Next Gen Agriscience: Examining NGSS-Aligned and Phenomenon-Driven Instruction Self-Efficacy in School-Based Agricultural Education
 
Abstract 

Despite more than a decade since the adoption of the Next Generation Science Standards, limited research has examined school-based agricultural education teachers’ implementation of the Science and Engineering Practices. In particular, little is known about teacher efficacy related to phenomenon-driven instruction, a defining feature of the standards. The purpose of this study was to examine the frequency of standards-aligned instructional practices in school-based agricultural education classrooms and to explore teacher efficacy related to phenomenon-driven instruction. Using a survey research design, data were collected from school-based agricultural education teachers in California. Results indicate that California teachers continue to rely primarily on traditional instructional methods, while Science and Engineering Practices were used less frequently, particularly modeling and designing, and conducting investigations. Respondents’ self-efficacy in phenomenon-driven instruction was reported as moderate, and higher levels of efficacy were associated with more frequent use of Science and Engineering Practices. Given the relationship between teacher efficacy in phenomenon-driven instruction and instructional practice, phenomenon-driven instruction efficacy may serve as a lever for instructional change. Targeted professional learning experiences are recommended to strengthen California teacher self-efficacy with phenomenon driven instruction as they relate to utilizing the Science and Engineering Practices within standards-aligned NGSS instruction in school-based agricultural education.

Introduction  

With the outset of the conceptual framework of the K–12 science education standards, significant instructional shifts are required of agricultural teachers’ pedagogical approaches to align with the Next Generation Science Standards (NGSS) (NGSS Lead States, 2013). The framework calls for a deeper understanding of science concepts driven by student inquiry and critical thinking that builds over time, as outlined by the NGSS (National Research Council [NRC], 2012; NGSS Lead States, 2013). Because agriculture is a science (Barrick et al., 2018), both STEM education and SBAE share responsibility for supporting these educational standards (NRC, 2012; Paulsen et al., 2017; The National Council for Agricultural Education, 2017). Implementation of NGSS in school-based agricultural education (SBAE) could promote deeper conceptual understanding among students of agriscience, thereby boosting agricultural literacy (Shelley-Torbert et al., 2000).  Despite the introduction of the NGSS more than a decade ago, teachers and teacher educators are still learning how to implement its pedagogy and content alongside agriculture pathway and anchor standards (Barrick et al., 2018; Chumbley et al., 2019).

The NRC’s (2012) framework emphasizes inquiry-based, student-centered learning through real-world phenomena, encouraging learners to actively construct knowledge rather than passively receive facts. The framework conceptualizes effective science education through three dimensions: Crosscutting Concepts (CCCs), Disciplinary Core Ideas (DCIs), and Science and Engineering Practices (SEPs; NRC, 2012). The eight SEPs are particularly relevant to this study because they operationalize NGSS pedagogy through student engagement with real-world phenomena. 

SBAE courses that align agricultural contexts with NGSS standards are uniquely positioned to bring relevance to learners (Chumbley et al., 2019; NRC, 2012; Paulsen et al., 2017; The National Council for Agricultural Education, 2017). Such alignment situates agricultural concepts within a scientific framework that deepens student understanding of STEM and responds to calls for greater STEM emphasis in SBAE (Barrick et al., 2024; Paulsen et al., 2017; Chumbley et al., 2019). Because NGSS emphasizes active use of science, SBAE classrooms, which regularly apply science concepts to real-world problems, are a natural fit (Ray et al., 2024; Barrick et al., 2024; NGSS Lead States, 2013; Scherer et al., 2019; Wang & Knobloch, 2018). Prior studies have found that agricultural classrooms can promote deeper understanding than traditional science classes (Chiasson & Burnett, 2001; Ricketts et al., 2006), highlighting both the potential and need for NGSS integration in SBAE. Yet, there remains a need to assess NGSS implementation in SBAE at the teacher level, particularly as it relates to instructional practices and beliefs.

