the school environment, community expectations, and available resources (Rice & Kitchel, 2017; Stewart et al., 2025). Teachers’ beliefs about the purpose of agricultural education and their confidence in science content influence how curricula are interpreted and how instruction is designed (Rice & Kitchel, 2018). Teacher preparation programs, professional development, industry experience, and prior agricultural education experiences serve as important sources of content knowledge, though these contribute unevenly across instructional contexts (Rice & Kitchel, 2015).
Within this instructional landscape, the Curriculum for Agricultural Science Education (CASE) has emerged as a national effort to strengthen science integration and inquiry-based instruction in SBAE (CASE 4 Learning, n.d.a). CASE is a structured, standards-aligned curricular system designed to embed scientific concepts and inquiry processes within agricultural pathways, including AFNR, plant science, animal science, and agribusiness (CASE 4 Learning, n.d.b). Lessons are organized using an activity-, problem-, and project-based learning framework intended to engage students in scientific reasoning and application (CASE 4 Learning, n.d.b). Although CASE has been adopted across the United States, adoption has not occurred uniformly across regions (Nelson et al., 2022). Some states demonstrate relatively high levels of CASE adoption, in which the curriculum is embedded within SBAE programs and teacher preparation experiences, whereas others exhibit lower levels of adoption and limited exposure among pre-service and in-service teachers (Honeyman & Eck, 2025; Nelson et al., 2022). Members of the CASE executive team have acknowledged that these patterns likely reflect complex institutional, contextual, and cultural factors rather than a single explanatory variable (CASE Executive Team, personal communication, 2024).
Research examining CASE implementation among in-service teachers has reported positive perceptions of curriculum quality and alignment with science content (Nelson et al., 2022). However, persistent discrepancies have been identified between teachers' perceived use of inquiry and their enacted classroom practices. Nelson et al. (2022) found that teachers frequently characterized CASE lessons as open inquiry despite those lessons being primarily structured or guided. This misalignment suggests that teachers may conflate curriculum structure with inquiry itself, thereby limiting opportunities for higher-level inquiry and problem-solving (Keselman, 2003; Nelson et al., 2022; Pedaste et al., 2012). Although CASE was initially designed to support in-service teachers, pre-service teachers increasingly encounter the curriculum through coursework, institutes, and early field experiences. Preliminary research suggests exposure to CASE may increase pre-service teachers’ teaching efficacy by strengthening their understanding of AFNR and STEM content (Honeyman & Eck, 2025). However, without explicit attention to the pedagogical rationale, pre-service teachers may struggle to interpret how inquiry-based instruction is intended to function within CASE lessons, particularly given the challenges of differentiating among levels of inquiry (Honeyman & Eck, 2025; Nelson et al., 2022).
Beyond curriculum materials, teacher discourse and contextual narratives shape how curricula are perceived and enacted. Teachers’ beliefs about inquiry, science learning through agriculture, and the purpose of SBAE are influenced by peer interactions, preparation experiences, and exposure to dominant curricular frameworks within their region or institution (Rice & Kitchel, 2017; 2018). Despite the growing prevalence of CASE, limited research has examined how discourse surrounding CASE influences pre-service teachers’ conceptualizations of inquiry-based STEM instruction across contexts with differing levels of adoption. Given the central role of pre-service teachers and the documented challenges associated with inquiry pedagogy, curriculum interpretation, and regional variation in CASE adoption, further investigation is warranted. Understanding how pre-service teachers conceptualize inquiry-based science instruction within and beyond CASE, and how these conceptualizations are shaped by preparation experiences and adoption context, can inform improvements to agricultural teacher education and professional development (Honeyman & Eck, 2025; Nelson et al., 2022; Rice & Kitchel, 2017).
