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Abstract

Educators have a plethora of teaching methods that allow them to tailor the learning environment to meet
students’ needs. One novel instructional approach that has grown in popularity in U.S. higher education
has been the flipped classroom approach, which has become a popular way to embrace a student-
centered learning environment. Of the various types of flipped classrooms, team-based learning allows
students to learn content outside of classroom time and spend more time doing hands-on activities as a
team in a laboratory environment. This study aimed to describe the effect of cognitive style on the
motivation of undergraduate students enrolled in an introductory agricultural mechanics course at
Louisiana State University. Descriptive statistics, including means, frequencies, and standard deviations,
were utilized to test the hypothesis and gain a holistic understanding of the data. We also conducted a
Mann-Whitney U test to determine if a statistically significant difference existed between motivation and
cognitive style. No statistically significant differences were found between cognitive style and motivation.
However, the more innovative students in this investigation had higher motivation scores than those
identified as more adaptive.

Introduction and Review of Literature

It has become increasingly important for educators to adopt new instructional approaches to develop higher-
order thinking skills for their students to meet the demands of the current workforce (Figland et al., 2019,
2020b; Fuhrmann & Grasha, 1983; Jonassen, 2000; Ulmer & Torres, 2007). Because of the complexity of
problems that individuals face in the workplace, skills associated with problem solving, or critical thinking,
have become highly desired (Eisner, 2010; Gokhale, 1995; Garcia-Perez et al., 2021) due to employers
wanting individuals who can find, identify, and solve complex problems in an effective and efficient manner
(Johnson, 1991; Rodriguez-Sabiote et al., 2022; Van der Zanden et al., 2018). However, it has been noted
that students have not historically solved meaningful problems as a part of their education (Jonassen, 2000).

A common type of problem solving that can be encountered in our everyday lives revolves around the
ability to troubleshoot problems. Troubleshooting, as defined by Herren (2015), is determining what causes
a malfunction in a machine or process. Further, Custer (1995) and Jonassen (2000) added that
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troubleshooting also includes a subset of problems where the problem is situated in a real-world context.
These problems are often integrated into our daily lives and are ill-structured in nature, which means they
are defined by a single domain, and often their solutions are undefined. As such, they often require the
learner to integrate multiple domains to achieve the solution (Jonassen, 2000). These ill-structured problems
require the troubleshooter to possess knowledge, skill, and multiple experiences to interact effectively with
the complex system they are troubleshooting (Johnson & Fleshner, 1993; Jonassen, 2003). According to
Halpern (1984), the most important component of effective problem solving is an individual’s ability to
recognize and select the most appropriate solution. However, it has also been found that the path to deriving
a solution between novice and expert troubleshooters is often quite different (Pate et al., 2004).

Previous research has been conducted to understand the differences between novice and expert
troubleshooters. For instance, Dixon and Johnson (2011) found that expert troubleshooters employed key
metacognitive processes, or the ability to reflect on their learning and adapt when solving a problem.
Whereas novices had more difficulty troubleshooting because of a lack of metacognitive abilities (Dixon
& Johnson, 2011; Gitomer, 1988). Such findings have also been linked to individuals’ lack of experience
and knowledge, which hinders novices from successfully troubleshooting (Dixon & Johnson, 2011;
Johnson, 1989). On this point, Johnson (1989) argued that the main difference in troubleshooting ability
between expert and novice troubleshooters was attributed to the information received and experience
acquired in a specific domain.

Other research on problem solving has focused on the influence of cognitive styles on decision-making
(Witkin et al., 1977). For example, in the context of agricultural mechanics, Blackburn et al. (2014) sought
to assess the effects of cognitive style and problem complexity on the problem-solving ability of
undergraduate students. This study’s results indicated no statistically significant differences in the problem-
solving ability of the more innovative individuals when solving a simple or complex problem. Similarly,
Blackburn et al. (2016) assessed the troubleshooting ability of undergraduate students based on cognitive
style, problem complexity, and hypothesis generation ability and reported no statistically significant
differences. However, a more recent study by Figland (2021) found that cognitive style grouping did have
a statistically significant and positive effect on undergraduate students’ problem-solving ability regarding
their time to solution and hypothesis generation ability. Further, Figland (2021) reported that regardless of
problem complexity, students who generated the correct hypothesis were more efficient problem solvers.

