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ABSTRACT

The purpose of this study was to determine ifdhveere any significant differencgs <
.05) in cognitive achievement between differentrungional techniques on students enrolled in
high school agricultural science classes in Nor#twekansas. Lesson content covered the
production, uses, and performance of biodiesekfuretompression engines. Treatments were
different instructional techniques including leeudemonstration, and a combination of lecture
and demonstration. Cognitive achievement was nmedsan low level cognition and high level
cognition. In addition, this study sought to fiady correlation between student perceptions of
lecture versus demonstration and tinkering seltaffy on student achievement.

A true experimental pretest-posttest design (#2 wsed to conduct this research
(Campbell & Stanley, 1996). The population coresistf all students enrolled in high school
agricultural science courses in the spring of 20Akample population was used consisting of
27 intact classe$\NE333). Nine classes were used per treatment.eStshjvere taught using any
(but only one per subject group) of the three meatts based on random selection. Every
subject received a pretest prior to the lessortlaenl posttest following the treatment. Student
perceptions of tinkering self-efficacy and perceps of demonstration and lecture were
collected for every subject.

Data collected for this study revealed no sigatficdifference across instructional
techniques on knowledge acquisiti¢f(Z)=0.68,p=.52). However, when comparing treatments
and cognitive achievement, there was a signifid#fgrence between the combination technique
(2.92,9D .55) and the lecture technique (2.8D, .65) on high cognitive achievement. There
was not a significant difference on students’ ctigaiachievement on low level cognition.

There was not a significant correlation betweedett perceptions (preference) of instructional



technique and knowledge acquisition. Nor was thesgnificant correlation between student
perceptions of tinkering self-efficacy and knowledgcquisition. There was a significant

correlation between tinkering self-efficacy anddemt preference of instructional technique.
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CHAPTER 1
INTRODUCTION
Need for the Study

Learning is a phenomenon experienced daily by mmolstiduals. Learning is a process
that can change behavior or knowledge towardst®nsmthrough experience (Woolfolk, 2010).
Therefore, people gain new information each dagugh the process of increasing experiences
within their environment. Because numerous thé&odenceptualize that experiences lead to
knowledge acquisition, the question remains regardelecting the best method to aid in this
knowledge acquisition in today’s classrooms.

“Learning occurs as a result of experiences hathéyearner” (Roberts & Harlin, 2007
p. 47). Experiential learning is simply learningdoing (Dewey, 1938). When an individual
experiences a reality, that reality becomes knogdethus knowledge acquisition or learning
occurs. A similar philosophy, or theory, is thétLev Vygotsky (1978), a psychologist, who
believed that learning is a tool in developmentptigh acting, learning will occur.

There are many different learning styles towardglvinstruction may be directed,
therefore, theories on education and learning hdtd of importance (Tannahill, 2009). The
different types of learners include auditory, visaad kinesthetic or tactile (Cano & Hughes,
2000; Gregorc, 1979; Jensen, 1969; Knapp citecewret, 1952; McGregor, Fraze, Baker,
Burley, and Byrd, 2004). A conclusion from the\poeisly cited sources may indicate that every
student learns differently. This conclusion ispuped with research completed by Cano,
Garton, and Raven (1992) who found that “studetiftsrdn learning styles, personality styles,
and in their preferred method of teaching (pg.’5Because of this, not all students learn the

same and it becomes important to tailor lessonsiwbater different learning styles (McGregor



et al., 2004). McGregor et al., (2004) stated st take into consideration that each student
learns differently and one method of instructionas sufficient to effectively reach every type
of learner.

Learning is considered a cognitive process comgjsif levels (Bloom, Englehart, Furst,
Hill, & Krathwohl, 1956). A common goal of teackes to provide students the ability to think
at a level beyond recalling and recitation. Blosmaxonomy is composed of two orders of
cognitive thinking; high and low (Bloom et al., )5 Bloom et al., (1956) broke the thinking
process into six levels; knowledge, comprehensgpplication, analysis, synthesis, and
evaluation. The first three - knowledge, comprei@m and application - are considered to be
low order cognition. The next three steps - ang)ys/nthesis, and evaluation - are higher order
cognitive thinking. One step in the cognitive prss must be reached before continuing to the
following step (Bloom et al, 1956).

Recently, another theory has evolved which inclgleslar levels of thinking: Webb’s
Depth of Knowledge (DOK). Webb’s DOK involved sard understanding, and the more they
understand, the higher the level they achieve (W2009). Each level indicates, not how much
the student has learned but how much the studelg@rstands (Webb, 2009). Thus, a higher
level of cognition has been achieved.

Teachers can promote conditions that foster teasfifiectiveness: teacher effectiveness is
a major role or influence on students’ academices® (USDOE, 2012). Because of this, a
teacher may also have an influence on the lewehioh a student thinks or understands.
Academic success is achieved when students can eoakections and associations beyond the
classroom (Honigsfeld & Dunn, 2010). Therefore, goal of teaching is to help students

develop the ability to reach higher levels of thintk Consequently, the purpose of an



agricultural educator is to provide the agricultwarkforce with skilled and successful workers
that are agriculturally literate (Roberts, & B&009). Congruent with this thought is it is
essential that the agriculture workforce be prodideth workers that can apply their knowledge.
Based on research (Estepp & Roberrts, 2011; Haglaysf Dunn, 2010; Roberts & Ball, 2009;
USDOE, 2012), it is imperative to provide studeamisavenue by which higher levels of learning
can take place. Allowing students educational @rtstructed experiences provides them the
ability to reflect on and generalize their learningaking it more transferable outside of the
classroom or learning environment (Estepp & Rob&a@41).

Students learn most effectively when they are faligaged (Honigsfeld & Dunn, 2010).
Furthermore, “teaching occurs when performancehseaed with assistance” (Tharp &
Gallimore, 1991 f11). Researchers (Honigsfelduman, 2010; Tharp and Gallimore, 1991)
purport that teachers should strive to fully engsigelents in a directive learning environment.
Because of instructors’ key role in students’ emgagnt, instructors should be selecting teaching
methods based on learning styles (McGregor e2@04). If students cannot focus because of a
lack of understanding, students’ engagement igkashigsfeld & Dunn, 2010). Therefore,
selecting a learning style in which the instructipwlirected is necessary for student engagement.

For years, the main method of delivering educatiorfarmation has been traditional
lecture-type instruction (Broadwell, 1980; O’'Mall&McCraw, 1999; Waldron & Moore,

1991). However, lecture does not satisfy thefoalexperiential learning because it lacks the
hands-on experience component necessary for theagement of hands-on skills (Dewey, 1916:
Roberts & Ball, 2009). Passive learning — i.ern@a without doing — is effective, but when
passive meets real-world experience, learning besamuch more significant (Dewey 1916). A

common method of delivery in agricultural educatitmprovide experience, is through hands-on



demonstrations. Through hands-on demonstratiosisicent is able to be actively involved in
the lesson. This engages the tactile and kinestbeses, which, according to Dewey (1916)
encourages active learning. Although visual arttitaty learning involves an experience which
the brain must process, those styles are consigassive (Dewey, 1916).

