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Abstract 
School-based agricultural education (SBAE) requires teachers to use a variety of pedagogical techniques to support the development of students’ problem-solving skills. This study investigated the impact of team dynamics on the metacognitive, cognitive, and problem-solving behaviors of students enrolled in Introduction to Agricultural Mechanics. Guided by Kirton’s adaptation-innovation (KAI) theory and grounded in the model of problem-solving behavior, we employed a quasi-experimental one-group pretest-posttest design. The study consisted of 48 participants, purposefully grouped into homogeneous or heterogeneous team formations based on their KAI scores. Data were also collected using the Metacognitive Awareness Inventory (MAI), a criterion-referenced test, and a researcher-developed troubleshooting assessment. Data analysis revealed no differences were found between cognitive style, metacognition, and problem-solving behavior. However, statistically significant differences were discovered based on team formation. Heterogeneous teams were more proficient in procedural knowledge, comprehension monitoring, and debugging. As such, we concluded that team formation played a crucial role in supporting the development of students’ metacognitive and cognitive processes as well as their problem-solving ability. Going forward, teacher preparation programs should incorporate problem-solving practices into their coursework to nurture students’ skills in advanced pedagogy, as well as their ability to effectively use team-based instructional approaches once they enter SBAE classrooms. 
Introduction
In today’s workforce, success requires individuals to possess advanced skills such as communication, problem-solving, and teamwork (Jacobson-Lunddeberg, 2016; Lumina, 2018; Rotherham & Willingham, 2010). Such skill development has been emphasized in school-based agricultural education (SBAE) by promoting higher-order critical thinking through various active learning strategies, including team-based learning (Ernst et al., 2017; Kolb, 1984; Michaelson & Sweet, 2008; Phipps & Osborne, 1988; Yew & Goh, 2016). These strategies enable students to connect their learning to authentic real-world experiences by focusing on the development of problem-solving skills through collaboration, which research has demonstrated strengthens cognition, metacognition, and reflective skills (Figland et al., 2021, 2025; Felder & Brent, 2009; McCubbins et al., 2016). Even with such efforts to promote problem-solving methodology, research has suggested that preservice teachers enter the classroom with limited problem-solving proficiency (Darling-Hammond, 2006; Gumbi et al., 2024; Smalley et al., 2019; Weeks et al., 2020), which has been compounded by factors such as limited content knowledge and lack of authentic practice opportunities, specifically in problem-solving (Gumbi et al., 2024).
[bookmark: OLE_LINK1]To foster the growth of these critical skills, it has become increasingly necessary for preservice and in-service teachers to be aware of the factors that influence individuals’ problem-solving ability, particularly regarding their cognitive style, metacognitive ability, and problem complexity (Figland et al., 2021, 2025). To develop these skills, the problem solver must be able to engage with the problem presented to them. Often, many of the problems encountered in authentic settings are not structured, meaning they have multiple paths to solution (Jonassen, 2000). These types of problems require individuals to utilize a broad range of knowledge from multiple domains to interact with the problem (Jonassen, 2000). Therefore, for individuals to solve problems, they must possess the ability to manage their cognitive and metacognitive abilities (Figland et al., 2021, 2025). Moreover, they must have an awareness of how they prefer to solve problems to make informed decisions on how to address the issue. This means that for individuals to begin problem-solving, they must understand how they acquire and utilize information, which involves cognition and metacognition (Figland et al., 2025).
By definition, cognitive style is an individual’s preferred method of learning (Kirton, 2003). An individual’s cognitive style directly relates to how they retrieve, retain, and organize information when dealing with a problem (Keefe, 1979). It is a key factor in their effectiveness in accomplishing such tasks (Jonassen, 2000). Nevertheless, an individual’s metacognitive ability has also been shown to play a critical role in the problem-solving process (Zimmerman & Risemberg, 1997). Metacognition is the process by which the problem solver utilizes problem-solving strategies to form schemas or patterns of directed thought (David & Sternberg, 1998). As such, this process reflects how an individual thinks about thinking – a concept called the regulation of learning (Cross & Paris, 1998; Flavell, 1979; Martinez, 2006; Rhodes & Tauber, 2011). Specifically, metacognition involves knowing what, how, and when to apply the skills, strategies, and resources necessary to solve a problem (Dimmitt & McCormick, 2012). In agricultural education, research has explored the role of cognitive style grouping and metacognitive ability on the factors that shape the problem-solving process, including ability to generate a hypothesis, content knowledge, time to solution, decision-making, and more (Blackburn & Robinson, 2016; (Figland et al., 2021, 2022; 2025; Lamm et al., 2012; Pate & Miller, 2011a, 2011b).
However, the development of these skills is dependent on a multitude of factors, including the role of team dynamics, which is influenced by a variety of internal and external factors (Humphrey & Aime, 2014). These factors often include team formation, personality, cognitive style gap, time, personal relationships, culture, and more (Humphrey & Aime, 2014). Previous educational research has focused on cognitive styles within teams, specifically on cognitive style gaps (Buffington et al., 2005; Kirton et al., 2003). Such research has illuminated three main benefits of teams recognizing differing cognitive styles, including (a) conformity and consensus, (b) relevance, and (c) conflict management. In line with this notion, Kirton (2003) reiterated the importance of bridgers in team dynamics. Bridgers are those individuals who “reach out to the people in the team and help them to be part of it, so that they may contribute even if their contribution is outside of the mainstream” (p. 247). Kirton (2003) concluded that leaders who act as bridgers can understand each team member’s unique cognitive style and help narrow the gaps, thereby facilitating the problem-solving process more effectively. 
In agricultural education, the role of team dynamics in the problem-solving process has been researched regarding team formation and its impact on effectiveness and efficiency in problem-solving for agricultural education majors (Figland et al., 2021, 2025; Blackburn et al., 2017; Lamm et al., 2016). However, very little research exists on the influence that team dynamics have on cognitive function and problem-solving behavior, particularly in relation to the problem-solving process. To facilitate the problem-solving process and develop critical 21st Century skills, preservice teachers must be equipped with the pedagogical and methodological knowledge necessary to thrive in today’s classrooms (Ajani et al., 2024; Grossman et al., 2009; Mncube et al., 2021). Therefore, it is crucial to examine these factors to understand their impact on the holistic problem-solving process, thereby enabling the development of students’ problem-solving abilities and critical thinking skills, particularly for those preparing to teach SBAE.