Literature Review

Research on SBAE teachers’ professional learning needs within the context of NGSS is limited (Ray et al., 2024). Teachers report insufficient targeted professional learning, leaving their NGSS preparedness unclear (Drape et al., 2016; Ray et al., 2024). Teacher preparation program faculty cannot address potential gaps without data that identify where teachers struggle most. 

What research does exist suggests deficiencies in engineering integration (McKim et al., 2025) and student-driven inquiry (Voges et al., 2020). Teachers’ self-efficacy has emerged as a key factor influencing successful NGSS implementation (Wang & Knobloch, 2018). McKim and Velez (2015) found that science teaching efficacy predicts SBAE career commitment, emphasizing the importance of NGSS preparedness. States vary widely in their philosophy of science and agriculture integration, resulting in inconsistent implementation (Ray et al., 2024). For example, New Mexico teachers reported low confidence in teaching science concepts (Chumbley et al., 2019), while Thornton et al. (2020) observed that early-career teachers primarily needed content support and mid-career teachers sought pedagogical support. Yet data on SBAE teachers’ confidence and frequency of STEM instructional practice use remain fragmented (Scherer et al., 2019). Without such state-specific data, efforts to design teacher education programs may be misdirected, delaying integration.

The literature documents a persistent gap between teacher beliefs and instructional practice highlighting the need to strengthen agriculture teachers’ pedagogical competence in interdisciplinary agriscience (Bird & Rice, 2021; Ray et al., 2024; Smalley & Hainline, 2024; Wang & Knobloch, 2018). Teachers may value NGSS practices but not enact them due to low confidence, perceptions of limited effectiveness, or contextual constraints (Smith et al., 2015; Voges et al., 2020, Grapin et al., 2024). There is also differing meaning in new language associated with the pedagogical shift, resulting in difficulty in quantifying integration for researchers (Scherer et al., 2019; Grapin et al., 2024) Self-efficacy emerges as a critical mediator of NGSS implementation in SBAE (Smith et al., 2015; Bird & Rice, 2021).

Purpose and Research Objectives

The purpose of this study was to examine the extent of NGSS integration in California SBAE classrooms through an analysis of instructional practice frequency and teacher self-efficacy, guided by the Refined Consensus Model of Pedagogical Content Knowledge (Carlson et al., 2019). This study addresses the gap in understanding how SBAE teachers implement NGSS pedagogy and seeks to describe phenomenon-driven instruction self-efficacy, and its relationship with SEP supportive teaching methods. The objectives of this study were to:
1. Describe California SBAE teachers’ efficacy related to phenomenon-driven instruction.
2. Describe California SBAE teachers’ frequency of engagement in NGSS-supportive instructional practices.
3. Examine the relationship between California SBAE teachers’ self-efficacy in phenomenon-driven instruction and their use of NGSS instructional practices.

Conceptual Framework  

The instructional shifts required in SBAE can be understood as shifts in the pedagogical knowledge of SBAE teachers, articulated in the Refined Consensus Model of PCK (RCM) of Carlson et al. (2019) adapted from Shulman’s PCK model (1986). The RCM frames teaching as the application of pedagogical knowledge in communicating content within a dynamic, layered context, summarized roughly as follows. Enacted PCK (ePCK) refers to the specific knowledge utilized by the teacher in a particular setting to help students learn concepts, based on student’s current knowledge and experiences. Personal PCK (pPCK) encompasses the total of a teacher’s pedagogical knowledge and skills, developed through experience, professional development, and other sources, that teachers draw upon for ePCK. Collective PCK (cPCK) describes the shared knowledge base for teaching, which is generated through research, conferences, and grade-level teams and intended for generalization across many learning contexts. There are filters, referred to as teacher beliefs, that can either support or hinder the integration of instructional practices. For example, while current cPCK may underscore the importance of student-driven instruction, barriers such as teachers’ confidence in using these practices or their perceptions of effectiveness may limit their inclusion in ePCK.