There have been multiple studies which comparedifft teaching methods and their
impact on effectuating knowledge (Dyer & Osborrn@9@; Kolb; 1984; Korwin & Jones, 1990;
O’Malley & McCraw, 1999; Ott, Mann, & Moores, 199Ballee, 2012). A recent study by
Sallee (2012) concluded that there is a positivestation between student test scores and high
perceptions in tinkering self-efficacy. Anotheanding was a positive correlation between
perceptions of tinkering self-efficacy and metheed (Sallee, 2012). The conclusion was that
presentation method had a significant impact adestti learning based on the students’ perceived
ability towards tactile based learning. Moreowtudents taught using the problem-solving
approach exhibited higher mean scores on achieveless than those taught using the subject
matter approach (Dyer & Osborne, 1996).

Studies show correlations and comparisons of diffemethods of teaching, but there
appears to be a need for further research (Newséfagjlow, & Johnson, 2005). Results from
a study performed by Newsome, et al., (2005), ssigtat the results comparing teaching
methods vary from school to school. Thus, furtheestigation into the phenomenon of how
students learn based in differentiated methodotogi®uld be explored.

Statement of the Problem

The impact of teaching methodologies towards dognachievement is a concern of

education professionals. Furthermore, there &k df evidence within the literature that

demonstrates strong comparisons of different tegcimethods; lecture, demonstration, and a



combination of lecture and demonstration. Thergfthis research is guided by a need for
comparing teaching methods and their effect on itivgrachievement.

With many different teaching strategies availabléstructors, one is left questioning
the most effective method. Resulting from a nefe@aching method comparisons, the purpose
of this study was to determine the most appropnatehod of teaching to achieve high levels of
cognition. High and low level cognition were vénlies of study based on three selected teaching
methods: lecture only, demonstration only, andulecand demonstration combined. This study
further sought to determine student perceptiorieathing method used as well as the influence
of tinkering self-efficacy towards preference ofthals of instruction.

Purpose

The purpose of this study was to determine iféhveas a significant differencp € .05)
in different methods of instruction; including lac¢, demonstration, and a combination of
lecture and demonstration. The study also detethdtifferences in cognitive gains (high or
low) between the different methods of instructidhalso sought to determine the influence of
student perceptions of methods on knowledge adouisas well as the influence of tinkering
self-efficacy on knowledge acquisition.

Limitations

Limitations to this study were recognized as f@#o In consideration that the study was
conducted in Northwest Arkansas it may be infethed students in different areas may return
different results; therefore, generalizations cowdtlbe made. Also, there was not an
opportunity for randomization within the groups aese the classrooms were already set by the
school. Randomization of treatments was able toiolsecause intact classes were randomly

assigned treatments.



Key Terms

Active Learning:Active learning is broadly defined as the act afrfeng by being engaged in

projects, discussions, and activities which stirreuthe mind and involves the student on
a higher level than simply listening (Bonwell, 2000

Biodiesel A domestically produced, renewable fuel made froethyl esters of animal oils,
vegetable (plant) oils, or a combination of thenpkand animal oil (Marshal,
Schumacher, and Howel 1995)

B-20: A blend of biodiesel which contains 20% biodiesed 80% conventional D2 diesel
(Marshal et al., 1995).

D2 Diesel:D2 petroleum is conventional low sulfur diesel fu&his would be similar to the
diesel one might purchase at a regular fuel pumgrgiet al., 1995).

DemonstrationA hands-on approach to instructional techniquegiesi to engaged the body in

learning and target the tactile/kinesthetic selikeswin & Jones, 1990).
Lecture: “An efficient means of communicating laagaounts of information to many people in
a short period of time” (Broadwell, 1980 p.xi).

Lecture and demonstration combined: Lecture andodstration are clearly defined; this is a

method of incorporating both styles of teaching iobe lecture.

Experiential learning: Experiential learning iseaining theory that is composed of four tenets:

learning through real-life contexts (Dewey, 1938arning by doing (Knapp, cited in
Lever, 1952), learning through projects and leagriimough solving problems (Lancelot,
1944).

Learning style: Learning styles is best defined asttern by which one absorbs knowledge and

processes information in educational situations(igill, 2009).



Learning: Learning is a process that can changawehor knowledge towards situations
through experience (Woolfolk, 2010).

Passive Learning: Passive learning is listeningraotdioing; although listening is technically

doing something, other senses are not doing argjtthie body is not moving and the
mind is not stimulated by activity (Bonwell, 2000).

Tinkering: The act of manipulating, disassemblingssembling, constructing, modifying, or
repairing devices or components of objects (Baké&r&use, 2007).

Self-Efficacy: Self-efficacy is most easily definad one’s evaluation of their personal ability to

successfully complete or execute a given coursetidn (Bandura, 1977).



CHAPTER 2
THEORETICAL FRAMEWORK

Introduction

For years, educational theorists and philosophave been trying to identify exactly
what learning is and how it occurs. Learning macess that can change behavior or knowledge
towards situations through experience (Woolfolkl@0 But there are many factors that
influence situations or experiences. These factot®nly affect how much is learned but also
the premise under which learning is occurring. sfha help further analyze for understanding,
learning may be categorized as active or passwe Glaserfeld, 1989).
Education Theory

“Surprisingly, educators’ use of the term actigarhing has relied more on intuitive
understanding than a common definition” (Bonwell91, pg. 28). As a result, many ascertain
that learning is inherently active because theesitdl listening is considered active involvement.
Bonwell (1991) postulated that active learningnsdally defined as the act of learning by being
engaged in projects, discussion, and activitieckbktimulate the mind and involves student
senses beyond the auditory sense. This would agte&Voolfolk’s (2010) definition of
learning, as previously stated, because it suggfestdistening is an active experience and any
experience leads to learning.

Dewey’s theory, however, suggests that an expegiengst be a physical action which
engages your kinesthetic senses and accordingnt&laserfeld (1989), knowledge is not gained
passively but by doing. Chickering and Gamson {)28so suggest that, for student learning to

occur, the student must be actively involved beyostlistening. Activities that might be



included are reading, writing, discussion, or belaed in solving problems (Chickering and
Gamson, 1987).

John Dewey, a proponent of experiential learnimgppsed the idea that the most
effective means of learning about a topic is toegigmce it (Dewey, 1916). The nature of an
experience is trying or acting: when we partakanrexperience, an act is occurring (Dewey
1916). According to this philosophy, there is notagtion involved in listening (von Glaserfeld,
1989). Dewey (1916) stated that learning is singptgsult of the understanding of the
consequences to an action taken by the learneevéiy action there is a reaction, or
consequence, and if the learner understands thisection, learning has taken place (Dewey,
1916). Dewey’s theory is known as experientiatieay; learning by doing (Dewey 1916;
Roberts & Harlin, 2007).

Although listening may be categorized as activenieg due to the nature of what is
occurring, listening is considered a passive fofdearning because the other senses
(kinesthetic, tactile, and visual) are not engagieel:body is not moving and the mind is not
stimulated by activity (von Glaserfeld, 1989). Tdrdy stimulation is derived through the
auditory sense. Students are not considered émfp@ged when passive learning is taking place
(von Glaserfeld, 1989). Even though the student bgaengaged in what a teacher is saying, it
is not considered a form of active learning (Boiyw2000). The act of doing creates active
learning which engages the student beyond the@ydiense. Passive learning is just the
opposite; listening and not doing (Bonwell, 2000).

To further analyze learning and the effect différgtyles have on learning, researchers

and theorists continue to examine learning. Rebkeas (Bonwell, 2000; Roberts & Harlin,



2007; von Glaserfeld, 1989) established that thesedifferent ways of learning: broadly said,
there is passive learning and active learning. gurestion still remains, which is better.