Conceptual and Theoretical Framework
The theoretical foundation for this study was Kirton’s (2003) adaptation-innovation theory (KAI). This theory is based on the belief and assumptions about how an individual prefers to solve problems, whether they are complex or straightforward (Kirton, 2003). Therefore, illuminating an individual’s preferred cognitive style (Kirton, 2003) allows them to understand their cognitive process better when faced with a problem to solve. This theory posits that individuals fall on a continuum between 32 and 160, in which those who score less than 95 are considered more adaptive, and those who score 96 or higher are considered more innovative (Kirton, 2003). It is essential to note that neither of these identifiers is more advantageous than the other; instead, they highlight the dominant tendencies of the individual when they approach problem-solving. 
Among cognitive style groups, several distinct benefits and challenges exist when solving real-world problems. Kirton (2003) ascertained that homogeneous groups were more likely to collaborate with greater ease and generate consensus more efficiently when solving problems. In contrast, heterogeneous groups may experience greater difficulty communicating and managing their perspectives, as teams comprised of members who are adaptive in nature tend to struggle with solving complex problems, while innovators tend to prefer these types of problems (Kirton, 2003). Often, innovators view adaptors as constricting and become frustrated with the problem-solving process, which hinders their ability to solve problems (Kirton, 2003). Nevertheless, the convergence of these cognitive styles can lead heterogeneous groups to be more effective at solving complex problems if they can manage their opposing perspectives (Kirton, 2003; Lamm et al., 2012). 
To conceptually frame this study, we employed the model of problem-solving behavior (Figland et al., 2025), which was developed to illuminate the process an individual undergoes when problem-solving (see Figure 1). Foundationally, the model is underpinned by two theories: (a) self-regulated learning theory (Zimmerman & Risemberg,1997) and (b) Bloom’s taxonomy of learning (Bloom, 2001). At the base of the model, the tenets of self-regulated learning theory are used to reflect how the optimization of critical thinking ability depends on an individual’s capacity for self-regulated learning. Therefore, self-regulated learning is an interrelated process that consists of three focal areas known as (a) metacognition – the act of thinking about thinking, (b) cognition – the act of knowing how and when to apply critical thinking strategies, and (c) motivation – or one’s beliefs and values. Thus, the development of advanced problem-solving ability emerges at the convergence of these three factors, as depicted in the model. 
When individuals achieve self-regulation, they progress through problem-solving behaviors as conceptualized using Bloom’s (2001) taxonomy of learning. This taxonomy delineates six hierarchical cognitive processes that an individual uses when problem-solving, helping to identify any deterrents to the process. Specifically, there are six levels in Bloom’s taxonomy including: (a) remember – which involves recognizing and recalling basic information; (b) understand – or a learner’s ability to interpret information; (c) apply – refers to using knowledge in the correct context; (d) analyze – a learner’s ability to organize information and examine key relationships; (e) evaluate – which involves make judgments based on a set criteria; and (f) create – a learner’s ability to generate or produce a hypothesis (Bloom, 2001). At its most basic level, a learner can recall information, whereas at its highest level, they can generate a correct solution to a problem.
The convergence of these two frameworks enabled us to gain a deeper understanding of the learners, as well as the measurable outcomes of problem-solving. In particular, KAI helped identify the type of problem-solving style that the students under investigation preferred and what dispositions they brought to the process, while the problem-solving behaviors model identified how these individuals solved a contextually situated problem. Therefore, through the use of these two lenses, we were better able to illustrate the complex link between cognitive style, self-regulation, and how behavioral outcomes unfolded during the problem-solving process. 
Figure 1
Model of Problem-Solving Behavior
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Note. This model was adapted from Zimmerman and Risemberg’s (1997) self-regulated learning theory and Bloom’s (2001) taxonomy of learning.
Background of the Study
As previously noted, this investigation was part of a larger, more comprehensive research study examining the multiple cognitive facets that influenced the problem-solving process (see Figland et al., 2024). Therefore, limitations existed, specifically regarding the generalizability of the findings beyond the population of students enrolled in Introduction to Agricultural Mechanics at Louisiana State University. Further, it is essential to acknowledge that this course was structured as a flipped classroom utilizing team-based learning (TBL), where the majority of the course time was spent in the laboratory conducting hands-on, application-based activities. The course consisted of four main modules: (a) safety, (b) agricultural construction, (c) electricity, and (d) small gasoline engines. 
Following the recommendations from Michaelson and Sweet (2008) for structuring a team-based learning course, each module, students would engage with the instructional material prior to the lecture. Often, these materials consisted of a short reading, a PowerPoint presentation, and supplemental videos that explained a specific topic (e.g., cooling and lubrication). During the lecture, students would engage in a quick review and then complete an Individual Readiness Assurance Test (IRAT). Each team would then complete a Team Readiness Assurance Test (TRAT). Utilizing a TRAT ensured that each member had a chance to collaborate and participate in particularly challenging items. After the formative assessments, the remainder of the course meeting was spent in the laboratory completing exercises designed to challenge their problem-solving abilities and develop their conceptual and procedural knowledge through real-world, application-based activities.  
Purpose and Objectives
This study was developed as part of a larger research project that examined the multiple facets of cognition and metacognition as students engaged in a problem-solving activity for an Introduction to Agricultural Mechanics course at Louisiana State University. Thus, this investigation sought to examine the effects of team dynamics on the problem-solving process for students enrolled in an introductory agricultural mechanics course. Specifically, we examined the relationships among cognitive diversity, metacognitive ability, and problem-solving behavior to gain a more holistic understanding of the role team dynamics played in the problem-solving process. The following research objectives and hypotheses guided this study:
1. Describe students’ level of metacognitive awareness and problem-solving behaviors based on team formation (homogeneous or heterogeneous) in Introduction to Agricultural Mechanics.
2. Determine the effect that cognitive diversity had on the metacognitive awareness of students when troubleshooting a small gasoline engine.
a. H0: No differences existed between students’ cognitive diversity and metacognitive awareness when troubleshooting a small gasoline engine.