Purpose and Research Questions
	The purpose of this study was to explore and compare how pre-service SBAE teachers perceive the CASE curriculum and its influence on their conceptualization of inquiry-based science integration within SBAE. The central research question was, how do pre-service agricultural education teachers perceive and conceptualize CASE and inquiry-based science instruction across high- and low-CASE adoption contexts? The following sub-research questions helped frame data analysis when exploring the central research question:
1. How do pre-service agricultural education teachers describe their comprehension of inquiry-based learning and STEM integration within SBAE?
2. How do pre-service agricultural education teachers perceive the CASE curriculum when exposed to high- and low-CASE adoption contexts?
3. How do pre-service agricultural education teachers conceptualize the role of inquiry-based instruction and science when planning agricultural education lessons? 
4. How do teacher preparation experiences, including exposure to CASE, shape pre-service teachers’ views of inquiry-based science learning? 
Theoretical and Conceptual Framework 
This study was guided by Rogers’ (2003) Diffusion of Innovation theory, specifically the five perceived attributes of innovation: relative advantage, compatibility, complexity, trialability, and observability. These attributes provide a useful lens for examining how pre-service teachers perceive and make sense of curricular innovations such as CASE. Rogers’ (2003) framework supports the exploration of how participants evaluate CASE relative to existing instructional practices, their preparation experiences, and contextual expectations, and how perceptions of usability, alignment, and visibility influence adoption and interpretation across high- and low-adoption contexts.
The conceptual framework for this study was informed by the conceptual model of inquiry-based instruction developed by Thoron and Myers (2012), which depicts inquiry-based learning as a dynamic interaction among teaching and learning processes, teacher and student characteristics, and social and contextual influences. The model emphasizes how inquiry-based instruction is shaped by factors such as instructional objectives, classroom environment, teacher knowledge of inquiry, and student characteristics, ultimately influencing outcomes related to scientific reasoning and learning. Together, these frameworks supported examination of how pre-service teachers conceptualize inquiry-based science instruction within CASE and how those conceptualizations are influenced by perceptions of innovation and instructional context.
Methods
This study was situated within a larger multi-case qualitative research project examining perceptions of CASE across a high-adoption state and a low-adoption state. States were categorizes as high- and low-adoption contexts based on comparative evidence of CASE presence within teacher preparation and SBAE programs, including certification opportunities, prevalence of CASE-certified teachers, and consultation with CASE leadership regarding regional adoption patterns. The overall design followed a multiple bounded case study approach, with each state serving as a distinct case bounded by geographic context and level of CASE adoption (Yin, 2017). The present paper focuses specifically on comparative analysis of high- and low-adoption cases to better understand how contextual differences shape pre-service teachers’ experiences and perceptions of CASE, science teaching, and inquiry-based learning. 
Participants were pre-service agriculture teachers who voluntarily participated prior to student teaching (see Table 1). Data were collected through two semi-structured focus groups–lasting between 60 and 90 minutes–one conducted with participants from the high-adoption state and one with participants from the low-adoption state. Pre-service students did not have to have CASE certification to participate in this study. 