The Zone of Proximal Development (ZPD) is a theshych helps break down learning
into levels of understanding. The ZPD is a gapvbeh levels of knowledge. One must achieve
a proposed level of knowledge before advancingémext (Vygotsky, 1978). Based on the
ZPD, Lev Vygotsky (1978) proposed a theory in whsdleial interaction plays a fundamental
role in the development of cognition. Vygotskyibeéd that knowledge was influenced by
one’s social community and that greater knowledge attained with the assistance of a more
knowledgeable other (Vygotsky, 1978). Therefotaegdents may attain knowledge, but the
potential to gain more knowledge is dependent erteacher: the gap of knowledge is referred
to as the ZPD. The teacher must understand ZRPatomize learning at the greatest cognitive
level possible, but may not exceed that particktenwledge level (Vygotsky, 1978). To reach
higher levels of cognition, one must be influenbgda more knowledgeable other; and through
said interaction, a higher level of learning magwdVygotsky, 1978). Vygotsky’s theory
postulates that learning will occur, but it willag at a higher level if the environment
influences that learning.

Jean Piaget offers a social learning theory wigarery congruent with Vygotsky’s
theories. Piaget’s theory stated that there amgyrddferent levels of knowledge, and one level
must be reached before the following may beging@ial970). This is very similar to
Vygotsky's idea of the ZPD because the thesis psititat a learner may not be stretched
beyond a point of knowledge they have not obtairfeidget’s theory also parallels with
Dewey'’s theory of experiential learning. Piagdidwed that learning occurs as a result of

interactions with the environment surrounding #rher (Piaget, 1970). Although stated
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somewhat different, this ‘cause-and-effect’ leagnoutcome is the same as Dewey stating that
learning is a result of the experiences had byaamer.
Cognitive Devel opment

The philosophies of Piaget, Dewey, and Vygotskyadireorms of active learning.

Active learning that involves physical movementlt# person or direct engagement which
stimulates the mind beyond listening. Howeverpaditig to von Glaserfeld (1989) and as
previously illustrated, there are two means ofrlesy; active and passive. Therefore, these
philosophies guide this research to examine tHerdifices in passive and active learning. One
of the main objectives of this research is to gbtita which might help to answer this question.
However, there are different levels at which leagnbccurs and these different levels require
higher or lower levels of thinking (Bloom, Engelhdfurst, Hill, & Krathwohl, 1956).

Bloom et al. (1956) developed a hierarchy of tmgkwhich was known as Bloom’s
Taxonomy. This consisted of, in order from lowhigh, (1) knowledge, (2) comprehension, (3)
application, (4) analysis, (5) synthesis, and {(@l@ation. Each step builds upon the previous
step and learners must reach one level of thinkefgre they may proceed to higher levels. Our
cognitive processes are always working, and w@areessing at every level, every day (Ewing
& Whittington, 2007). Ewing and Whittington (200@¢rformed a study that confirms the
theory in Bloom’s taxonomy. Data supported theaitteat students must incorporate knowledge,
comprehension, and application before they careaehiigher levels of cognitive development
(Bloom et al., 1956; Ewing & Whittington, 2007).Ithough information may be processed at a
high level, low level cognitive process(es) ar# gtidergoing.

Recently, another theory has developed which bigsgallels Bloom’s Taxonomy. Itis

known as Webb’s Depth of Knowledge (DOK). DOK igwade by which student understanding

11



can be measured (Webb, 2009). Bloom’s Taxonomgeglatudents at higher cognitive levels
once the learner has achieved the current levlimking because it indicates an accomplished
understanding at a particular level (Bloom etE#56). Webb’s DOK is similar to Bloom’s
Taxonomy; in the process of learning, some levelraferstanding has taken place, and the
greater the understanding, the greater the DOKbBAfiges to categorize this understanding with
how deeply a student understands a topic (Webl®)20@arconi, Smith, and Lombardi, (2009)
report the incorporation of the ZPD into all of ttate testing requirements for the state of
Nevada for the testing year of 2010. This indisdhe use of the DOK as a progressive theory
that is being implemented in curriculum.

The main differences in the two theories are seitsmand succinctness. To describe
progress in cognitive processing, Bloom uses siks/é represent or classify the level of
cognitive achievement a student has met. Themsygtebb utilizes is also taxonomical.
However, there are numerical levels to describes @ohievement. Those levels are then
described with descriptive verbs to helps iderttiy qualities of a given level. “The DOK level
describes the kind of thinking involved in the ta@arconi, et al., 2009 p.3). Higher DOK
levels require greater conceptual understandinglamihigher cognitive processing by the
students (Marconi et al., 2009; Webb, 2009).

There are four different depths or levels studerdy achieve through Webb’s DOK
(Marconi, et al., 2009; Webb, 2009. The first lefome) involves recall and recitation where
responses are, or should be automatic (Webb, 2008).second level (two) “requires students
to engage in mental processing and reasoning bdyalitual response” (Marconi et al., 2009
p.3). The second level requires a student to @gbra problem and make interpretations from

given concepts. Level three begins into highemdog processing (Marconi et al., 2009).

12



Level three requires that students can create gsioclis and provide evidence and reasoning to
support those conclusions (Marconi et al., 2009bly2009). Students at level four may
complete tasks which demonstrate reasoning, plgnaimd developing within and beyond a
content area (Marconi et al., 2009; Webb, 2008)cdncurrence with Bloom’s Taxonomy, when
a student reaches the next higher level in the D& previous levels are still undergoing and

necessary for the achievement of the current i@Velbb, 2009).

DOK Level Titleof Level
1 Recall and Reproduction
2 Skills and Concepts
3 Short-term Strategic Thinking
4 Extended Thinking

Figure 1: Adaption of Webb’s Depth of Knowledge (Webb, 2p0

This research aimed at discovering differenceswels of cognitive development based
on different learning styles. To accomplish measwent of cognitive levels, two styles of
guestions must be asked. To satisfy this resetirele are two types of questions; recitation and
construction. Recitation questions only requitelents to recall information (Marzano, 1993).
Recitation questions would only satisfy a lowerdleaf the cognitive order according to the
theories of both Bloom and Webb. Construction tjaes require students to make connections
based on previous knowledge to create new knowl@dgezano, 1993).
Learning Syles

Because this study sought to determine how studghtiearn (better or worse) at

different levels of cognitive processing as a restiactive or passive learning influenced by

13



teaching methods, cognitive development plays gomant role. If students are only able to
recall information, but are unable to make conmedtito real world situations, that knowledge
becomes useless. “The focus of learning shouldb@®o much the learning of a certain body of
information. It should rather be the learningmdbrmation in relation to its’ application of

major scientific problems” (Curry, Wilson, Flowe&s Farin, 2012 p. 65). The idea presented is
not just to give students the knowledge but giwarttihe ability to synthesize, analyze, and
evaluate their knowledge in an effort to extendliting towards situations outside of the
classroom. Therefore, it is imperative for reskars to find the impact of cognitive processing
when evaluating the differences between activepasdive learning.