3. Determine the effect cognitive diversity had on students’ problem-solving behavior when troubleshooting a small gasoline engine. 
a. H0: No differences existed between cognitive diversity and small engines content knowledge of students enrolled in an introductory agricultural mechanics course.

Methods
To achieve the objectives of this study, we utilized a quasi-experimental one-group pre-posttest design. This design was chosen due to the lack of random assignment of participants to the treatments (Campbell & Stanley, 1963). This study consisted of students (N = 48) enrolled in Introduction to Agricultural Mechanics at Louisiana State University from the Spring 2023 and 2024 semesters. A Levene’s test of homogeneity was conducted between the two semesters based on age (t = -.243, p = .885) and criterion-referenced test scores (t = -1.25, p = .245), and no differences were found; therefore, the data were merged for analysis. Demographically, the majority of the students were female, aged 20 to 21, and were juniors in classification, majoring in agricultural education. Additionally, the majority of students had never taken any agricultural mechanics-related courses or been involved in FFA Career Development Events (CDEs) focused on the area of interest. All students in this study (N = 48) participated in each phase of the course. Further, they all participated fully in data collection as well as the study’s two treatments. 
Treatments
As part of the study, we employed two treatments. Treatment A consisted of all students being purposefully grouped into teams of four, consisting of either homogeneous innovative or adaptive teams and heterogeneous teams based on their scores from the KAI. Treatment B consisted of one known fault in each small gasoline engine during the troubleshooting application activity, which was an upside-down float in the carburetor. During the small gasoline engines unit, all teams were further collapsed into dyads to promote a more conducive and collaborative environment (see Table 1). It is important to note that students in this course completed all requirements in their respective groups and were encouraged to collaborate with their teammates throughout.
	Table 1
Small Gasoline Engine Sub-Grouping Treatments Spring 23’and 24’