In agricultural education, problem solving, and critical thinking skills have been commonly taught through
the problem solving approach to teaching and learning (Phipps & Osborne, 1988). For many years, the
problem solving approach has been considered the best method of instruction in agriculture (Phipps &
Osborne, 1988) because school-based agricultural education (SBAE) programs have become an optimal
place to assist students in developing and refining problem solving and higher-order thinking skills (Pate
& Miller, 2011a). Despite this, educators have generally not taught an ample number of problem-solving
skills in their curriculum (Pate & Miller, 2011b), which has been compounded by teachers’ lack of
knowledge on how to effectively implement new teaching approaches that can foster problem solving skill
development (Granberry et al., 2022, 2023; Jonassen, 2000; Ulmer & Torres, 2007).

To combat the lack of skills, educators have begun incorporating innovative teaching methods such as the
flipped classroom approach (Figland et al., 2019). The first flipped classrooms emerged in the early 2000s
(Frederickson et al., 2005; Strayer, 2007; U.S. Department of Education, 2001). This teaching and learning
approach can allow students to take command of their own learning outside the classroom while allowing
educators to facilitate meaningful interactive learning experiences during class (Lage et al., 2013). Team-
based learning (TBL) is a modified version of the flipped classroom concept that primarily uses student-
centered learning and shifts instruction from a traditional lecture format (Artz et al., 2016; Nieder et al.,
2005). Essentially, TBL allows students to take on the responsibility of learning conceptual knowledge
outside of class and focus on procedural knowledge during traditional classroom time (Michealsen & Sweet,
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2008). In this format, students can develop problem-solving and critical thinking skills by having the time
and space to solve real-world problems as a component of their coursework (Figland et al., 2019).

Although TBL emerged in the 1970’s, research supporting its use and effectiveness has been few and far
between, especially in agricultural education. However, recent research on the use of TBL has been
conducted. McCubbins et al. (2016) examined students’ perceptions of TBL in a capstone course. The
findings suggested that students had a positive view of TBL and were satisfied with the learning
environment (McCubbins et al., 2016). The results from this study also indicated that working in groups
positively impacted students’ motivation to work and learn in a collaborative environment (McCubbins et
al., 2016). Similarly, McCubbins et al. (2018) assessed student engagement in a TBL formatted course and
found that TBL supported students’ critical thinking, motivation to learn, and ability to effectively apply
course concepts. Further, Figland et al. (2019) reported that students were highly satisfied with a TBL-
formatted agricultural mechanic course. These students perceived that TBL supported the development of
critical thinking skills, created a positive collaboration between group members, and increased their self-
efficacy in agricultural mechanics (Figland et al., 2019).

It has also become apparent that awareness of a student’s cognitive style is a crucial factor in the overall
success of their ability to solve problems (Jonassen, 2000). Broadly, cognitive style can be defined as an
individual’s preferred way of organizing and retaining information to solve problems (Keefe, 1979; Kirton,
2003). However, it should be noted that individuals vary in their preferred cognitive style, which can
influence their pattern of thinking and reasoning (Kirton, 2003; Jonassen, 2000). For quite some time,
research has focused on cognitive styles' influence on teaching and learning, specifically their influence on
the decision-making process (Witkin et al., 1977). Educational research has overwhelmingly conveyed the
importance of the cognitive style of individuals as an important function of their everyday life and has also
been heavily linked to students’ motivation (Myers & Dyer, 2006; Parr & Edwards, 2004; Roberts et al.,
2016; Roberts & Robinson, 2018; Thomas, 1992; Torres & Cano, 1995; Witkin et al., 1977). As such, the
following question has persisted: Does cognitive style affect the motivation of students enrolled in a TBL-
formatted course in agricultural mechanics?

Purpose and Hypothesis

The purpose of this study was to determine the effect of cognitive style on the motivation of students
enrolled in an introductory agricultural mechanics course at Louisiana State University. The following null
hypotheses guided this study:

Hol: No statistically significant differences existed in motivation based on cognitive style for
students enrolled in an introductory agricultural mechanic’s course.