Table 1
Participant Demographics  
	Pseudonym
	Expected Graduation
	CASE Certification(s)
	State CASE Adoption Rates

	Jordin
	May 2026
	AgX; AHVS
	Georgia–Low

	Brielle
	May 2026
	AgX; AHVS
	Georgia–Low

	Mara
	May 2026
	AgX; AHVS
	Georgia–Low

	Tessa
	May 2026
	AgX; AHVS
	Georgia–Low

	Emerson
	May 2026
	AgX; AHVS
	Georgia–Low

	Camille
	May 2026
	AgX; AHVS
	Georgia–Low

	Carter
	May 2026
	AgX; AHVS
	Georgia–Low

	Reese
	May 2026
	AgX; AHVS
	Georgia–Low

	Sadie
	May 2026
	AgX; AHVS
	Georgia–Low

	Elise
	May 2026
	AgX; AHVS
	Georgia–Low

	Harper
	May 2026
	AgX
	Iowa–High

	Callie
	May 2026
	AgX 
	Iowa–High

	Nolan
	May 2026
	N/A
	Iowa–High

	Delanie
	December 2026
	N/A
	Iowa–High


Note. AgX= AgXplore Middle School and AHVS= Animal Health and Veterinary Sciences
Focus groups were selected as the primary data collection method to facilitate interaction, shared meaning-making, and discussion among participants regarding their experiences with CASE, their use of the curriculum, and their perceptions of adoption and implementation. Two of the participants opted out of getting a CASE certification offered through a pre-service integrated institute. This did not inhibit their ability to share thoughts and participate in discussion within the focus groups. All focus groups were audio recorded and transcribed verbatim to ensure accuracy of participant responses. 
Data were analyzed using thematic analysis which occurred across multiple cycles. First, transcripts were read in full to support familiarization with the data. Initial open coding was used to identify participant meanings within each case, followed by focused coding to refine categories and develop themes. Themes were then compared across cases to identify convergences and divergences. Theoretical constructs from Diffusion of Innovation and IBL served as sensitizing concepts during interpretation rather than predetermined coding bins. This allowed themes and patterns to emerge naturally from the data, while also attending to sensitizing concepts drawn from the study’s theoretical and conceptual framework.
Trustworthiness and rigor were established in alignment with Lincoln and Guba’s (1985) criteria of credibility, dependability, confirmability, and transferability. Credibility was supported through prolonged engagement with the data, iterative inductive and deductive thematic analysis, and peer debriefing to test emerging interpretations. Dependability and confirmability were enhanced through systematic analytic procedures, including constant comparative analysis across high- and low-adoption cases and the use of analytic memos to document coding decisions and interpretive shifts. Transferability was addressed through thick description and verbatim participant quotes, enabling readers to determine relevance to similar contexts. This study should be considered considering several limitations including self-selection bias and variation in CASE exposure. Finally, as with all qualitative research, findings are context-specific and intended to provide depth of understanding rather than generalizability.
The study was guided by a constructivist epistemology, recognizing that participants’ understandings of inquiry-based science instruction were socially constructed through their experiences in SBAE and CASE-related settings. The researchers’ positionality as agricultural education scholars with CASE experience were acknowledged and reflexively examined to mitigate bias and strengthen analytic transparency.
Findings
Context and Previous Experiences Influenced Attitudes Towards CASE
Pre-service teachers’ perceptions of CASE were strongly shaped by their prior exposure to the curriculum and the educational contexts in which that exposure occurred. Participants’ attitudes toward CASE developed well before formal teaching practice and were influenced by when, where, and how they encountered CASE as students or pre-service teachers. Differences between high- and low-CASE adoption contexts played a critical role in shaping how participants formed, reinforced, and negotiated their perceptions of CASE, inquiry-based learning, and science integration within SBAE.
Participants from Iowa reported little to no prior awareness of CASE before participating in teacher preparation coursework or certification experiences. As a result, these pre-service teachers often formed initial perceptions of CASE independently, without substantial influence from in-service teachers or classroom observations. Elise reflected on this limited exposure, noting, “I think that we did our CASE certification really before we got out to classrooms a whole bunch. Speaking for myself, but I made my own opinion about CASE before I ever talked to any other teachers about it.” Similarly, Emerson explained that their lack of familiarity allowed them to approach CASE without preconceived expectations: “I had no idea what CASE was prior and being able to make my own opinion on that rather than going into it like ‘oh, this is going to be amazing’ ... or ‘man, this is going to suck’”
In contrast, participants from Georgia described earlier and more frequent exposure to CASE, often beginning in high school or during early field experiences. Nolan recalled his first conscious encounter with CASE during an observation placement in his second year of college, stating, “I did an observation at a high school... That was my first exposure to CASE... I guess I might have seen it like before, but was like actually cognizant, like knew what it was.” For two participants, CASE was the dominant or exclusive instructional framework in their secondary experiences. Delanie shared, “we did use CASE and exclusively CASE. So, when I served as a state officer…I started to go to other schools and realized that there's more than CASE. That was really eye opening for me.”