	Teams
	Small Gasoline Sub-Grouping

	
	Group A
	
	Group B

	
	Individual Group Member KAI Scores

	Team 1
	85
	76
	
	77
	84

	Team 2
	96
	100
	
	97
	107

	Team 3
	93
	84
	
	92
	80

	Team 4
	104
	101
	
	116
	108

	Team 5
	64
	92
	
	73
	88

	Team 6
	116
	93
	
	110
	94

	Team 7
	98
	65
	
	101
	74

	Team 8
	86
	94
	
	89
	97

	Team 9
	88
	91
	
	81
	88

	Team 10
	99
	100
	
	99
	94

	Team 11
	100
	85
	
	106
	82

	Team 12
	105
	67
	
	112
	74

	Team 13
	133
	79
	
	-
	-


Note. Teams 1, 3, 5, 8, and 9 were homogeneous in their adaptability; Teams 2, 4, and 10 were homogeneous in their innovativeness; and Teams 6, 7, 11, 12, and 13 were heterogeneous in their approach.

Instrumentation and Data Collection 
Data for this study were collected using the KAI, Metacognitive Awareness Inventory (MAI), a researcher-developed troubleshooting assessment, and a criterion-referenced test. At the beginning of the semester, all students were given the KAI and received scores that ranged from 32 to 160 on a continuum. Scores of 95 or less were deemed adaptive, and scores of 96 or higher were identified as innovative (Kirton, 2003). Based on this score, students were placed into one of two groups: (a) homogeneous adaptive/innovative or (b) heterogeneous. Previous research has validated this instrument, with reliability coefficients ranging from .83 to .91 (Kirton, 2003; & Selby et al., 1993). 
Each student then completed the MAI; an instrument widely used in educational psychology to assess an individual’s metacognitive awareness. This instrument consisted of 52 items on a bipolar scale that asked a series of questions related to eight constructs within the instrument. Previous research indicates that the construct validity of this instrument was .90 and reliability coefficients ranges from .54 – .70 (Schaw & Denison, 1994). In this particular study, a reliability analysis were conducted and revealed a reliability coefficient of .90; therefore, the instrument was deemed reliable. 
Finally, we developed a troubleshooting instrument to examine students’ path to problem-solving. When creating this assessment, we theoretically grounded it in Johnson’s (1989) technical troubleshooting model and Bloom’s (2001) taxonomy. It included nine items in two categories: (a) hypothesizing and identifying engine symptoms, and (b) seven troubleshooting questions aligned with Bloom’s taxonomy. A rubric (0–1 scale) quantified learning, with validity confirmed by a panel of experts, and a reliability coefficient established at .735. Each rater had taught agricultural mechanics courses in high school SBAE for at least three years and are current university faculty members.
Data Analysis
The data were analyzed in accordance with the study’s objectives. To address research question one, we utilized frequency, mean, and SD to describe the team formation based on metacognitive awareness and problem-solving behaviors. To address research questions two and three, an independent samples t-test were conducted between cognitive diversity groups (i.e. homogeneous or heterogeneous), metacognition, and problem-solving behaviors. 
Findings
Research Objective One
The purpose of research objective one was to describe the team composition (homogeneous or heterogeneous) based on the MAI, problem-solving behavior, criterion-referenced test, and troubleshooting rubric. In regard to the criterion-referenced test, heterogenous teams had higher overall scores than homogenous, respectively (M = 15.44, SD = 5.40; M = 14.35, SD = 6.78). Further analysis describes the team composition based on problem-solving behavior constructs (see Table 2). Among both team formations, the ability to understand the problem was the highest construct, respectively (M = .971, SD = .096; M = 1, SD = 0). Conversely, for homogeneous teams, the ability to analyze information was their lowest construct (M = .362, SD = .361). Meanwhile, the lowest construct for heterogeneous teams was their ability to evaluate the problem (M = .387, SD = .299) (see Table 3).
Table 2
Problem-Solving Behavior Construct Means by Team Composition
	Construct
	f
	M
	SD