Among teachers’ beliefs, self-efficacy plays a vital role in the integration of instructional practices. Self-efficacy refers to one’s belief in the ability to perform a task successfully. Bandura (1977) described self-efficacy as a primary driver in determining whether individuals attempt tasks. People first appraise the task’s challenges and then judge their ability to manage them. Those with high self-efficacy view obstacles as surmountable and persist, while those with low self-efficacy often perceive the same challenges as prohibitive and withdraw. For SBAE teachers, self-efficacy can be developed through methods such as vicarious experiences, in which teachers observe others accomplishing instructional tasks, as well as through professional development (McKim & Velez, 2016, 2017).

The integration of SBAE content and NGSS pedagogy requires teachers to synthesize disciplinary knowledge with new instructional strategies, highlighting the need to strengthen agriculture teachers’ pedagogical competence in interdisciplinary agriscience (Bird & Rice, 2021; Ray et al., 2024; Smalley & Hainline, 2024; Wang & Knobloch, 2018). 

In our study, we worked backward to investigate the extent of NGSS integration in California SBAE teacher pedagogy. By analyzing the presence and frequency of ePCK behaviors aligned with NGSS, we gained insight into the pPCK held by California SBAE teachers. When NGSS-aligned practices were absent or infrequent, it suggested a disconnect between collective PCK, such as NGSS training, resources, and standards, and teachers’ instruction. By measuring teachers’ self-efficacy in NGSS pedagogy, we can highlight the presence of a self-efficacy filter that may prevent the conversion of pPCK into ePCK.

The RCM not only provides a framework for diagnosing the current state of NGSS integration in California SBAE but also points toward actionable solutions. By clarifying the role of self-efficacy and other teacher beliefs in mediating PCK, this framework supports the design of targeted professional learning  that strengthens teachers’ pPCK, specifically improves enactment of NGSS-aligned practices, and builds sustained connections between SBAE and the broader NGSS knowledge base.

Methodology 

Design

This study utilized a survey research design to examine California SBAE teachers’ frequency of use of NGSS-supportive instructional practices and their self-efficacy in phenomenon-driven instruction. The instrument consisted of two constructs: frequency of NGSS-supportive instructional practices and phenomenon efficacy.

Participants

A pilot survey group was identified by utilizing a random number generator to select 50 participants from the California Agricultural Teachers’ Association membership list. Participants received an initial email explaining the project, and three follow-up emails were generated through Qualtrics to include the survey link. Reminders were sent two weeks prior to the survey’s close, one week prior, and two days before closing. Only three participants responded, representing a 6% response rate. None of the respondents provided feedback about functionality, and their responses, and researchers made no updates to the survey, therefore these responses were added to the full census study.

The full study population included 1,193 California secondary agricultural educators identified through the California Agricultural Educators Association membership roster. All non-secondary members were removed, including post-secondary and other membership types. After the first recruitment email, 116 emails were returned and removed from the study, resulting in an accessible population of 1,077. Responses received from 190 individuals, including partial responses, were used, for a final response rate of 18%.

While not required for a census, nonresponse error was explored by comparing early and late responders following the Lindner et al. (2001) protocol. The final two stimuli were included in the late responder group to ensure adequate sampling. No significant differences were found for the phenomenon construct, student instructional practices, and teacher instructional practices. Similarly, no significant correlations existed between early and late response groups for content area, credential type, gender identification, years teaching, or career phase.

Of the 84 participants who completed demographic questions, all were credentialed teachers. Most held a single subject teaching credential in agriculture (n= 73), with 8% holding a CTE credential (n = 15). Traditional teacher preparation program completers made up 83% of the population, with 17% not completing a preparation program that included a student teaching experience. The population was primarily female (63%). Years of teaching ranged from 1 to over 30, with 45% teaching for 11 or more years, 32% teaching for 0–5 years, and 23% teaching for 6–10 years. 

Instrument

The instructional practices construct was adapted with permission from Hayes et al. (2016). The items originally developed by Hayes et al. (2016) were based on the NRC Framework (2012). The Science Instructional Practices (SIPS) survey measures how frequently teachers employ NGSS-aligned practices and reports them as subscales: instigating investigations; data collection and analysis; critique, explanation and argumentation; modeling, traditional instruction, and engaging prior knowledge. Items included instructional practices such as “go over science vocabulary” which would fall under the traditional instruction subscale or “use models to predict outcomes” which would fall under the modeling subscale, for example (Hayes et al., 2016). For each instructional practice listed, participants self-reported their frequency of use using a Likert (1932) scale: never, rarely (a few times per year), sometimes (once or twice a month), often (once or twice a week), and daily or almost daily. 