To achieve higher cognitive gains, educators asegavith a difficult challenge. There
are a number of social and environmental issuésk®into account when trying to engage
students, and learning styles are among the mgsirtant (Tannahill 2009). Learning styles
include auditory, tactile/kinesthetic, and visudbgigsfeld & Dunn, 2010). Visual learners are
those whom understand what they see and proceagtha visual memory (Tannahill, 2009).
Auditory learners tend to retain information thradgstening and/or discussing (Tannahill,
2009). Itis suggested by Restake (1979) that migbtschool students are not auditory listeners
and only 70 percent of what they hear may be rethirMost high school students are
kinesthetic or tactile learners because their awggkills are not fully developed (Honigsfeld &
Dunn, 2010; Restake, 1979). Tactile learners neagrbne to falling behind in classrooms
where traditional lecture, discussion, or readisgignments are favored (Honigsfeld & Dunn,
2010). Said type of classroom setting would, indéavor an auditory learner. Some
characteristics of the auditory learner, makingrthmore favorable when recalling something

heard, is that they have the tendency and abdifp¢us on inflection, tone, speed, volume, and
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pitch of the presenter’s voice (Tannahill, 2009actile learners struggle when trying to recall
spoken information because they have a need to teatheir feet and involve their bodies to
make concrete associations with the content (RelgeHarlin, 2007; Honigsfeld & Dunn,
2010).

There have been multiple researchers to suggdadetraing styles influence one’s
knowledge acquisition in regard to teaching appno&@ne example; Roberts (2007) found that
presenting students who prefer tactual/kinesthme@thods of delivery perform better when they
receive a hands-on approach to teaching. Addifignaports favored higher scores on
achievement tests when kinesthetic students waghtavith the problem-solving approach
(Dyer & Osborne, 1996). The problem-solving metieod teaching approach which would
favor a kinesthetic learner because there is mioeetdnteraction with the content (Dyer &
Osborne, 1996). Yet another study compared legstyles with teaching method from
Marrison and Frick (1994). Results indicate ‘fieleppendent’ learners acquired more knowledge
than ‘dependent’ learners when presented with thkkimmedia approach (text, still pictures, and
graphics) as opposed to lecture. Studies indibattehigher levels of achievement when students
receive a preferred method of teaching. The predemethod of teaching correlates to their
learning style (Dyer & Osborne, 1996; Marrison &dkr 1994; Roberts, 2006).

Learning Efficacy

Self-efficacy is most easily defined as one’s eaiin of their personal ability to
successfully complete or execute a given coursetidn (Bandura, 1977). Further, it is the
experience, competence, and comfort one has inael® a task (Baker & Krause, 2007). Self-
efficacy is a multifaceted entity which maintainamy domains (Zimmerman, 2000).

Subsequently, to evaluate one’s self-efficacy, mnst first identify which domain of self-
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efficacy to evaluate. For example, in a drivedsi@ation course, one may measure driving self-
efficacy to find a student’s perception of how wky think they can drive.

In recognition of the postulate by Zimmerman (20@0¢ domain of self-efficacy, in this
research deals with tinkering. Tinkering can lvery beneficial tool that may be used in
education (Rowe, 1978). Tinkering is best desdriaethe act of manipulating, disassembling
or assembling, constructing, modifying, or repardevices or components of objects (Baker &
Krause, 2007). With the understanding of the digdim of tinkering and the definition of self-
efficacy, one may easily make the connection tketimg self-efficacy: one’s self-perception of
the ability to engage in tasks involving hands-oocpdures.

Research by Baker and Krause (2007) suggest tHasn®nd to have a stronger
perception in tinkering self-efficacy; females geally lack experience with procedural
mechanics. Sallee (2012) further found that miades the tendency to perceive themselves
high in their tinkering self-efficacy. Sallee (Z)lalso tested for a correlation between method
used and tinkering self-efficacy and found thasthwho perceived themselves high, also
preferred the demonstration method of instructidhere is also a strong positive correlation
between student posttest scores and tinkeringeffeticy when they are instructed via
demonstration (Sallee, 2012). According to thelltesthose who perceive themselves as
tinkerers may learn material better from a handsdemonstration-type approach to teaching
methods. However, in a similar study, cognitiveiagement was not significantly affected by
tinkering self-efficacy (Koch, 2010). The reseaislkonflicting because one measured for a
correlation, while the other measured for significdifferences. Koch (2010) did not test for a

correlation. He found no effect; therefore it amsed there was no correlation. However, both
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findings are noteworthy and provide reason fortfertesting of the effects of tinkering self-

efficacy on knowledge acquisition in different ingttional settings.

Instructional Techniques

Education is a very progressive body that strieasiprove from year to year. Although
relatively new, Webb’s theory is already being ipmyated into school systems. The education
board for the state of Nevada has incorporated VEdbOK into their state testing (as of 2010)
because “it provides a better depth and breadiéaohing, and better helps meet the
requirements of academic rigor required by No Chéét Behind” (Hanlon, 2009). The
National Research Agenda (2007-2010) posed thdigng$How does student participation in
agricultural education contribute to student ackieent and performance?” These mandates
show the progressivism, not only in general edocatbut in agricultural education as well.

When selecting a teaching method, it is importaninderstand that factors are
constantly changing and one must adjust for thbaages; those factors are content, learning
style, educational theories, and cultural backgdsuiiHosseini et al., 2009). To teach using only
one method would not be targeting different facaw$abeled by Hosseini et al. (2009). It
would also be isolating different learning styles.(lecture isolates auditory learners but does
not target visual learning). Rosenshine and K&t 1) claim that possessing variability is one
of the essential characteristics of effective teash A good teacher should be able to deliver
multiple approaches to instruction. Thereforepgeszing different learning styles is a key role
of both instructors and researchers. It is impurta recognize previous research indicating
student preference to teaching method and theendle it has on learning (Roberts, 2006).

Understanding the different learning styles of undlial students is critical because the best
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learning occurs when performance is achieved vasiistance (Tharp & Gallimore, 1991;
Woolfolk, 2010). Teachers are not merely bankksnaiwledge, they are a more intelligent other
guiding students towards conclusions (Woolfolk, @01Knowing the students’ learning style is
a necessary step in guiding their learning. Teaefiectiveness is a major role and influence on
students’ academic success because teachers asa srhool conditions to foster excellence,
school leadership, and culture continuous improveri@SDOE, 2012).

The purpose of teaching is to instill a desirestarh in students (Rogers & Freiberg,
1994). Important learning by the student occursugh social interaction with a skillful teacher
(Vygotsky, 1978). Learning occurs as a resultroégperience had by the learner (Dewey,
1936). The teacher plays a critical role in effi@ting student learning by directing the
experiences of the learner(s). If Vygotsky’s ar@lM@y’s postulates are accepted and the
mandate from the National Research Agenda is todteresearch regarding teaching method is
extremely important to achieve the highest levgdeformance. The research should target
which teaching method is most appropriate for emgastudents to most effectively influence
knowledge.

As proposed through the research, there are two faans in which teaching occurs
(actively and passively), but teaching methodshatdimited to only two forms. In agricultural
education, there are numerous methods includirtgrecdemonstration, PowerPoint, guided
discussion, guided inquiries, small group projeets, Each method of teaching, by nature, is
either a passive form or an active form (von Glizsey 1989).

Active learning is broadly defined as the act afrfeng by being engaged in projects,
discussions, and activities which stimulate thedrand involves the student on a higher level

than simply listening (Bonwell, 2000). The actdoing creates active learning which engages
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the student beyond the auditory sense. Passik@ngds just the opposite; listening and not
doing (Bonwell, 2000). Although listening is teatadly doing something; in the sense of active
versus passive learning, listening is considerpdssive form of learning because the other
senses are not doing anything, the body is not mgoand the mind is not stimulated by activity.
The only stimulation is derived through the auditeense. Students are not considered to be
engaged when passive learning is taking place (PeW#l6; von Glaserfeld, 1989). Although
the student may be engaged (interested) in whedicher may be saying, it is not considered a
form of being actively engaged (Bonwell, 2000).r Egample, a PowerPoint presentation is a
visual display of words and pictures, usually acpamed with a lecture. The students, perhaps
engaged, are not taking an action in their learniggen though learning is probably occurring
through the auditory and, perhaps, visual sensefRowerPoint™ presentation was a passive
teaching method.