Positive and Negative Perceptions
Participants from Georgia articulated mostly positive perceptions of CASE related to its hands-on nature, inquiry-oriented structure, and usefulness as a resource for supporting STEM integration. Camille described how CASE lessons intentionally foster student curiosity, explaining, “I think CASE is really creative with like naming their lessons and like the little purpose of the lesson to like get the kids like inspire their curiosity and stuff.” Reese emphasized the engaging nature of the curriculum, stating, “I loved CASE. I thought it was wonderful. I thought it was everything was super hands on, super engaging.” Others highlighted CASE as a support tool, particularly in content areas where teachers felt less confident. Sadie noted, “[CASE] also helps you like if I'm stuck on a lesson I don't know a lot about or have some question areas, I can kind of look at those and be like, ‘well, these are some activities I could do.’” Although not as prominent in the focus group discussion, a few positive sentiments were shared about CASE from participants Georgia Callie appreciated CASE’s structure, especially for advanced projects, sharing, “I really appreciate like the multiple day labs to get a sense of like l what I could do for advanced projects.”
Despite these positive views, many participants, primarily within Iowa, expressed concerns about CASE when it was enacted in rigid or overly scripted ways. These negative perceptions were most often associated with classroom experiences in which CASE was perceived as limiting teachers’ creativity or as a substitute for intentional instruction. Nolan described observing CASE being used verbatim, explaining, “And that teacher like used it just kind of like reading a script almost and just having [students] like 'OK now answer these questions.’” He later elaborated, “I personally can't imagine just like reading the script all day, and I don't feel like losing the creativity side of like the lesson planning and stuff.” Delanie echoed these concerns based on her high school experience, stating, “[CASE] is all my teacher used and she would just read it off every day, or she'd like give us the packet and say ‘this is what you're doing’ and that's all we did...I'd say it was really boring.” Harper similarly associated negative CASE experiences with teacher burnout, noting, “Because I started to take so many classes, I was able to start to recognize when he was using [CASE]. Because he was overworked and just needed to give us something to do... those days I did not enjoy CASE.”
Development of Perceptions
Opportunities for conversation with in-service teachers further shaped participants’ perceptions, though these opportunities varied substantially across contexts. Participants in Georgia reported limited access to CASE-certified teachers, which constrained their ability to learn about CASE through professional dialogue. Elise observed, “Some teachers in our area don't even know what it is, like they've never even heard of it.” Emerson attributed resistance to CASE to entrenched instructional norms, stating, “I feel like there are quite a few teachers and there's nothing wrong with this, but quite a few teachers who are kind of stuck in the traditional like old ways of doing things,” adding, “I feel like sometimes CASE can be a little bit new and scary for them and they're like, this is different, I don't want to do it.” Mara highlighted structural barriers, explaining, 
I've heard from teachers is that it can be a little difficult to like actually get the certification… even the teachers that want to do it are not able to and then some of the like CASE institutes or the briefcases are like expensive and a lot of the teachers cannot afford to do that even though they want to do the curriculum.
In Iowa, participants described more frequent conversations with in-service teachers about CASE, though these discussions were often polarized. Delanie characterized this variability, stating, “I feel like it's like really hit or miss, like they either love it or hate it.” Harper expressed both anticipation and apprehension about future CASE use, noting, 
I know the teacher where I'm going to be student teaching with ... she is a very big fan of CASE and so I'm nervous and excited to see how she uses it in her classroom because I am really hoping that it's not just a read off the script, give the kids the worksheet kind of situation.
She later reflected on the absence of critical dialogue, explaining, “Other than talking to teachers who really love it, I haven't talked to teachers who, like, totally hate it. They just decide to say no comment if I ask them if they like it.” Nolan similarly observed that negative views were often indirect, stating, “I haven't seen many that were like absolutely not like hating it, even though I've... heard of teachers from peers that are like that. But I haven't had that experience, I guess.”
Future Use of CASE Limited to Piecemeal Approach
Despite holding varied attitudes toward CASE, nearly all participants anticipated using CASE in some capacity in their future teaching. However, participants consistently described this use as selective and supplemental rather than adopting CASE as a comprehensive, stand-alone curriculum. Instead, pre-service teachers envisioned drawing from individual lessons, activities, or labs to support inquiry-based science instruction while maintaining autonomy over curriculum sequencing, instructional emphasis, and alignment with local contexts.