The first four subscales correspond to NGSS SEPs, making it indicative of frequency of teacher use of NGSS alignment. Traditional instruction includes items like reading from a textbook that are more teacher-centered and reflects lower levels of NGSS integration. Engaging students in prior knowledge is critical to effectively implement NGSS in their classrooms (NRC, 2012). The NGSS framework states that “diverse knowledge and skills that members of different cultural groups bring... are assets to build on” (NRC, 2012). Under the 5E framework, which ties into both NGSS and prior knowledge, engagement is the first step in drawing students into their learning by creating curiosity (Bybee, 2015). Teachers frequently engaging students’ prior knowledge would be better able to then introduce SEP’s to the students (Bybee, 2015).

The Science Instructional Practices (SIPS) scale and its subscales demonstrated acceptable internal consistency reliability (Field, 2013). Cronbach’s (1951) alpha values for the SIPS subscales are as follows for the original study and our study respectively: Instigating an Investigation (α =.79, .85); Data Collection and Analysis (α =.83, .87); Critique, Explanation, and Argumentation (α =.88, .88); Modeling (α =.79, .83); Traditional Instruction (α =.74, .57), Prior Knowledge (α =.83, .74).

The phenomenon construct, called the Phenomenon Efficacy and Adoption Scale (PEAS), was developed by researchers for this study but had previously been field tested in SBAE contexts by the researchers. Participants responded to items relating to general knowledge of, planning for, and facilitating phenomenon-driven instruction using a Likert (1932) scale of strongly disagree, somewhat disagree, neither agree nor disagree, somewhat agree, and strongly agree. To reduce the potential construct ambiguity stemming from varied interpretations of the term phenomenon, the survey instrument defined it as “practical applications of science, which can be observed and/or measured and are contextualized in specific events” and provided the example of corn not growing uniformly between the center and edge of a field. The construct contained seven items, and reliability was measured using Cronbach’s alpha (α = .93), which is considered acceptable (Field, 2013).” Participants were also given the option to state that they have not taught courses that include NGSS standards. 

Data Collection and Analysis

Data were collected using an online survey administered through Qualtrics, as described in the Participants section. Internal consistency reliability was assessed using Cronbach’s alpha for each construct and subscale. Descriptive statistics were used to summarize participants’ demographic characteristics, self-efficacy scores, and reported frequencies of NGSS-supportive instructional practices. Correlational analyses were conducted to examine relationships between teachers’ phenomenon-efficacy and instructional practices.

Results

The first research objective was to describe California SBAE teachers’ efficacy related to phenomenon-driven instruction. Table 1 presents the means and standard deviations for the seven items measuring teachers’ confidence in their use of phenomenon in the classroom. Teachers reported the highest level of agreement, with the lowest variability in their ability to explain what a phenomenon is in the context of a classroom (M = 4.28, SD = .82). They reported the lowest level of agreement in their ability to coach another teacher or student teacher to use phenomenon-driven instruction (M = 3.57, SD = 1.18)

Table 1
Phenomenon Efficacy and Adoption Scale (N = 95)
	Item
	M
	SD

	I can explain what phenomenon is in the context of a classroom.
	4.28
	  .82

	I can give examples of agricultural phenomena in the classroom.
	4.25
	  .90

	I can plan lessons that are started with and driven by phenomena.
	3.99
	  .93 

	I teach lessons that are driven by phenomenon.
	3.80
	1.00

	I can give examples of how I use phenomenon in my daily teaching in the classroom.
	3.74
	1.13

	I can list examples of sources of where to find phenomenon for my classroom.
	3.72
	1.24

	I can coach another teacher/student teacher to use phenomenon in the classroom.
	3.57
	1.18


Note. Responses were coded as 1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree. α = .93. Overall M = 3.90, SD = .88

The second research objective sought to describe California SBAE teachers’ frequency of engagement in instructional practices with a focus on NGSS-supportive teaching methods. In Table 2, means and standard deviations were reported for six subscales to which instructional practice items were assigned based on the Hayes et al. (2016) study. Within the subconstructs of the instructional practices instrument created by Hayes et al (2016), teachers reported using prior knowledge (M = 3.90, SD = .67) and traditional instruction (M = 3.71, SD = .56) practices most frequently, and modeling (M = 2.75, SD = .84) least frequently.