Lecture Method

As evident from the literature, there are manfedént methods of delivering
information. One method of focus is the lecturdhmd; a very commonly used method.
Lecture has been implicated for many years andésab the oldest forms of transmitting
information from one to another (Broadwell, 1980\alley, & McCraw, 1999; Waldron &
Moore, 1991). History shows (as far back as tH#0X) lecture was the original method of
delivery (Broadwell, 1980). Generally, one perbad the knowledge and the lecture-method
was the preferred way to pass on the informatiang8well, 1980).

Lecture is a “means of transmitting cognitive artéeal data from a teacher to a group of
learners (students)” (Broadwell, 1980, pg 3). Leetis considered the best means of teaching

because teachers have a lot to teach and studer@stot to learn and it conveys a lot of
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information in a short period of time (Bligh, 20@xo00kfield, 1997;). It consists of a teacher
standing in front of a group of students dissenmggffacts while students listen and [perhaps]
take notes (O’Malley & McCraw, 1999). Lecture daconsidered a more efficient method
because less time may be spent explaining des@ipéms and more time on difficult concepts
(Broadwell, 1980; Vaughan, 2009). For this reaseachers often prefer this method because an
instructor can deliver a lot of information in aoshperiod of time.

In a study by Hosseini, Dastani, Akbari, Baradakdwsseini, and Moonaghi (2009),
results found that students retain a significanbam of knowledge from a lecture-type lesson,;
especially those whom prefer the lecture methoticaDrse the lecture benefits auditory learners
because it involves listening (Tannahill, 2009 iAportant note is the students which perceive
lecture positively, also respond well to receivihg lecture. This is important because the
perceptions of students may be an indicator aseartethod of teaching to be selected.

Demonstration Method

One way active learning is achieved in agricultedlication is through experiential
learning, as posited by Dewey (1938) and Vygotdl®78). The purpose of agricultural
education is to provide the agricultural workfovegh skilled, successful, and agriculturally
literate workers (Roberts & Ball, 2009). Experiahtearning is a foundation of secondary
agricultural education and provides students thgodpnity to be more engaged in their learning
by giving students concrete experiences, whicteasential to learning (Dewey, 1916). If
Dewey’s experiential learning theory and Vygotsksteial learning theory are accepted, then
giving students hands-on demonstrations is a gvagtto give students the skillsets necessary to

acquire knowledge.
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Korwin and Jones (1990) performed a study to firedffects of hands-on instruction on
cognitive knowledge and retention. The findingsuteed in statistically significant gains of
knowledge. However, they also proposed a calfifdher research with hands-on instruction to
strengthen the platform that states ‘there is hdrnigbility for students to learn using the hands-
on method for teaching’ (Korwin & Jones, 1990, p. 3

Literature indicates a strong difference betweannimg through activity and learning
without activity (Korwin & Jones, 1990). Demongioa is a way by which to actively learn
something; and active learning can be definedlaaraing technique in which a student does
more than just listen to a lecture (McKinney, 201)has become a style that helps students to
better understand basic concepts (Elmoselhi, KlengeBavage, 2010). Korwin and Jones
further supported this stating, “Organized psychtumparticipation enhances learning and is
effective in learning for applicable concepts (19908).” Not only would it enhance the ability
to retain knowledge, it also aids in the procesapgfication.

By getting students more involved in what theyheatudents may be better equipped
for more difficult concepts in related tasks (Elmlbs et al., 2010). With regard to learning
style, demonstration is more favorable to the aeind kinesthetic learners because it involves
more movement and learning with their hands (Tain2009). “The best strategy for
engaging tactile and kinesthetic learners is tagagheir hands and bodies with manipulative
instructional resources allowing them to learnlogirtfeet” (Honigsfeld & Dunn, 2010 p. 221).
By providing hands-on projects and demonstratitndents can better understand basic
concepts (Elmoselhi, 2010).

Lecture and Demonstration
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Numerous studies (Elmoselhi, et al., 2010; Homilgis& Dunn, 2010; Korwin & Jones,
1990; McKinney, 2011) point to greater gains in\kiexlge through demonstration. There is,
however, reciprocal research determining that destnation or active learning is not the
correlative variable for achieving higher cognityans (Bligh, 2000; Broadwell, 1980; Curry,
et al., 2012; Hosseini, et al., 2009, Yadar, Sha&evieckl, 2010). For example, Curry et. al.,
(2012) performed a study on experiential learnimgcv resulted in no significant difference
against the lecture method. Yadar, Shaver, and MEtk10) also found no significant
differences between methods when using lecturecase studies. Although case studies differ
from demonstration, the essence of active learsipgesent which posits that there may be little
to no significant difference between demonstraéiod lecture. However, in nearly every study,
due to limitations of sample size of the populatibmvas suggested to conduct further research
to strengthen the conclusion. The same was statedsearch that found significant differences
with the demonstration method.

As progression into the Ztentury occurs and development of technology tapid
increases, lecture has become a method that igimaded with many other methods of
teachings (O’'Malley & McCraw, 1999). Recalling tleglucation is a very progressive system,
as evident by new mandates, especially from theNatResearch Agenda in 2007-2010, there
is a need to research new methods. Based on peelMerature, there is also a need to select a
variety of teaching methods to successfully edusatdents. Rosenshine and Furst (1971)
postulated that including variety to one’s teachimakes him/her more effective. According to
their statement, combining lecture and demonstras@ way to be more variable with delivery.

Because there are a number of differences witlpiopalation of students, it is necessary

to teach towards those different learning stylethag are separated by different factors of
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learning (Hosseini et al., 2009). Research by Qiéyaand McCraw (1999) state that students’
engagement in discussion and students partakitigeimteraction within a classroom is
important; and being able to contribute in cladseaseficial to their learning. This indicated that
participation in a lecture through discussion ipamant, as well as interaction through
demonstrations.

Summary

It is understood that learning is the result of ething occurring to an individual; cause
and effect. The theories are in support of ‘exg@e’ to be the driving force behind the cause.
The research lacks to provide the evidence thatddead teachers in the proper direction to
impact the effect the most. Since learning iswseand effect action, and there are many
different causes to the effect, this research dedrto find the best method of instruction to
influence learning and have the most impact on tstdeding.

Review of the literature indicates, teaching meth@®monstration and lecture) were
adequate to enable students to retain informaonwin & Jones, 1990). The research was not
conclusive as to which method was superior. Theadso a gap in the literature which examines
the effects of learning when combining methodseewsly lecture and demonstration. These
two have been compared, but not combined. Thaydtuther explored the relationship

between methods as well as the combined teachitigopshen knowledge acquisition.
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CHAPTER 3
METHODS
Statement of the Problem

The impact of teaching methodologies towards dognachievement is a concern of
education professionals. Furthermore, there waskaof evidence within the literature that
concludes strong comparisons of different teachiethods; lecture, demonstration, and a
combination of lecture and demonstration. Thersftis research was guided by a need for
comparing teaching methods and their effect on itiwgrachievement.

With many different teaching strategies availabléstructors, one is left questioning
the most effective method. Resulting from a nefe@aching method comparisons, the purpose
of this study was to determine the most appropnatehod of teaching to achieve high levels of
cognition. High and low level cognition were vdnies of study based on three selected teaching
methods: lecture only, demonstration only, andulecand demonstration combined. This study
further sought to determine student perceptiortsathing method used as well as the influence
of tinkering self-efficacy towards preference ofthals of instruction.