Participants across contexts emphasized they did not view CASE as an “end all be all” curriculum, but rather as a flexible resource to be adapted. Sadie explained that while she valued CASE activities, she would alter their structure and sequencing, noting, “I think the activities are great. I don't necessarily think I would go in the order they have them set up in, nor would I necessarily teach the background how they kind of have it set up to be.” Callie described selective certification as a strategy for building confidence in weaker content areas, 
I guess for like a future like first year teacher, like I know personally I'm not the best at business topics, and so I'd probably like so I'd probably like get certified for that one just so I could like dabble my feet into what to expect for like business curriculums and then add on to that and advance it in my own way. I think it would be beneficial.
Although participants reached similar conclusions regarding the fragmentation of CASE use, the reasons underlying this approach varied by context. Participants from high-CASE adoption contexts described CASE as relatively easy to integrate into existing curricula because of its alignment with state standards, even though they expressed mixed feelings about the curriculum itself. Nolan explained that he would remain open to using CASE as a supplemental engagement tool, stating, “I think like I would be open to it and like using it as like supplemental like activities and stuff like for students to get engaged with during National Convention week, like you can still like kind of learn the material.” Delanie attributed the ease of integration to standards alignment, noting, Iowa’s Ag Ed standards are literally just the national standards... So, like in Iowa [CASE lessons] apply really well.” Callie echoed the value of CASE as a flexible resource, stating, “and I like that it was like a supplement for like an additional idea and that we could like tweak it in our own way.”
In contrast, participants from low-CASE adoption contexts emphasized the need to adapt CASE more deliberately to ensure alignment with state standards and local instructional goals. While these participants often expressed positive views of CASE’s adaptability, they also voiced concern about applicability without modification. Reese highlighted CASE’s flexibility across grade levels and instructional settings, explaining, “I think every activity had levels to it where you could teach it at different grade levels or you could build off of it or maybe you build up to it ... Everything was adaptable to what your classroom setting looked like.” Jordin further described how CASE could be integrated alongside experiential components common in SBAE programs, stating, 
So, like, kind of what Sadie was kind of hitting at, like you can make CASE fit to like whatever you have. So like if you're in more of like a rural area which we've seen with teachers in the state, they are using CASE to like teach the content and but then Like they'll take their students out to their greenhouse or out to their livestock and SAE barn and kind of like allowing them to use their like what they've learned and kind of like guide the lessons that they would use those learning labs for.
Opportunities for structured reflection during teacher preparation further reinforced participants’ preference for a selective approach to CASE use. Jordin described a pre-service institute assignment that encouraged autonomy and critical reflection, explaining, 
And so like those reflections, while extremely time consuming, I think that they were like really good for me to just like actually like take a step back, I can like, think about it like, yeah, like I will be teaching and like, do I want to use this? Because like, nobody's saying I have to, but like, they're giving me a tool and like, how do I feel about that tool?
Student Deficits in Pedagogical Knowledge and Content Knowledge Inhibit Understanding of CASE Curriculum
Struggle with Conceptualization of Inquiry-Based Learning as a Method when Using CASE 
Across both high- and low-CASE adoption contexts, participants demonstrated uncertainty in their pedagogical understanding of IBL and their science content knowledge, which collectively constrained how they interpreted and made sense of the CASE curriculum. While pre-service teachers frequently described inquiry in student-centered language, many struggled to articulate what inquiry-based instruction looks like in practice. This lack of clarity contributed to hesitation, frustration, and at times, conflicting interpretations of whether and how CASE supports inquiry-based science integration.
Participants commonly described inquiry-based learning as being driven by student questions and exploration; however, these descriptions often remained abstract and underspecified. Elise explained inquiry as a process of investigation and exploration, stating, “I think of investigation, and you can take a topic that could be challenging for those kids and allow them to kind of explore things on their own, come back to you with some of those questions and guide from there.” Similarly, Jordin described inquiry as student-centered questioning, noting, “I think that my inquiry base what comes to mind first is like questioning and student-centered instruction like student's questions guide the teaching.” Harper extended this framing further, stating, “It's a lot of students kind of getting to direct what way the learning goes. It’s a lot of questions and thought-based.” While these descriptions aligned with inquiry-oriented language, they also suggested an overgeneralization of inquiry as entirely student-directed, revealing uncertainty about instructional structure and teacher facilitation.