Table 2
Frequency of Student Engagement in Instructional Practices by Sub Construct (n=107) 
	Subscales 
	NGSS Practice 
	M 
	SD 

	Empirical Investigation 
	 
	 
	 

	    Instigating an Investigation 
	1, 3 
	3.10 
	.71 

	    Data Collection and Analysis 
	3, 4, 5 
	3.22 
	.68 

	Evaluation and Explanation 
	 
	 
	 

	    Critique, Explanation and Argumentation 
	6, 7 
	3.22 
	.74 

	    Modeling 
	2 
	2.75 
	.84 

	Traditional Instruction 
	 
	3.71 
	.56 

	Prior Knowledge 
	 
	3.91 
	.67


Note. Hayes et al. (2016) scale used with permission. Items coded as 1 = never, 2 = Rarely (a few times per year), 3 = Sometimes (once or twice a month), 4 = Often (once or twice a week), 5 = Daily or almost daily. 

[bookmark: _Int_e69uLksr]The third research objective examined the relationship between California teachers’ self-efficacy related to phenomenon-driven instruction and their reported frequency of use of NGSS-aligned teaching practices (Table 3). Pearson product-moment correlations were calculated to analyze the relationships between phenomenon self-efficacy and instructional practices subscales. Phenomenon self-efficacy demonstrated statistically significant, moderate positive relationships with all NGSS-aligned instructional practices subscales including instigating investigations (r = .38, p < .01), critiquing explanations and argumentation (r = .40, p < .01), modeling (r = .37, p < .01), and discussion (r = .42, p < .01).

Use of these NGSS-aligned instructional practices in the subscale all had a significant positive correlation with each other. For example, instigating and investigation positively correlated with data collection and analysis (r = .64, p < .01), critiquing explanations and argumentation (r = .59, p < .01), modeling (r = .47, p < .01), and discussion (r = .47, p < .01). Traditional instruction did not correlate with any of the other NGSS-aligned instructional practices, or with phenomena efficacy. Notably, the traditional instruction subscale returned to a slightly negative, insignificant Pearson coefficient with phenomena (r = -.02, p >.05). However, while the other subscales had an acceptable Cronbach’s alpha (α > 0.70), traditional instruction had a lower value (α =0.57), meaning it must be interpreted with caution (Field, 2013)



Table 3
Correlations for Mean Phenomenon and Instructional Practices
	
	
	P
	II
	DCA
	CEA
	MD
	TI

	Phenomenon (P) a
	95
	
	.46*
	.38*
	.40*
	.37*
	-.02

	Instigating and   
  Investigation (II) b
	107
	
	
	.64*
	.59*
	.47*
	.15

	Data Collection and 
  Analysis (DCA) c
	107
	
	
	
	.72*
	.59*
	.13

	Critiquing Explanations and 
  Argumentation (CEA) d
	107
	
	
	
	
	.51*
	.21

	Modeling (MD)
	107
	
	
	
	
	
	.12

	Traditional Instruction (TI)
	107
	
	
	
	
	
	


Note. a Mean Scale Score. b-e coded as 1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree. p = <.05