Purpose

The purpose of this study was to determine if thves a differencep(< .05) in methods
of instruction; including lecture, demonstrationgdaa combination of lecture and demonstration.
In addition, the study determined if there werdedénces in cognitive gains (high or low)
between the different methods of instruction.

Resear ch Question
Therefore, this study was guided by the basic quegiertaining to what is the

effectiveness on knowledge acquisition in regardigh and low level cognitive achievement
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when teaching biofuels using lecture, demonstraton lecture and demonstration combined
among students in Northwest Arkansas enrolledgh Bchool agriculture classes?
Limitations
Limitations to this study are recognized as fobown consideration that the study was
conducted in Northwest Arkansas it may be infethed students in different areas may return
different results; therefore, generalizations mat/be made. Also, there was not an opportunity
for randomization within the groups because thestlaoms were already set by the school.
Randomization of treatments, however, did occtushbould be further noted that the selection of
the material presented (biofuels) was chosen tovathe differentiated methods to be analyzed
without historical knowledge being present in gaptnts: biofuels education does not exist in
the education curriculum (Arkansas Frameworks, 20B2it it is recognized that participants
might have previous knowledge and therefore linutet to the findings could be present.
Objectives
The following objectives guided this research:
1. Determine the effectiveness of different teachireghmads and their effect on
knowledge acquisition.
2. Determine high level cognitive development wheated with different
instructional techniques.
3. Determine the perceptions of student preferencarnwstructional
techniques.
4. Determine the influence of tinkering self-efficamithin students and how

that influences their perceptions of instructioieghnique.
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Hypotheses
This research sought to answer the following hypstis:

Hos: There will be no significani(< .05) difference between instructional techniqoles
students’ level of knowledge acquisition.

Hoy: There will be no significani(< .05) difference between instructional techniqoes
students’ cognitive achievement.

Hos: There will be no significant relationship betwestndent perceptions of
instructional technique and knowledge acquisition.

Ho4: There will be no significant relationship betwegrkering self-efficacy and
preferred instructional technique.

Hos: There will be no significant relationship betwegrkering self-efficacy and
knowledge acquisition.

Alternative Hypotheses

Ha;: There will be no significanip(< .05) difference between instructional techniqoes
students’ level of knowledge acquisition.

Ha: There will be no significanip(< .05) difference between instructional techniqoes
students’ cognitive achievement.

Has: There will be no significant relationship betwestndent perceptions of instructional
technique and knowledge acquisition.

Hay: There will be no significant relationship betwearkering self-efficacy and
preferred instructional technique.

Has: There will be no significant relationship betweatkering self-efficacy and

knowledge acquisition.
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Design

Following the suggested design by Campbell andI&¢g1996), this study is a pre-
experimental design. This study incorporates @ éxperimental pretest-posttest design (#2)
(Campbell, & Stanley, 1996). Based on relatedaesein this field and the literature, an alpha
level was sea priori at .05. Although the researcher recognizes timatreating completely the
possibility of a type | or type Il error is not @aisle with this alpha level, the alpha level helped
prevent the avoidance of a type | or type Il error.

Three-group Pretest-Posttest Design

o)) X1 O,
o)) X O,
o)) X3 O,

Figure 1. True-experimental, Three-group Pretest-PosttesgDé€ampbell, & Stanley, 1996)
Validity

There are seven threats to internal validity: (&)dry, (2) maturation, (3) testing, (4)
instrumentation, (5) regression, (6) mortality, dAfselection (Campbell, & Stanley, 1996).
Due to the nature of a pretest-posttest designntbe&g common and most specific threats to
internal validity are history, maturation, testimgd instrumentation (Campbell, & Stanley,
1996). The threats of history and maturation wesenificant due to the length of the study.
Data was collected in a two day period, thus matumralid not occur. Testing is a threat of the
possibility of a pretest presenting knowledge whaahuld influence a subject throughout the

treatment and posttest. This threat is not acealfur; however, everyone received the pretest.
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Any threat of testing remained consistent and veasrolled. The instrument was tested for
internal validity and reliability.

There are four threats to external validity: (ifehaction of testing and treatment, (2)
interaction of selection and treatment, (3) re&ctwangements, and (4) multiple-treatment
interference (Campbell, & Stanley, 1996). The tiu@ats to external validity, when using the
one-group pretest-posttest design are numbersrahena: reactive effects of selection bias and
interactive effects of selection bias. The fitseat was controlled by administering a pretest and
posttest in which questions were rearranged arwk@lan different orders. The second threat is
controlled due to random selecting of intact clastiee classes selected were randomized. True
randomization could not occur because the classes already intact, and selecting students to
participate could not occur either for the samasaea The study took randomized samples of
the accessible population which minimized the pidéfor this threat.

Population and Sampling

The target population for this study was all heghool agriculture science classes in
Northwest Arkansas. The accessible populationallagudents enrolled in those high school
agriculture science classes in the spring semes&#011. Since not all students could be
accessed due to limitations of the researchempleawas drawn. The sample included 27
intact classes from various schools throughout INegst Arkansas. There were five schools
contacted which agreed to participate in the studlyotal of 27 classes were sampled; there
were nine classes per treatmewt333). The schools were selected randomly upoeeagent
from the teacher to participate in the study. fésearcher obtained permission from the
students to allow data to be collected. Subjeatsided both genders and any age of high school

students between the grades of 9-12.
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Procedures

Lesson Content

A 50 minute class period was utilized to delivex tesson. 40 minutes were allowed for
the content portion of the instruction and theniutes were allotted for the post-test. The
content of the lesson was basic bio-diesel prodoand performance. The lesson started with
an introduction explaining what bio-diesel is amivht is made. The instruction continued
about what it is used for and what quality standa required of the bio-diesel. Then, the
researcher informed students of the environmeffiatts of bio-diesel (emissions), and finally
how it performs in engines (horsepower, torque, faeticonsumption,). The lesson plans for all
three treatments are attached as appendices yamant three).
Variables

The major variable of the study was knowledge @iton as influenced by the
treatment. The three levels of the variable oflgtwere teaching with lecture only (appendix
one), teaching with demonstration only (appendia@)ivand teaching with a combination of
lecture and demonstration (appendix three). Céalested 50 minutes. The length of time in
which instruction occurred was 40 minutes for &kses. There was a pre-test given on the
previous day of the treatment which lasted 10 nasutThe following day, the treatment was
administered for exactly 40 minutes. Each classived one of the three treatments. Following
the treatment, a post-test was administered. @uests received the same allotted time of no
more than 10 minutes to complete the post-test olfjectives covered in all treatments were
identical in content and only varied in method ehvkry. Data was collected from 27 classes,

nine classes per variable.
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The first variable was a lesson via lecture onlie lecture lesson was simply a
dissemination of facts; there was not a PowerRwintiscussion of any kind. The second
variable tested was a demonstration only. Subjgets gathered around the demonstration
device, allowing them to see what was being taugghit was being taught. Led by the
researcher, they collected data and were allowedjtest the demonstration device so they could
understand how the system worked and how to operalde third variable was a combination
of lecture and demonstration. The instruction begahe class with a brief lecture which
included a PowerPoint slide show, and then subgattsered around the demonstration device
as instruction continued. Again, data regardiregsysstem was collected so subjects could
visually see and understand similarities or cotgrastween the fuels. Material was presented to
the subjects as the device was being used in erttodstration and the combination treatments.
Following each lesson, the students would be adiered a post-test at the same time on the
following day.