	Remember
	
	
	

	          Homogeneous 
	23
	.841
	.198

	          Heterogeneous 
	25
	.853
	.219

	Understand
	
	
	

	          Homogeneous 
	23
	.971
	.096

	          Heterogeneous 
	25
	1.00
	0

	Apply
	
	
	

	          Homogeneous 
	23
	.594
	.375

	          Heterogeneous 
	25
	.800
	.304

	Analyze
	
	
	

	          Homogeneous 
	23
	.362
	.361

	          Heterogeneous 
	25
	.400
	.373

	Evaluate
	
	
	

	          Homogeneous 
	23
	.406
	.301

	          Heterogeneous 
	25
	.387
	.299

	Create
	
	
	

	          Homogeneous 
	23
	.435
	.420

	          Heterogeneous 
	25
	.560
	.382



We further examined the team formation on metacognitive awareness constructs. Regarding team formation, the highest mean construct score was conceptual knowledge (M = 3.52, SD = 1.67; M = 4.08, SD = .997). The lowest mean construct scores among both team formations, were procedural knowledge (M = 2.22, SD = 1.41; M = 3.00, SD = .866) and comprehension monitoring (M = 4.04, SD = 2.16; M = 5.24, SD = 1.56) (see Table 3).
Table 3
Metacognitive Awareness Construct Mean by Team Composition
	Construct
	f
	M
	SD

	Declarative Knowledge
	
	
	

	          Homogeneous 
	23
	4.96
	2.49

	          Heterogeneous 
	25
	5.88
	1.66

	Procedural Knowledge
	
	
	

	          Homogeneous 
	23
	2.22
	1.41

	          Heterogeneous 
	25
	3.00
	.866

	Conceptual Knowledge
	
	
	

	          Homogeneous 
	23
	3.52
	1.67

	          Heterogeneous 
	25
	4.08
	.997

	Planning
	
	
	

	          Homogeneous 
	23
	3.96
	2.06

	          Heterogeneous 
	25
	4.12
	1.45

	Comprehension Monitoring
	
	
	

	          Homogeneous 
	23
	4.04
	2.16

	          Heterogeneous 
	25
	5.24
	1.56

	Information Management Strategies
	
	
	

	          Homogeneous 
	23
	6.82
	2.98

	          Heterogeneous 
	25
	7.80
	1.76

	Debugging
	
	
	

	          Homogeneous 
	23
	3.91
	1.68

	          Heterogeneous 
	25
	4.64
	.638

	Evaluation
	
	
	

	          Homogeneous 
	23
	3.78
	1.88

	          Heterogeneous 
	25
	4.00
	1.08


Note. MAI scores range from 0 – 52. Knowledge of Cognition scores range from 0 – 17. Declarative Knowledge scores range from 0 – 8, Procedural Knowledge scores range from 0 – 4, and Conceptual Knowledge scores range from 0 – 5. Regulation of Cognition scores range from 0 – 32. Planning scores range from 0 – 7, Comprehension Monitoring scores range from 0 – 7, Information Management Strategies scores range from 0 – 10, Debugging scores range from 0 – 5, and Evaluation scores range from 0 – 6.