Conclusions, Implications, and Recommendations

SBAE teachers’ efficacy related to phenomenon-driven instruction

Results of the Phenomenon Efficacy and Adoption Scale (PEAS) provide insight into SBAE teacher self-efficacy in implementing phenomenon-driven instruction. Teachers reported their highest agreement in items such as being able to explain and give examples of phenomena in the context of a classroom, which indicates foundational understanding of phenomena. However, self-efficacy was lower when applying their knowledge in the classroom or coaching other educators, suggesting weaker probabilities of success in implementing advanced and leadership levels of phenomenon-based pedagogy (Bandura, 1977). These findings suggest that while SBAE teachers in California may possess conceptual knowledge of phenomenon, they may be less likely to translate into enacting phenomenon-driven instruction at advanced levels.  From the perspective of the Refined Consensus Model (RCM) of pedagogical content knowledge (Carlson et al., 2019), self-efficacy may function as a filter between SBAE teachers’ knowledge of NGSS pedagogy and their classroom behaviors. NGSS-aligned SEPs may be utilized in instruction less frequently, despite teachers’ foundational knowledge or positive attitude toward student-centered instructional practices (Smith et al., 2015; Voges et al., 2020). 

SBAE teachers’ frequency of engagement in NGSS-supportive instructional practices

The sub-construct with the highest mean frequency of use was engaging students using prior knowledge. This may not be surprising in SBAE, given SBAE’s hands-on application of science concepts (Stubbs & Myers, 2015) and that the prior knowledge items included “apply science concepts to explain natural events or real-world situations.” This has a connection to NGSS whose performance expectations are built on student experience over time (NGSS Lead States, 2013). However, engaging students in prior knowledge does not directly fall under an SEP but rather serves as a precursor to student engagement in an SEP (Bybee, 2015). The high frequency of use of prior knowledge mirrors findings in the original instrument (Hayes et al., 2016; McKim et al. 2025). High frequency of use supports the idea that SBAE might be well-suited to deepen STEM engagement (Hayes et al., 2016; Ray et al., 2024). 

Within the SIPS scale, traditional instruction had the second-highest mean and lowest standard deviation, indicating that teachers more consistently reporting their use of teacher-centered instructional practices, as opposed to the student-centered instruction emphasized by the NGSS (NGSS Lead States, 2013). This is consistent with findings from the instrument in its original population (Hayes et al., 2016) as well as previous research by Bird and Rice (2021) for traditionally certified teachers, Smith et al. (2015), and Voges et al. (2020). The lower variability of responses also suggests that California SBAE teachers might conceptualize traditional instructional practices more clearly than more student-driven instructional approaches, as suggested by Grapin et al. (2024). We must interpret this with care given the low alpha value (Field, 2013).

Subscales associated specifically with NGSS SEPs (Instigating an Investigation; Data Collection and Analysis; Critique, Explanation, and Argumentation; and Modeling) were reported to be used less frequently overall, which aligns with findings by Hayes et al. (2016). These instructional practices emphasize cognitive involvement and are pertinent to the call for teachers to emphasize practices that encourage student critical thinking and reasoning under the National Research Council’s Framework for K–12 Science Education (2012). These mirror prior research suggesting that SBAE teachers need more support in integrating NGSS concepts (Drape et al., 2016; Wang & Knobloch, 2018), and that stronger alignment between NGSS and SBAE pedagogical frameworks is needed through professional learning (Ray et al., 2024). 

Within the high school NGSS, the SEP of modeling accounts for the highest number of performance expectations (standards), indicating that modeling is an integral facet of NGSS pedagogy (NGSS Lead States, 2013). However, the modeling instructional practices subscale had the least frequency of use and the highest standard deviation, indicating low use and high variability. This could be because, within the subscale of modeling, items were included with higher cognitive involvement, like “Develop a conceptual model based on data or observations (model is not provided by textbook or teacher)” (Hayes et al., 2016). These definitions of specifically student-driven modeling might contradict teachers’ traditional definitions of modeling concepts like demonstration (Smith et al., 2015). The incorporation of higher and lower cognitive involvement items would explain the high standard deviation within this subscale, as higher cognitive involvement items were used markedly less. Instructional practices that increase cognitive involvement are pertinent to the call for teachers to emphasize practices that encourage student critical thinking and reasoning under the National Research Council’s Framework for K–12 Science Education (2012).