I nstrument

The instrument used was a modification of a previmstrument used for a similar study.
The original instrument was developed by Salled(2@&nd had 20- knowledge based questions,
eight, 1-5 Lickert-type questions on biodiesel pet®mn, and eight, 1-5 Lickert-type questions
on tinkering self-efficacy, and seven questionsudlde@mographics.

The newly developed instrument sought to ask kedgé questions that targeted levels
of cognitive thinking. The instrument developedsisted of 16 multiple choice questions, eight
guestions which targeted low level cognition, aightquestions which targeted high level
cognition. The perception questions were changdtat the researcher could obtain

perspectives of instructional technique preferesoghere are ten, 1-5 Lickert-type questions on
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perceptions of teaching method preference. Fiwa@perception questions are in regard to
perceptions of demonstration, five are about lecturhere are ten, 1-5 Lickert-type questions on
tinkering self-efficacy. And finally the same sevguestions on demographics. Demographics
analyzed were age, gender, classroom performaageciilture and non-agriculture) and
residence (location and farming background). Pssion was received from Sallee to use a
modified version of the instrument.

The pretest (appendix four) contained the knowdeglgestions, tinkering self-efficacy
guestions, and the demographics sections. Théepogappendix five) consisted of the same 16
guestions rearranged in a different order, andntained the methodology perception questions.

The instrument was developed from the relateddlitee to meet face validity. It was
also thoroughly reviewed by a panel of experts é@ihcontent validity. The panel offered
suggested changes and professional insight toiqonesinstruction.

Field Test

Prior to pilot testing, the researcher conductédld study. An agricultural mechanics
class at the University of Arkansas was selectdeld test the lessons. The pretest was
administered, content was presented and a postssadministered following the lesson.
Although data was collected, this was merely d tua to test for any flaws in the lesson
content. Another limitation worth noting is thatedto lengthy classes and infrequent class
meetings, the tests had to be administered inadhreslay.

Only two lessons were field tested: the lectussd® and the demonstration lesson. The
class of 26 students was split into two groupse fiitst received the lecture and the second

received the demonstration.
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Pilot Test

A pilot test was conducted using three differetéct classrooms from Siloam Springs, a
high school in NWA. There were 60 subjects inltofhe treatments were presented as
followed by the procedure. After receiving pernoss the subjects were given a pretest on the
first day. The second day, students receivedadsoh/instruction and a posttest immediately
followed.
Instrument Reliability

The two components of instrument reliability arabdity and internally consistency.
The field test and pilot test both served as méantesting stability and internal consistency.
The Cronbach’s Alpha statistic was measured talestonsistency of subjects’ answers for
similar questions. The pretest resulted in a Cachls Alpha value of .49. The posttest returned
a value of .74.

Data Analysis

Data were organized by the researcher and analyigiad SAS 9.2 for Windows
statistical package. The researcher used deserigtatistics to analyze the demographic
characteristics of the data. Inferential statssti@re used to analyze the data collected from the
instrument. The researcher used indepengtasts for the null hypotheses one and two (Spatz,
2008). Statistical power was also calculatedlierihstrument to help detect if a meaningful
different did exist if any of the hypotheses wezgcted. This should help reduce the probability
of a Type Il error (Spatz, 2008). Pearson-Profilmment correlation coefficients were
implemented for hypotheses three, four, and five

Data were collected on every treatment and eaetinrent used the same instrument.

After implementation of the instrument, data wademband entered into Microsoft Excel, 2010

32



spreadsheet for statistical analysis. Data wdeated in the spring semester of 2011. Subjects’
data that did not contain both parts of the insentr{pre-test and/or post-test) or missed part of

the treatment were discarded and removed fromttluy s
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CHAPTER IV
FINDINGS

Introduction

It has been seen that understanding of how leguaticurs and learning styles can impact
instructional techniques that are chosen by pradeats to achieve knowledge gains (Cano &
Garton 1992; Dewey, 1938; McGregor et al., 2004 &t & Ball, 2009; Tannahill, 2009;
Tharp & Gallimore, 1991; Vygotsky, 1978). Alsoydént perception toward instructional
technique and tinkering self-efficacy has positiuence on knowledge acquisition (Baker &
Krause, 2007; Koch, 2010; Roberts, 2006; Salleg22Bimmerman, 2000). Research has also
established that teaching is progressive and netlvads of instructional delivery should be
sought to effectuate learning (Hosseini et al.. 200ational Research Agenda, 2007-2010;
O’Malley & McCraw, 1999; Rosenshine & Furst, 19Tharp & Gallimore, 1991; USDOE,
2012; Waldron & Moore, 1991). Educators are ndy ealled to effectuate knowledge
acquisition, but they are also charged with th& tdgyuiding students to think at higher
cognitive levels (Bloom, et al., 1956; Dyer & Oshey 1996; Ewing & Whittington, 2007,
Marconi, et al., 2009; Webb 2009). Therefore, ghigly is guided to aid in the process of
finding the best instructional technique to effetéuknowledge and discover their impact of
different levels of cognition. It also seeks tadfiresults on the impact of student perceptions of
instructional techniques as well as the impactniering self-efficacy.

The population accessible was all students inliheest Arkansas; and a sample size of
27 intact classeNE333) was implored. The treatments were instraetitechniques: lecture,

demonstration, and a combination of lecture andatestnation. The instrument was modified
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from previous research and pilot and field test€de study developed a true-experiment
pretest-postttest control group design (#4) frorm@lell and Stanley (1963).
Purpose
The purpose of this study was to determine if tlvgaie a differencep(< .05) in methods of
instruction; including lecture, demonstration, andombination of lecture and demonstration. Fuythe
the study determined if there were differencesignitive gains (high or low) between the different
methods of instruction. Additionally, it was sotigh determine if student perceptions of preferred
method of instruction influenced cognitive gairidnkering self-efficacy was used to identify any
achievement in higher cognitive levels of acadeswitievement.
Objectives
The following objectives guided this research:
1. Determine the effectiveness of different teachireghmads and their effect on
knowledge acquisition.
2. Determine high level cognitive development wheated with different
instructional techniques.
3. Determine the perceptions of student preferencarnwstructional
techniques.
4. Determine the influence of tinkering self-efficamithin students and how
that influences their perceptions of instructioieghnique.
Null Hypotheses
The objectives guided the research and, basedednid¢hature, the following hypotheses
were formulated:
Hos: There will be no significani(< .05) difference between instructional techniqoes

students’ level of knowledge acquisition.

35



Ho,: There will be no significanip(< .05) difference between instructional techniqoees
students’ cognitive achievement.

Hos: There will be no significant relationship betwestndent perceptions of
instructional technique and knowledge acquisition.

Ho4: There will be no significant relationship betwegrkering self-efficacy and
preferred instructional technique.

Hos: There will be no significant relationship betwegrkering self-efficacy and

knowledge acquisition.

Alternative Hypotheses

Ha;: There will be no significanip(< .05) difference between instructional techniqoes
students’ level of knowledge acquisition.

Ha: There will be no significanip(< .05) difference between instructional techniqoes
students’ cognitive achievement.

Has: There will be no significant relationship betwestndent perceptions of instructional
technique and knowledge acquisition.

Has: There will be no significant relationship betwearkering self-efficacy and
preferred instructional technique.

Has: There will be no significant relationship betweatkering self-efficacy and
knowledge acquisition.