Research Objective Two
The purpose of objective two was to determine whether cognitive diversity (adaptive or innovative) had any effect on overall metacognitive awareness. To test the hypothesis, an independent sample t-test was conducted, revealing no statistically significant differences between cognitive diversity and overall metacognitive awareness (t = 3.412; p = .147) (see Table 4). Further, a test of the effect size revealed a small to medium effect size, r = .30. Therefore, based on the analysis, we failed to reject the null hypothesis. 
	Table 4
 T-Test for the Effect Cognitive Diversity has on Overall Metacognitive Awareness

	F
	df
	t
	p

	3.412
	46
	-1.060
	.147



The relationship between these variables was then further explored and analyzed by team grouping (homogeneous or heterogeneous) and students’ scores on the MAI. The analysis of the independent sample t-test revealed a statistically significant difference between team grouping and metacognitive awareness (t = -1.79; p = .040). The analysis further illuminated that three of the eight subconstructs were also statistically significant, including (a) procedural knowledge (t = -2.34; p = .024), (b) comprehension monitoring (t = -2.21; p = .032), and (c) debugging (t = -2.012; p = .050) (see Table 5).
	Table 5
T-Test for the Effect Team Grouping has on Metacognitive Awareness by Construct

	Construct
	F
	df
	t
	
	p

	Knowledge of Cognition
	
	
	
	
	

	          Declarative Knowledge
	3.549
	46
	-1.52
	
	.136

	          Procedural Knowledge
	10.914
	46
	-2.34
	
	.024

	          Conceptual Knowledge
	5.027
	46
	-1.42
	
	.163

	Regulation of Cognition
	
	
	
	
	

	          Planning
	1.194
	46
	-.320
	
	.750

	          Comprehension Monitoring
	2.617
	46
	-2.21
	
	.032

	          Information Management Strategies
	1.290
	46
	-1.39
	
	.170

	          Debugging
	7.330
	46
	-2.02
	
	.050

	          Evaluation
	7.106
	46
	-.496
	
	.622

	Note. MAI scores range from 0 – 52. Knowledge of Cognition scores range from 0 – 17. Declarative Knowledge scores range from 0 – 8, Procedural Knowledge scores range from 0 – 4, and Conceptual Knowledge scores range from 0 – 5. Regulation of Cognition scores range from 0 – 32. Planning scores range from 0 – 7, Comprehension Monitoring scores range from 0 – 7, Information Management Strategies scores range from 0 – 10, Debugging scores range from 0 – 5, and Evaluation scores range from 0 – 6.



Research Objective Three	 
Research objective three examined the effect that cognitive diversity had on the students’ problem-solving behavior. To test the hypothesis, an independent sample t-test was employed, and the analysis revealed no statistically significant differences between cognitive diversity and overall problem-solving behavior (t = -0.468; p = 0.321) (see Table 6). A test of effect size was conducted, revealing a small effect (r = .13). Therefore, based on the analysis, we failed to reject the null hypothesis. 
	Table 6
T-Test for the Effect Cognitive Diversity has on Overall Problem-Solving Behavior

	F
	df
	t
	p

	1.363
	46
	-.468
	.321



We then further explored these variables again by team grouping (homogeneous or heterogeneous) and the seven problem-solving behaviors construct. The independent sample t-test revealed that there was no statistically significant difference between team grouping and overall metacognitive awareness (t = -.53; p = .300). The analysis further revealed that only one of the six subconstructs was statistically significant; apply (t = -2.09; p = .042) (see Table 7). 
	Table 7
T-Test for the Effect Team Grouping has on Problem-Solving Behavior by Construct

	Construct
	F
	df
	t
	
	p

	          Remember
	.086
	46
	-.212
	
	.833

	          Understand
	11.15
	46
	-1.51
	
	.138

	          Apply
	1.70
	46
	-2.09
	
	.042

	          Analyze
	.008
	46
	-.355
	
	.724

	          Evaluate
	.018
	46
	.221
	
	.826

	          Create
	.999
	46
	-1.08
	
	.284

	