As a descriptive point of comparison, we can look at how California SBAE teacher frequency of use of SIPs compares with the original SIPS validation study. Across every subscale, we can see that California SBAE teachers are engaging more frequently than the 3rd–10th grade science teachers (Hayes et al., 2016). On average, SBAE teachers are, ranking their frequency of engagement with students in an NGSS-aligned instruction 0.2 higher on the scale. This finding should be interpreted cautiously, given the differences in grade level and context, but aligns with literature suggesting SBAE is positioned to well implement NGSS pedagogy and its student-driven instructional practices (Drape et al., 2016; Ray et al., 2024; Scherer et al., 2019). 

While traditional instruction remains the most frequently and consistently reported practice among California SBAE teachers, the overall engagement with NGSS-aligned science instructional practices is promising, supportive of McKim et al. (2025). Through the lens of the RCM (Carlson et al., 2019), the patterns observed suggest that the collective PCK around NGSS in SBAE is still developing, particularly in areas requiring complex reasoning, such as modeling, and additionally being filtered by a lack of self-efficacy. Presently, the high frequency of engagement with students’ prior knowledge, as well as SBAE teachers reporting higher frequencies of NGSS-aligned practices than teachers in the original SIPS sample highlight the compatibility between SBAE pedagogy and NGSS goals (Barrick et al., 2018).

Correlation between teachers’ phenomena self-efficacy and instructional practices use

The Pearson correlation matrix provides evidence that teacher self-efficacy in understanding and using phenomena is positively associated with the frequency of NGSS-aligned instructional practices in California SBAE classrooms. These findings echo the results of Grapin et al. (2024) that NGSS instructional practice frequency is associated with confidence in NGSS instructional practice enactment. Our data suggest that teachers who feel confident in using phenomenon-based instruction are more likely to engage students in cognitively demanding, student-driven instructional practices characterized in the literature as cognitively demanding and student-centered. Given that phenomena are integral to the NGSS, this provides additional support for the instruments use of the Hayes et al. (2016) instrument in SBAE contexts as a measure of NGSS instruction. This is further supported by the fact that every subconstruct associated with an SEP is correlated with the other. The strong intercorrelations among these practices reinforce the idea that these strategies are conceptualized collectively, suggesting that SEP use could be strengthened through targeted NGSS professional learning, echoing literature such as Barrick et al. (2018), and Drape et al. (2016), Ray et al. (2024). 

In contrast, no significant correlation was found between teacher self-efficacy in using phenomena and more conventional, teacher-centered instructional practices such as direct instruction. These findings suggest that phenomenon-driven instruction is conceived as a distinct pedagogical knowledge base from traditional lecture or textbook-based instruction, indicative of teachers’ conceptualization of new pedagogy. This is not surprising given that this scale was intended to measure NGSS alignment; NGSS being characterized by a shift from previous teaching methods towards student-driven instruction (NRC, 2012). The slightly negative, insignificant relationship could imply that teachers who do not feel confident teaching NGSS fall back on traditional instructional methods, supportive of the literature (Bird & Rice, 2021; Smalley & Hainline, 2024; Voges et al., 2020). The idea that teachers do not view traditional instruction as NGSS-aligned instruction supports the idea in literature that teachers require the development of NGSS-specific professional development to achieve NGSS integration (Barrick et al., 2018; Drape et al., 2016). Overall, the results point to teacher self-efficacy as an important factor associated with NGSS-aligned instructional behavior in SBAE contexts and reinforce the need for professional learning that fosters both conceptual understanding and pedagogical confidence in using phenomena to drive instruction.


Limitations

There are potential limitations to our study, which suggest opportunities for future research. Care must be taken when generalizing this study, given the relatively low response rate (18% of the accessible population). Additionally, Hayes et al. (2016) found that teachers had difficulty differentiating SIPs by cognitive involvement. This may limit the reliability of responses in our study and interpretation of the conclusions about frequency of science instructional practices between lower and higher cognitive involvement. This mirrors findings from Grapin et al. (2024) that teachers may not know the language of NGSS and therefore an instrument would unreliably measure NGSS integration. Additionally, the Hayes et al. (2016) instrument we used was validated using a population of science teachers. If we were to use factor analysis ourselves, different subscales might have emerged. Finally, our findings do not illuminate the degree of perceived efficacy of NGSS, which is foundational to NGSS implementation (McKim et al., 2025). This is consistent with the findings of Smith et al. (2015), who found discrepancies between perceived effectiveness and use.