This lack of clarity about inquiry as a pedagogical method contributed to apprehension about enacting IBL, particularly when paired with concerns about content knowledge. Several participants expressed anxiety about facilitating student-driven questioning without having sufficient subject-matter expertise. Delanie shared, “I think my biggest like worry is that we'll do this whole like question-based thing. We'll come up with questions, and then they like, won't take it seriously, and like, they won't get anything out of it.” Emerson similarly described fear of losing credibility as a teacher, explaining, “And like, so it can be scary, especially as a new teacher, you don't want students to lose faith in you because you don't know the answer.” She further described the difficulty of sustaining inquiry when students struggled to engage, stating, “And so then it's like these students, they're not asking questions, they're kind of just sitting there staring at you blankly. And then it can be hard to move on from there because it is very student-driven.” Reese highlighted the challenge of balancing facilitation and control, noting, 
Kind of knowing as the teacher in the room, when do you step in or when are you letting the kids kind of lead the way because you don't want to be so passive that they are taking over the class, but you still want them to able to lead their own education.
Uncertainty about inquiry was further complicated by mixed perceptions of CASE itself. Some participants questioned whether CASE should be considered inquiry-based, particularly given its structured and scripted elements. Delanie asked directly, “Is CASE considered inquiry-based?” and later added, “But sometimes, like the style of how CASE teaches it, and like the content is like mismatched almost.” Harper emphasized the role of the teacher in mediating inquiry, explaining, “I think it depends on how the teacher facilitates it; it could really support inquiry-based because it’s the structure and foundation that some teachers appreciate to help build their lessons.” In one focus group exchange, Sadie argued, “CASE isn't very student-led. [Students are] not teaching the lesson to each other as much, and they're not really asking questions. It's more so like I'm going to demonstrate how to do this and then you're going to do it.” Jordin countered this perspective, stating, “I kind of disagree. I think CASE is incredibly student-led,” and went on to explain how guided instruction supports safety and content acquisition before transitioning into inquiry-driven practice. They described how videos and demonstrations could prompt curiosity, stating, “Like that is inquiry, and like that is like thinking about what we're learning.” Camille echoed this view, noting, 
I think the more guided CASE lessons help to build the like problem solving skills and like walk the students through what like true inquiry based like learning looks like so that when you do present them and like just tell them like go explore something they know what like to do they don't just shut down because they've walked through the steps before with the more guided lessons.
Gaps in Science Content Knowledge Create Challenges for STEM Integration through CASE
Concerns about inquiry were closely tied to participants’ perceptions of their own science content knowledge, though these concerns manifested differently across contexts. Participants from Iowa frequently described insufficient preparation in science-heavy content areas. Delanie stated, “I also don't feel like this is just an [University] problem. I don't think we get enough content background. I don’t feel confident in teaching agronomy or those concepts with like really science heavy stuff.” Callie similarly reflected on gaps in advanced coursework, noting, “I transferred from [community college last fall semester. I did a lot of like content classes over there. I thought I would get more like advanced ones [at University], which I didn't.” Nolan expressed concern about connecting instruction to broader STEM goals, stating, “I'm kind of worried I guess about like tying it back into like the STEM of it all and like making sure that connects for students.” Harper described the need to revisit content regularly, explaining, “I know when I'm teaching, I know that certain topics within an area exists, but I need to look those back up to really understand how to then reteach them to other people.”
In contrast, participants from Georgia often expressed confidence in the value of STEM integration while acknowledging challenges with the depth of science content embedded in CASE. Jordin stated, “I feel super confident with STEM concepts,” emphasizing the importance of science for recruitment and relevance in agricultural education. Reese similarly described agriculture as inherently interdisciplinary, noting, “I don't think you can teach agriculture without teaching STEM, because AG is a science.” However, Carter highlighted variability in the level of science required by CASE, stating, “I feel like CASE, the way they align their curriculum, it was either like high-level high school, like college prep stuff, or it was like 6th grade, and there was really no in between there.”
CASE Not Facilitating the Learning of Inquiry Methods and STEM Content through PD
Participants consistently described CASE-focused professional development as prioritizing how to use the curriculum rather than why CASE is designed to support inquiry-based learning and STEM integration. While pre-service teachers valued opportunities to explore lesson structure, sequencing, and adaptation, they noted a lack of explicit attention to the underlying pedagogical purposes of CASE, particularly its alignment with inquiry-based instruction and science integration. As a result, participants often left CASE PD with procedural familiarity but limited conceptual grounding in the instructional rationale driving the curriculum.

