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Introduction
In today’s workforce climate, success requires individuals to possess advanced skills like 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 active learning strategies like experiential learning (EL), inquiry-based learning, problem-based learning, and team-based learning (Ernst et al., 2017; Kolb, 1984; Michaelson & Sweet, 2008; Phipps & Osborne, 1988; Yew & Goh, 2016). These strategies offer students the ability to connect their learning to real-world experiences, by focusing on the development of problem-solving skills through collaboration. Futher, research has demonstrated that these environments strengthen cognition, metacognition, and reflective practice (Figland et al., 2021, 2025; Felder & Brent, 2009; McCubbins et al., 2016).
To foster the growth of these critical skills, it has become increasingly necessary for individuals to be aware of the elements that influence students’ problem-solving ability, particularly their cognitive style and metacognition (Figland et al., 2021, 2025). Cognitive style is an individual’s preferred method of learning (Kirton, 2003). Therefore, an individual’s cognitive style directly relates to how they retrieve, retain, and organize information when dealing with a problem (Keefe, 1979) and is a key factor in their effectiveness in accomplishing such (Jonassen, 2000). However, 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 is knowing what, how, and when to use the skills, strategies, and resources required to solve a problem (Dimmitt & McCormick, 2012). 
However, the development of these skills is dependent on a plethora of factors such as the role of team dynamics, which is influenced by a multitude of internal and external factors (Humphrey & Aime, 2014). These factors often include, team formation, personality, cognitive style, time, personal relationships, culture, and more (Humphrey & Aime, 2014). Within agricultural education, the role team dynamics play in the problem-solving process has been researched in relation to team formation on effectiveness and efficiency in problem-solving for agricultural education majors (Blackburn et al., 2017; Lamm et al., 2012; Figland et al., 2021, 2025). However, very little research exists on the influence team dynamics has cognitive function and problem-solving behavior, in relation to the overall problem-solving process. Nevertheless, it is imperative that we examine these factors to understand the relationship they have on the holistic problem-solving process in order to develop students problem-solving abilities and critical thinking skills, especially those preparing to teach SBAE.
Purpose and Objectives
This study was developed as part of a more extensive research study that examined the multiple facets of cognition and metacognition as students were engaged in a problem-solving activity 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 more holistically understand the role team dynamics play on the problem-solving process. The following research objectives and hypotheses guided this study:
1. Determine the effect cognitive diversity has on metacognitive awareness when troubleshooting a small gasoline engine.
a. H0: No differences existed between cognitive diversity and metacognitive awareness when troubleshooting a small gasoline engine.

2. Determine the effect cognitive diversity has on 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. 

Theoretical and Conceptual Framework
The theoretical foundation for this study was Kirton’s (2003) adaptation-innovation theory (KAI). This theory is guided on the belief and assumptions of how an individual prefers to solve problems, whether they be simple or complex (Kirton, 2003). Therefore, illuminating an individuals preferred cognitive style (Kirton, 2003), which allows them to better understand their cognitive process when faced with a problem to solve. This theory posits that individuals fall on a continuum between 32 to 160 in which individuals who are less than 95 are considered more adaptive and those who are 96+ are considered more innovative (Kirton, 2003). It is important to note that neither of these identifiers are more advantageous than the other, they simply highlight the dominant tendencies of the individual when they go about solving problems. 
To conceptually frame this study, we used Figland’s (2025) problem-solving behavior model, which was created to illuminate the process that an individual engages in when problem-solving (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 – act of thinking-about-thinking, (b) cognition – act of knowing how and when to apply critical thinking strategies, and (c) motivation – one’s beliefs/values. Thus, the development of advanced problem-solving ability emerges at the convergence of these three factors, as depicted in the model. When self-regulation is achieved, the learner then progresses through the problem-solving behaviors as depicted using Bloom’s (2001) taxonomy of learning. This process articulates the path to problem-solving and helps to identify any deterrents in the process. At its most basic level, a learner would be able to recall information and at its highest level they would be able to generate a correct problem-solving solution.
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.
Methods
As previously noted, this study was part of a more robust research study examining the multiple cognitive facets that affect the problem-solving process. Therefore, there were limitations that 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 important to recognize that this course was formatted as a flipped classroom utilizing team-based learning (TBL) where the majority of course time was spent in the laboratory doing hands-on application-based activities. As part of the treatment of this study, all students were purposefully grouped into teams of four consisting of either homogenous innovative or adaptive and heterogenous based on their scores from the KAI. The students completed all course requirements in their respective groups and were encouraged to collaborate with their teammates throughout. During the small gasoline engines unit, all teams were further collapsed into dyads to promote a more conducive and collaborate environment. The final treatment consisted of one known fault in each small gasoline engine during the troubleshooting application activity. 
To accomplish 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 N = 48 students enrolled in introduction to agricultural mechanics at Louisiana State University from the Spring 2023’ and 2024’ semesters. A test of homogeneity was conducted amongst the semesters and were found to be no differences; therefore, the data were merged for analysis. Demographically, the majority of the students were female, aged 20 to 21, and were juniors in classification. 
Data for this study were collected using the KAI, metacognitive awareness inventory (MAI), and researcher developed troubleshooting assessment. All students at the beginning of the semester were given the KAI and received scores that ranged on a continuum from 32 – 160. Scores that were 95 or less were deemed as adaptive and scores 96 and higher were identified as innovative (Kirton, 2003). The students then engaged in completing the MAI, which is an instrument widely utilized in educational psychology to assess an individual’s metacognitive awareness. This instrument consisted of 52-items on a bi-polar scale that asked a series of questions related to eight constructs. Finally, a troubleshooting instrument was developed to examine students’ path to problem-solving. The assessment was developed using Johnson’s (1989) technical troubleshooting model and Bloom’s (2001) taxonomy. It included nine items in two categories: (1) hypothesizing and identifying engine symptoms, and (2) seven troubleshooting questions aligned with Bloom’s taxonomy. A rubric (0–1 scale) quantified learning, with validity confirmed by a panel of experts and reliability was established at .735. 
Lastly, data were analyzed based on the objectives of the study. To address research question one and two, an independent sample t-test were conducted to determine if there were any statistically significant differences between cognitive diversity, metacognition, and problem-solving behaviors. 
Findings
Research Objective One
The purpose of objective one was focused on determining if cognitive diversity (adaptive or innovative) had any effect on overall metacognitive awareness. To test the hypothesis, an independent sample t-test was conducted and revealed that there were no statistically significant differences between cognitive diversity and overall metacognitive awareness (t = -1.06; p = .147) (see Table 1). Further, a test of the effect size revealed that it was a small-medium effect r = .30. Therefore, based on the analysis, we failed to reject the null hypothesis. 
	Table 1
 T-Test for the Effect Cognitive Diversity has on Overall Metacognitive Awareness