Conclusion and Discussion
The findings from this study suggested that cognitive diversity (adaptive or innovative) did not have a significant influence on students’ overall metacognitive ability and problem-solving behavior. Despite this, a small to medium effect was observed; therefore, we conclude that cognitive diversity did appear to have a meaningful impact in a real-world context, such as troubleshooting in a course designed for teacher preparation in agricultural education. This notion aligned with previous research, indicating that preservice teachers need to engage in more authentic real-world settings (Gumbi et al., 2024).
The findings from this study also suggested that the type of team composition had some effect on the problem-solving process. In particular, we found that team formation had a significant impact on the factors that influence metacognitive ability; specifically, procedural knowledge, comprehension monitoring, and debugging (Schaw & Dennison, 1994). This notion does not appear to have previously been reported in the literature on teacher preparation for agricultural education. As such, this may suggest that team formation could have an impact on an individual’s ability to regulate their thinking process. Perhaps heterogeneous team formations provide a broader thinking pattern, which is key in the development of metacognitive skills (Dimmitt & McCormick, 2012; Zimmerman & Risemberg, 1997). Further, this conclusion aligns with the adaptation-innovation theory, which suggests that groups that can manage diverse perspectives are more effective (Kirton, 2003).
We also concluded that team formation had an impact on students’ problem-solving behaviors, including their ability to apply knowledge; this notion has yet to be explored in agricultural education literature. Specifically, this conclusion indicated that team composition influenced how students transferred and applied knowledge when problem-solving. This finding supports the problem-solving behavior model and Bloom’s taxonomy of learning (2008), as heterogeneous teams were able to transition their learning from conceptual to actionable outcomes, which also enhanced their metacognitive ability to self-regulate their learning (Zimmerman &Risemberg, 2008). Therefore, this finding suggested a more complex relationship among factors that affect problem-solving ability. Perhaps heterogeneous team formation may enhance students’ ability to apply knowledge. Nevertheless, individual cognitive diversity (adaptive or innovative) did not significantly influence students’ metacognitive ability in this study. Instead, we discovered that purposeful team grouping (homogeneous or heterogeneous) appeared to influence their metacognition and problem-solving behavior. Thus, it was suggested that the interaction of purposeful team formation helped shape the students’ metacognitive and cognitive engagement in the problem-solving process. Therefore, in this study, heterogeneous teams appeared to foster richer opportunities for procedural learning, self-monitoring, debugging, and applying knowledge, all of which are critical skills in problem-solving, particularly as agricultural education majors prepare to teach concepts such as small gasoline engines in SBAE. 
Implications, Limitations, and Recommendations
For preservice teachers to succeed in the current SBAE classroom, they must develop and utilize critical problem-solving skills (Figland et al., 2025). Therefore, future research should further explore specific dimensions of cognitive diversity (e.g., strategy selection, problem type) in relation to the interaction of team composition. Although this study did not indicate that cognitive style had any impact on overall metacognition and problem-solving behaviors, it did suggest that heterogeneous teams were more effective on key problem-solving factors. Additionally, future research should investigate the effects of utilizing a variety of reflective and metacognitive strategies assignments on team composition. The findings from this study also suggested that heterogeneous team formations were more likely to effectively leverage their cognitive diversity. Specifically, examining these characteristics may further elucidate the complex relationship between team composition, cognition, metacognition, and problem-solving behaviors. 
Future research should investigate how cognitive and metacognitive skills are applied in teacher practice. Specifically, research should identify whether team formation affects instructional planning, decision-making, and effective teaching characteristics in the SBAE classroom. This could help to understand the complex connection between SBAE teacher preparation and the real-world experience. Lastly, replication of this study is needed with a larger, more diverse population and in a broader context. Conducting this research in other agricultural settings will reveal if team formation has a similar effect on problem-solving. This research could lead to illuminating long-term improvements in problem-solving pedagogy and help close the gap in critical thinking skills. Finally, in terms of practice, we recommended emphasizing and integrating team-based problem-solving opportunities through coursework in SBAE teacher preparation programs. Although this study was focused on a technical skills course, preservice SBAE teachers should be exposed to collaborative learning environments throughout instruction. Thus, teacher preparation institutions should utilize instruction techniques that enhance preservice SBAE teachers’ ability to understand metacognition and strategic grouping. 
It is essential to note that this study had specific limitations. First, the population for this study was limited to students enrolled in Introduction to Agricultural Mechanics at Louisiana State University. Therefore, the findings from this study should not be generalized beyond the bounds of this population. Secondly, it was integral that the two groups remained intact for data analysis to achieve the purpose and objectives of this study. However, we recognize that this creates a higher opportunity for Type II errors in the data analysis process due to the low sample size (N = 48), which decreases our statistical power and increases the likelihood of failing to reject a null hypothesis. Field (2018) recommended a power analysis statistic of .80 to ensure sufficient statistical power. Following this recommendation, a power analysis was conducted, revealing a power statistic of  = 0.77 (Field, 2018). Although we did not reach Field’s (2018) recommended power threshold, we maintain that this study yielded practical implications that advanced critical knowledge on problem-solving for teacher preparation in agricultural education. Therefore, going forward, researchers should seek to replicate this study’s design with a greater number of participants to achieve the power needed to draw quality inferences. 
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