Theoretical Framework

The theoretical framework used for this study was Kirton’s (2003) adaptation-innovation theory (A-I
theory). According to Kirton (2003) cognitive style is “the preferred way to which people responds to and
seek to bring about change” (p. 43). Therefore, the result describes differences regarding the problem
solving and cognitive styles between individuals. The A-I theory is founded on the belief that every
individual is creative and can solve problems, whether simple or complex (Kirton, 2003).

Further, A-I theory presumes individual cognitive style is predetermined from the initial stages of life and
remains stable, regardless of previous factors. However, A-I theory is a measure of cognitive style that
examines problem solving individually (Kirton, 2003). Therefore, this theory is concerned with the
influence of individual cognitive style and preferred mode of learning. It is also important to note that the
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term preferred relates to the difference between an individual’s style and behavior and the term style
indicates a distinction between individual style and the level of cognitive capacity (Kirton, 2003).

In this investigation, we used A-I theory as a lens to examine where individuals’ cognitive style falls
between adaptation and innovation on a continuum (Kirton, 2003; see Figure 1). Therefore, this type of
scale does not allow any individual to be purely an adaptor or purely an innovator. Specifically, individuals
with scores ranging from 32 to 95 are considered more adaptive and prefer a more structured environment
when solving problems. These individuals prefer well-established problems and favor working within the
current problem structure (Kirton et al., 1991). More adaptive individuals collaborate well with group
members and generate ideas that favor consensus (Kirton, 2003). On the contrary, individuals whose scores
range from 96-160 are considered more innovative in nature and prefer less structure to solve the problem,
and often challenge boundaries (Kirton, 2003; Lamm et al., 2012). More innovative individuals tend to
break the boundaries and generate ideas outside the current group structure (Kirton, 2003). Often,
individuals falling more on the innovative side of the continuum tend to be novel and find diverse ways to
solve problems. Whereas adaptors tend to be safer, more predictable, conforming, and less ambiguous when
solving problems (Kirton, 1999, 2003). Therefore, the KAI was utilized in this study to understand students’
cognitive styles and better understand how individuals in those groups tend to solve problems and interact
with other cognitive styles when paired together.

Figure 1

Kirton’s (2003) Adaptation-Innovation Theory (A-1 Theory)

Number of People
With a Given Style

Change Within Change of

the System the System
More Adaptive Style More Innovative Style

Making Things Better Making Better Things

Methods

The data associated with this study were collected as part of a larger research project that investigated the
effect students’ cognitive style had on small engines problem-solving ability (Figland et al., 2019). A one-
group pretest-posttest preexperimental design was used to collect data associated with this research project
(Campbell & Stanley, 1963; Salkind, 2010). This method has been used in educational research when all
individuals were assigned to an experimental group and observed at two time periods (Campbell & Stanley,
1963; Salkind, 2010). However, because there is no comparison group in this investigation, it was
impossible to determine if the change occurred from the intervention or other extraneous variables.
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Population/Sample

The population of this study was students enrolled in an introductory agricultural mechanics course at
Louisiana State University during two spring academic terms, Term A (n = 17) and Term B (n = 15).
However, one student from Term B did not complete enough course work and was excluded from the study.
Therefore, our population was N = 31. Demographically, the majority of our participants were female (n =
17, 54.8%), classified as sophomores (n =13, 41.9%), and majored in Agricultural and Extension Education
(n=13, 41.9%) at Louisiana State] University.

Homogeneity was tested using independent sample t-tests to determine if there were statistically significant
differences between the students enrolled in Term A and Term B based on age (p = 0.596) and cognitive
style (p = 0.109). A Chi-Square test was then utilized to determine if gender differences existed between
the two academic terms (p = .576). This analysis revealed that our population was homologous; therefore,
the data were merged for further analysis.

Instrumentation

To determine individual cognitive style, the Kirton’s Adaptation-Innovation Inventory (KAI) was utilized.
The KAI was given to all students in a paper format at the beginning of the term. The instrument consisted
of 32 items directed at understanding an individual’s preferred learning mode. Scores fall between 32 and
160 on a continuum, with a midrange of 96 (Kirton, 2003). Meaning that individual scores ranging from 32
— 95 are considered more adaptive, while scores from 96 — 160 are identified as more innovative.