Recommendations for Practitioners  

Results indicate that California SBAE teachers may have room to grow in their NGSS-aligned instructional practices to deepen student understanding. While the scope of this study only included frequency of use and not teacher beliefs or pedagogical reasoning, applying the RCM as an interpretive lens suggests that low frequency of enacted PCK may reflection potential filters between ePCK and pPCK, as well as a lack of cPCK for SBAE teachers to draw from. First, the literature suggests that there is limited professional knowledge base aligned with NGSS (Barrick et al., 2018; Ray et al., 2024). The synthesis of SBAE instruction into NGSS, through the establishment of shared language and goals, requires a shift in professional development and teacher preparation to focus more directly on building critical thinking and reasoning through student centered instructional practices (NGSS Lead States, 2013). Second, the literature indicates that high self-efficacy is integral to SEP use (Drape et al., 2016; McKim et al., 2025). Research by Smith et al. (2015), Stubbs and Myers (2015), and Voges et al. (2020) demonstrates that SBAE teachers value NGSS-adjacent instructional practices, yet their actual use lags behind more traditional forms of instruction. This is especially true for practices that teachers perceive as more cognitively demanding for students, which are reported less frequently (Bird & Rice, 2018).

The results of this study, therefore, call for both the establishment of shared pedagogy and the development of targeted support for implementing NGSS-aligned instruction, consistent with past research (Wang & Knobloch, 2018). Recommendations include developing additional curricular resources (Smith et al., 2015), improving teacher networks for NGSS support (Bird & Rice, 2019), offering annual ongoing professional learning experiences including coaching on NGSS integration (Drape et al., 2016), and enhancing teacher preparation programs to include more modeling of NGSS-aligned instructional practices (Voges et al., 2020). Using the lens of the RCM framework, these supports may help reduce perceived barriers and increase SBAE teachers’ confidence enact SEPs (Bird & Rice, 2018).

Recommendations for Research  

Within its scope of determining the degree of NGSS integration in SBAE, this study addressed an important descriptive gap. However, there remains a need for research identifying how SBAE teachers can be supported, which is necessary for the effective development and delivery of professional learning (Barrick et al., 2018). Thus, we recommend studies with a greater depth of scope, such as pre–posttests using this instrument, mirroring Smalley and Hainline (2024). Other possibilities include correlating responses to teacher and school characteristics, as seen in Bird and Rice (2021), Chumbley et al. (2019), and Hayes et al. (2016), or comparing the frequency of science instructional practices use to teachers’ perceived importance and effectiveness of instructional practices. This approach would allow researchers more clarity regarding the relationship between NGSS beliefs and practice, consistent with Smith et al. (2015) and Voges et al. (2020).

Future research should examine the effectiveness of this survey tool in measuring NGSS implementation specifically in SBAE contexts and continue to refine the instrument for this purpose. Ensuring validity through aligning the instrument’s language to SBAE teachers is advised (Grapin et al., 2024; Hayes et al., 2016). Because our population was not large enough to develop unique subscales, future research should investigate using the instrument with a larger more diverse SBAE population. This would allow for examining cognitive demand in teacher’ conceptualization of instructional practices and for identifying possible SBAE specific subscales.   In addition, we recommend further studies using this validated instrument to address the lack of focused research methods in SBAE research noted by Scherer et al. (2019).

	These findings suggest that California SBAE is operating in a transitional space between traditional agriscience instruction and NGSS-aligned sensemaking pedagogy. Teachers reported engaging students in contextualized experiences and activating prior knowledge, which position SBAE with a strong foundation to implement phenomenon-driven learning. Phenomenon related self-efficacy may serve as a strategic leverage point for professional learning, with the potential to influence the use of NGSS Science and Engineering Practices concurrently. 
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