Several participants highlighted the role of faculty facilitators in helping them navigate CASE from a practical, teacher-oriented perspective. Callie described her experience working with the lead teacher in the pre-service institute, who extended beyond the curriculum materials themselves, stating, “I guess like the professor that helped us throughout that, she added on to a lot of the stuff, and like she was very open.” Harper similarly emphasized how instructional conversations focused on adapting CASE lessons to fit real classroom constraints, explaining, “She's like you can use this for this class, and she would say, ‘What if you didn't get to this lesson? How could you get around that without using all the lessons in order every day?’” These experiences helped participants view CASE as a flexible instructional tool rather than a rigid sequence of lessons.
Participants also described CASE learning experiences as valuable for understanding the curriculum from multiple perspectives. Callie reflected on the dual role she occupied during CASE-related coursework, noting, “Yeah, it was just beneficial to see like more of how CASE works, seeing it as like a teacher aspect and I could also put on my student hat too.” Elise similarly recalled conversations about adapting CASE lessons, stating, “I know there was a little bit of some like modifications we [talked about] as we were going through the curriculum.” These discussions reinforced participants’ sense of autonomy and agency in their use of the curriculum, even as they navigated prescribed materials.
However, participants noted that this emphasis on modification and implementation was not consistently accompanied by explicit discussion of inquiry-based pedagogy or STEM integration as the theoretical foundation of CASE. Jordin articulated this tension clearly, explaining, “Because like, nobody's saying I have to, but like, they're giving me a tool and like, how do I feel about that tool?” While this framing encouraged reflection and choice, participants suggested that understanding CASE as a tool would have been strengthened by deeper engagement with the pedagogical purposes underlying its design. Several participants expressed uncertainty about whether CASE lessons truly aligned with their conceptual understanding of inquiry-based instruction. Elise reflected on recurring lesson structures, noting, “I notice it always started out with a beginning question and then you did an activity and then it ended with a question to guide what they were learning, but I'm not sure that is what I consider inquiry based” This uncertainty suggests that without explicit framing of inquiry as a continuum or guided process, participants struggled to reconcile CASE’s structured design with their expectations of inquiry-based learning.
Conclusions, Discussions, and Recommendations
Collectively, the findings indicate that pre-service agricultural education teachers’ perceptions of inquiry-based STEM instruction are shaped less by the CASE curriculum itself and more by how CASE is introduced, modeled, and discussed within teacher preparation and regional contexts. Supporting prior research, participants across high- and low-adoption contexts expressed strong philosophical alignment with inquiry-based, experiential, and STEM-integrated instruction in SBAE (McKim et al., 2025; Parr et al., 2006; Wells et al., 2015). However, consistent with previous findings, this alignment did not consistently translate into a clear pedagogical understanding of inquiry as a method (Keselman, 2003; Nelson et al., 2022).
Differences between high- and low-CASE adoption contexts further support prior research demonstrating that exposure and implementation shape perceptions of the curriculum (Honeyman & Eck, 2025; Nelson et al., 2022). In high-adoption contexts, early exposure to rigid or scripted CASE enactments contributed to negative perceptions of inquiry, while limited exposure in low-adoption contexts allowed pre-service teachers to conceptualize CASE more flexibly. Through the lens of Rogers’ Diffusion of Innovation theory, these patterns suggest that observed implementation influenced perceptions of compatibility, complexity, and relative advantage (Rogers, 2003), often overshadowing CASE’s intended inquiry-based design.
Across contexts, participants overwhelmingly anticipated using CASE selectively rather than as a comprehensive curriculum. This finding supports prior research indicating that teachers adapt instructional resources to align with contextual constraints and personal beliefs (Rice & Kitchel, 2017; 2018). When viewed through the conceptual model of inquiry-based instruction, pre-service teachers’ piecemeal approach reflects the interaction of teacher characteristics, instructional context, and pedagogical confidence in shaping inquiry enactment (Thoron & Myers, 2012). Rather than rejecting inquiry-based STEM integration, participants struggled to operationalize it, particularly in the absence of strong pedagogical content knowledge (Rice & Kitchel, 2015; Shulman, 1986).
Consistent with prior research, participants’ uncertainty about inquiry-based instruction and their science content knowledge constrained their ability to interpret CASE as an inquiry-driven curriculum (Keselman, 2003; Nelson et al., 2022). These findings suggest that CASE professional development and teacher preparation experiences prioritized procedural understanding of curriculum use over explicit engagement with inquiry theory and STEM integration, reinforcing documented discrepancies between perceived and enacted inquiry (Nelson et al., 2022). Building on these findings, future research should examine how in-service CASE professional development explicitly addresses inquiry pedagogy and STEM integration, comparing contexts of high and low adoption. Additionally, a longitudinal study following pre-service teachers into early-career professionals could provide insight into the evolution of perspectives and knowledge regarding CASE, inquiry-based learning, and STEM integration. From a practice perspective, CASE professional development and teacher preparation programs should more intentionally foreground inquiry and STEM as foundational frameworks, either as explicit components of CASE institutes or as precursor learning experiences prior to curriculum-specific training.
Taken together, these findings suggest that pre-service teachers’ understandings of inquiry-based science integration in SBAE are shaped less by curriculum exposure alone and more by how inquiry is modeled, scaffolded, and contextualized within teacher preparation. While CASE served as a common reference point, it did not independently produce coherent pedagogical understandings of inquiry. These results highlight the need for teacher education to more explicitly emphasize scientific practices and inquiry as instructional approaches, rather than relying on curriculum adoption to support science integration. Strengthening these pedagogical foundations may better support pre-service teachers in translating philosophical alignment with inquiry into meaningful classroom practice across SBAE contexts.
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