Due to the wide use of this instrument, the internal reliability of this instrument has been measured through
multiple studies. Kirton (2003) reported that internal reliability coefficients ranged from .84 — .89 after data
analysis from six different studies. Further, a multitude of other studies that utilized the KAI showed
reliabilities between .83 and .91 (Kirton, 2003).

To assess student motivation, we utilized the Course Interest Survey (CIS) developed by Keller (2010). The
primary goal of this instrument was to determine how motivated students were before and after a particular
lesson or course. For this study, all students in this course completed the CIS instrument via paper format
at the beginning and end of the small gasoline unit. The CIS instrument was attached to the back of the
pretest packet and posttest packet, which were handed out on the first day of the small engine module and
the last day. This instrument had 34 items, which were composed of the four subscales of the ARCS model
(Attention, Relevance, Confidence, and Satisfaction). Participants responded on a five-point Likert-type
scale from 1 = not true, 2 = slightly true, 3 = moderately true, 4 = mostly true, and 5 = very true.

The CIS instrument has been utilized in various educational settings to determine its validity and reliability.
The validity of this instrument was tested by correlating students’ CIS scores with their course grades and
overall GPA (Keller, 2010). It was determined that all of the correlations between the CIS and course grades
were above the .05 alpha level, and there were no correlations between the CIS and GPA at the .05 alpha
level. This finding supports the validity of the CIS as a situational measure of motivation and not a construct
measure of student learning (Keller, 2010). Also, internal reliability estimates were determined by utilizing
Cronbach’s alpha. The reliability estimates were determined by pretesting, revising, and retesting of 45
undergraduate students at the University of Georgia (Keller, 2010) and are displayed in Table 1. Internal
consistency estimates were overall high for each subscale; therefore, the instrument was deemed reliable.
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Table 1

CIS Internal Consistency Estimates by Keller (2010)

Seale Reliability Estimate
Cronbach’s &
Attention 84
Relevance 84
Confidence 81
Satisfaction 88
Total Scale (CIS) 95

Course Structure

To determine cognitive style, the KAI was administered on the first class of the term. Based on the student
cognitive style score, the students were purposefully grouped into five teams. These teams were grouped
as either homogenous, adaptive, homogeneous, innovative, or heterogenous for the remainder of the
semester. Further, all course content, exams, and learning activities were designed around the team-based
learning method outlined by Michealsen and Sweet (2008).

The students were administered a 30-item pretest and the Course Interest Survey (CIS) on the first day of
the small gasoline engines unit. The small gasoline engine unit consisted of five individual modules. Those
modules included (a) small engine tool and part ID, (b) 4-cycle theory and fuel, (c) ignition and governor
systems, (d) cooling/lubrication system, and (f) troubleshooting. At the completion of the small gasoline
engines unit, the students completed the 30-item criterion referenced posttest and CIS.

Data Analysis

To achieve the objective of this study, descriptive statistics including means, frequencies, and standard
deviations were used to gain a deeper understanding of the population and phenomenon being observed.
Further, Mann-Whitney U tests were employed to determine if a statistically significant difference exists
between motivation and cognitive style. Mann-Whitney U tests were utilized in this study because the data
were not normally distributed.

Results

At the beginning of the course, students were administered the Course Interest Survey (CIS) (Keller, 2010).
The students completed the CIS at the beginning of the small gasoline engines unit and then were reassessed
at the end of the unit. Overall, average individual pre- motivation was 150.45, with scores ranging from
129-167. When looking at individual cognitive style categories, more adaptive individuals had a mean score
of 149.57, with a range of 129-167 on the pre-motivation survey, while more innovative individuals had a
mean score of 153 and a range of 135-165. Regarding the four CIS construct areas, the more adaptive
individuals had a mean score of 4.01 in the pre-attention construct, which is interpreted as mostly true. The
more innovative students also had a mean pre-attention score of 4.19, which was mostly true. In the
relevancy area, the more adaptive individuals had a mean score of 4.61, and the more innovative individuals
had a pre-relevancy score of 4.68, which was interpreted as very frue. Within the satisfaction area, the more
adaptive individuals had a mean score of 4.49, interpreted as mostly true. The more innovative students had
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a mean score of 4.60 pre-satisfaction scores, interpreted as very true. Finally, in confidence, the more
adaptive students had a mean score of 4.45, which was mostly true. Finally, the more innovative individuals
had a pre-confidence mean score of 4.50, interpreted as very true (see Table 2).