	F
	df
	t
	p

	3.41
	46
	-1.06
	.147



The relationship between these variables was then further explored and analyzed by team grouping (homogenous or heterogenous) and students’ scores on the MAI. The analysis of the independent sample t-test revealed that there was 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 = .012), (b) comprehension monitoring (t = -2.21; p = .016), and (c) debugging (t = -2.012; p = .025) (see Table 2).
	Table 2
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
	
	.068

	          Procedural Knowledge
	10.914
	46
	-2.34
	
	.012

	          Conceptual Knowledge
	5.027
	46
	-1.42
	
	.082

	Regulation of Cognition
	
	
	
	
	

	          Planning
	1.194
	46
	-.320
	
	.375

	          Comprehension Monitoring
	2.617
	46
	-2.21
	
	.016

	          Information Management Strategies
	1.290
	46
	-1.39
	
	.085

	          Debugging
	7.330
	46
	-2.02
	
	.025

	          Evaluation
	7.106
	46
	-.496
	
	.311

	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	 
Research objective two examined the effect cognitive diversity had on the students problem-solving behavior. To test the hypothesis, an independent sample t-test was utilized and the analysis revealed that there were no statistically significant differences between cognitive diversity and overall problem-solving behavior (t = -.46; p = .32) (see Table 3). A test of effect size was conducted and revealed a small effect (r = .13). Therefore, based on the analysis, we failed to reject the null hypothesis. 
	Table 3
T-Test for the Effect Cognitive Diversity has on Overall Problem-Solving Behavior

	F
	df
	t
	p

	1.36
	46
	-.46
	.32



We then further explored these variables again by team grouping (homogeneous or heterogeneous) and 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 were statistically significant; apply (t = -2.09; p = .021) (see Table 4). 
	Table 4
T-Test for the Effect Team Grouping has on Problem-Solving Behavior by Construct

	Construct
	F
	df
	t
	
	p

	          Remember
	.086
	46
	-.212
	
	.416

	          Understand
	11.15
	46
	-1.51
	
	.069

	          Apply
	1.70
	46
	-2.09
	
	.021

	          Analyze
	.008
	46
	-.355
	
	.362

	          Evaluate
	.018
	46
	.221
	
	.413

	          Create
	.999
	46
	-1.08
	
	.142

	


Conclusion/Discussion/Recommendations
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. Although a small-medium effect was observed, it did not appear to have a meaningful impact in a real-world context, such as troubleshooting in a course designed for the preparation of teachers in agricultural education. However, findings from this study did suggest 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. Further, this conclusion was consistent with the KAI literature, which ascertains that groups who 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. Thus, this finding points to a more complex relationship amongst factors that affect problem-solving ability. Perhaps, heterogeneous team formation may enhance the ability of students to apply knowledge. Nevertheless, although individual cognitive diversity (adaptive or innovative) did not greatly influence students’ metacognitive ability in this study, purposeful team grouping (homogeneous or heterogenous) did appear to influence their metacognition and problem-solving behavior. Therefore, heterogeneous teams appear 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.
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