Table 2

Pre-Course Interest Survey Scores for Students Enrolled in Introduction to Agricultural Mechanics by
Cognitive Style (N = 31)

Item f M SD  Minimum Maximum
Overall Pre-Motivation 31 150.45 10.430 129 167
Overall Pre-Motivation by Cognitive Style
More Adaptive 23 149.57 10.166 129 167
More Innovative 8 153  11.464 135 165
Individual Construct Pre-Motivation by Cognitive
Style
Attention
More Adaptive 23 4.01 521 2.250 4.750
More Innovative 8 4.19 496 3.125 4.625
Relevance
More Adaptive 23 4.61 293 3.890 5.00
More Innovative 8 4.68 .509 3.625 5.00
Satisfaction
More Adaptive 23 449 452 3.56 5.00
More Innovative 8  4.60 385 4.00 5.00
Confidence
More Adaptive 23 445 384 3.75 5.00
More Innovative 8 450 .509 3.625 5.00

On the post-motivation survey, the average motivation scores were 151.10, with scores ranging from 109-
167. Also, the 23 more adaptive individuals had an average score of 152.09, with a range of 109-167 on the
post- motivation survey. Whereas the eight more innovative students had an average score of 156 and
ranged from 141-167 on the post- motivation survey. In regard to the four CIS construct areas, in the
attention area, the more adaptive individuals had a mean score of 4.09, which was interpreted as mostly
true. The more innovative students had a mean post-attention score of 4.33, which was considered mostly
true. In the relevancy area, the more adaptive and innovative individuals had a mean score of 4.64,
interpreted as very true. In the satisfaction area, the more adaptive individuals had a mean score of 4.56,
and the more innovative students had a mean score of 4.67, which was recorded as very true. Finally, in the
area of confidence, the more adaptive students had a score of 4.58, and the more innovative individuals had
a post-confidence mean score of 4.70, which was interpreted as very true (see Table 3).
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Table 3

Post-Course Interest Survey Score for Students Enrolled in Introduction to Agricultural Mechanics by
Cognitive Style (n = 31)

Item f M SD Minimum  Maximum
Overall Post- Motivation 31 153.10 11.80 109 167
Overall Post- Motivation by Cognitive Style
More Adaptive 23 152.09 12.79 109 167
More Innovative 8 156 8.37 141 167

Individual Construct Pre-Motivation by
Cognitive Style

Attention
More Adaptive 23 4.09 .565 2.875 5.00
More Innovative 8 4.33 .347 3.875 4.875
Relevance
More Adaptive 23 4.64 418 3.110 5.00
More Innovative 8 4.64 341 4.110 5.00
Satisfaction
More Adaptive 23 4.56 455 3.110 5.00
More Innovative 8 4.67 316 4.110 5.00
Confidence
More Adaptive 23 4.58 341 3.75 5.00
More Innovative 8 4.70 258 4.25 5.00

A Mann-Whitney U test was used to determine the difference between students’ motivation and cognitive
style. The Mann-Whitney U test determined that there were no statistically significant differences in
motivation by cognitive style (p =.619) (see Table 4).

Table 4

Mann-Whitney U Test for Differences in Motivation by Cognitive Style for Students Enrolled in
Introduction to Agricultural Mechanics

U Z p

81 -.498 619

Conclusions and Implications

Overall, the statistical analysis revealed there were no statistically significant differences between an
individual’s cognitive style and motivation. Therefore, the researchers failed to reject the null hypothesis.
However, it should be noted that the more innovative students had higher motivations on the pre and post-
test than the more adaptive students. Further, when diving deeper into each individual ARCS construct, all
students had the highest motivation in the area of relevance and satisfaction. Therefore, the students in this
course felt that the course content was relevant to their overall learning and indicated that they were highly
satisfied with the course. This conclusion was consistent with research completed by Figland et al. (2019),
which indicated students have an overwhelmingly positive perception of a team-based learning formatted
agricultural mechanics course and were highly satisfied with the course. However, these findings were not
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consistent with previous research by McCubbins et al. (2016) and McCubbins et al. (2018), which indicated
that working in teams increased student motivation to learn and work collaboratively.

It should be noted that the more innovative individuals had higher motivation on the pre-and post-test than
the more adaptive students. As such, an implication from this investigation was that the more innovative
students have higher motivation because of the TBL course structure, which allowed them to take control
of their learning (Michealsen & Sweet, 2004; Sibley & Ostafichuk, 2015). This conclusion would also be
consistent with Kirton (2003), who reported that more innovative individuals prefer a less structured
environment that allows for more idea generation ability. However, it should be highlighted that more
innovative individuals are the least successful troubleshooters. This finding could be due to the nature of
the problem being solved. In this course, all students were given the same troubleshooting problem and a
hypothesis generation sheet. The problem that was given was open-ended but only had one solution. On
this point, Kirton (2003) found that more innovative individuals tend to get lost in the details and often have
difficulty wading through all their ideas. Perhaps the more innovative individuals in this investigation
generated too many ideas and had a tough time deciding where to begin, which extended their time to
solution and negatively affected their motivation.

Recommendations

Additional research is recommended to investigate the role of cognitive diversity on student motivation.
The results from this study indicated no statistically significant relationship existed between cognitive
diversity and motivation. However, the more innovative students reported being more motivated on the pre-
and post-test than any other group. Investigating factors associated with student motivation may bring
insight into the role motivation has on problem-solving ability.

Further research is also warranted to examine the effect an individual’s metacognition has problem solving
ability and cognitive style. Metacognition is the ability of an individual to regulate their cognitive activity.
Research should be done to collect an individual’s metacognitive ability to understand what factors can
affect overall problem-solving ability. Understanding that association could allow researchers to uncover
miscues in the problem-solving process and help the individual become a better problem solver by
understanding how the individual regulates their cognitive processes.

Also, replication of this study is needed to increase the population size and statistical power. Increasing the
population size to 50 students or more would allow the researchers to analyze the data utilizing parametric
statistics without committing Type-II errors. Further, when replicating this study, it is recommended that
full random assignment of treatment and control groups be utilized. This will allow the researchers to
generalize the findings beyond the population being studied.

Recommendations for Practice

From a practitioner standpoint, it is recommended that individuals be grouped by their cognitive styles in a
manner conducive to the learners and environment. Results from a previous study indicated that purposeful
cognitive style grouping has an effect on overall problem-solving ability when working in groups. Post-
secondary practitioners should be able to recognize different cognitive styles and understand how to format
learning activities/materials to meet diverse learning needs and promote problem solving ability.

It is also recommended that institutions utilize TBL or a form of flipped classroom, especially in a
laboratory-based setting like agricultural mechanics. Perhaps greater knowledge of such instructional
approaches to use in laboratory-based contexts could be addressed through greater professional
development opportunities (Granberry et al., 2022, 2023; Roberts et al., 2020a, 2020b). Although results
from this study found no differences, the students still had positive perceptions and motivations from the
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course (Figland et al., 2020a), which indicated students have an overwhelming positive perception of a
team-based learning formatted agricultural mechanics course and were highly satisfied with the course.

Limitations

The limitations of this study were the inability of the researchers to control all extraneous variables.
Specifically, due to the nature of a pre-experimental study, full randomization of treatments and control
groups was not utilized because all students elected to be enrolled in the introductory agricultural mechanics
course. To make these findings generalizable, full randomization of treatments and control groups would
be necessary. Also, due to the low sample size, the power of the statistical procedures was low. Due to this
factor, there was a higher chance of committing a Type-II error. Therefore, non-parametric statistics were
utilized to describe and analyze the data to lower the potential for committing a Type-II error. Such
limitations warrant future examination of this phenomenon using a larger sample size to distill whether the
findings of this study could be corroborated.
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