The target population for this study was all highaol agriculture science classes in

Northwest Arkansas (NWA). Data were collected framaccessible population: all students

enrolled in NWA high school agriculture sciencesslas in the spring semester of 2011. Five

schools were contacted and agreed to participateeistudy. A total of 27 classes were
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sampled; nine classes allocated per treatnidr®33). The hypotheses were analyzed using
group meansN=27). The schools were selected randomly uporeageat from the teacher to
participate in the study. Data were analyzed uSIA§ 9.2.
Demographics

Demographics described in this study identifieldjscts’ age, grade level, gender, grades
made in school, grades made specifically in agucal classes, whether or not they live on a
farm, and if they use biodiesel. The study comdiB33 subjects which were enrolled in
agricultural science courses in NWA in the sprih@@l1. Of the original 364 subjects, 31
subjects were removed from the study because lafdaio participate due to an absence.
Therefore, a usable sample sizéNef333 was obtained for the study.

For all 27 classes in this study, 333 subjectdaseribed. Table 4-1 illustrates gender
for all subjects. The majority (66.67%) were idéed as male, and the remaining (33.33%)
were female.
Table 4-1

Participant Gender (N=333)

Gender f %
Male 222 66.67
Female 111 33.33

Total 333 100.00

Table 4-2 illustrates age for all subjed#s833). Ages ranged from 14 to 19 with very
few (n=3; 0.9%) 19 year olds. There were, in increasemnof age, 46 (13.81%) 14 year olds,
103 (30.93%) 15 year olds, 92 (27.63%) 16 year,d916.82%) 17 year olds, and 33 (9.91%)

18 year olds.
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Table 4-2

Participant Age (N=333)

Age f %
14 46 13.81
15 103 30.93
16 92 27.63
17 56 16.82
18 33 9.91
19 3 0.90

Total 333 100.00

Subject grade level was also purported (Table #\8ards demographicsl€333)
characteristics. Of participants, there were listhrgraders 39.04%, 90 tenth graders 27.03%,

70 eleventh graders 21.02%, and 43 twelfth grati21$1%.

Table 4-3

Participants Grade Level (N=333)

Grade Level f %
9 130 39.04
10 90 27.03
11 70 21.02
12 43 12.91

Total 333 100.00

There were 333 subjects who reported grades nmastghpol as well as grades in
agriculture classes (Table 4-4). Subjects repagtades for general classes with a range from

A-F on a normal 4.0 scale. Subjects also repagtades for agriculture classes with a range
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from A-F on a normal 4.0 scale. For general classeorder, grades subjects made in school
were; 69 A level (20.72%), 155 B level (46.55%),@&vel (27.93%), 15 D level (4.50%), and
1 F level (0.30%). In agriculture science classasgjents grades reported slightly higher; 172 A
level (51.65%), 121 B level (36.34%), 35 C levd.81%), 4 D level, (1.20%), and 1 F level
(0.30%)

Table 4-4

Participants Grades in General Classes and Agricultural ClassesN=333)

Grades f %
A
General 69 20.72
Agriculture 172 51.65
B
General 155 46.55
Agriculture 121 36.34
C
General 93 27.93
Agriculture 35 10.51
D
General 15 4.50
Agriculture 4 1.20
F
General 1 0.30
Agriculture 1 0.30
Total
General 333 100.00
Agriculture 333 100.00

Table 4-5 illustrates subjects who live on a fanmajority of subjects in NWA

(n=213; 63.96%) do not live on a farm. 120 subj¢8604%) reported living on a farm.
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Table 4-5

Participants Living on a Farm (N=333)

Residence f %
Farm 120 36.04
No Farm 213 63.96

Total 333 100.00

The final demographic information reported is aébiodiesel. Because only 120
subjects reported living on a farm, only 120 sutge@eported use, or not, of biodiesel (Table 4-
6). This was done to satisfy the question askégolu answered ‘yes’ to living on a farm, do
you use biodiesel?” However, the researcher razegmultiple applications of biodiesel
beyond agriculture/farm use (Sallee, 2010). A \‘arge majority, 89.17%, of subjects living on
farms reported no use of biodieset{07). There were 13 subjects (10.83%) who redorés

to the use of biodiesel.

Table 4-6

Participants Who Use Biodiesel (N=120)

Biodiesel Use f %
Use 13 10.83
No Use 107 89.17

Total 120 100.00

Demographics by Treatments

For all 27 classes in this study, 333 subjectglaseribed across three treatments of
lecture, demonstration, and combination. The ifledtdemographics by treatment are the same
as previously listed. For demographics data wasaeld numerically. Gender was coded for

male (1) and female (2). Grade level was codeddnd being a freshman and four a senior.
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Grades were coded 1-5, one representing an A aaddpresenting F. Farm living and
biodiesel use were both yes and no question intwygs=1 and no=2.

Table 4-7 illustrates the mean demographics fojestbwho received the lecture
treatment. Subjects who received the first treatrhad a mean age of 15.85, and were mainly
male M=1.36). Other demographics include grade leMstZ.12), grades in schodE2.23),
grades in agriculturedM=1.74), living on a farmNl=1.62), biodiesel usé=1.93).

Table 4-7

Demographics by treatment: Lecture (N=117)

Treatment Demographics M D
Age 15.85 1.20
Gender 1.36 48
Grade Level 2.12 1.11
Grades in Regular Class 2.23 .82
Grades in Agriculture 1.74 .82
Farm Living 1.62 49
Use of Biodiesel 1.93 31

Table 4-8 illustrates the mean demographics fojestdwho received the demonstration
treatment. Subjects who received the first treatrhad a mean age of 15.89, and were mainly
male M=1.30). Most subjects for this treatment were sopbres ¥1=2.12), with grades in
school M=1.99), grades in agricultur&€1.50), living on a farmNl=1.73), biodiesel use

(M=1.95).
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Table 4-8

Demographics by treatment: Demonstration (N=111)

Treatment Demographics M D
Age 15.98 1.27
Gender 1.30 0.46
Grade Level 2.12 1.09
Grades in Regular Class 1.99 0.76
Grades in Agriculture 1.50 0.63
Farm Living 1.73 0.45
Use of Biodiesel 1.95 0.25

The combination group (Table 4-9) were also maméte (M=1.34) and an average age
of 15.58. Subjects who received the first treatmegre mainly sophomores (M=1.99). Their
grades in school averaged a B grade?.3) and grades in agricultuigl€1.50). Most subjects

did not live on farmsNI=1.73), and few answered no (2) to the use of bgrliM=1.95).

Table 4-9

Demographics by treatment: Combination (N=105)

Treatment Demographics M D
Age 15.58 1.14
Gender 1.34 0.48
Grade Level 1.99 0.97
Grades in Regular Class 2.30 0.84
Grades in Agriculture 1.63 0.75
Farm Living 1.57 0.50
Biodiesel Use 1.94 0.23
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Null Hypothesis One

Null hypothesis one stated that there will be mmigicant difference between
instructional techniques on students’ level of kiexlge acquisition. Table 4-10 shows the
results of instructional techniques on knowledgguésition on gain scores. Tlevalue (2)
=0.68,p=.52 resulted no significant difference betweeruggwhen measuring gain scores
based on instructional technique. Treatmentstesuh no difference of gain score from pretest

to posttest; therefore, the null hypothesis is piExk

Table 4-10
Means for knowledge acquisition (N=27)

SS M df F p d Power
Group 1.86 .93 2 .68 .52 .05 A5
Error 33.12 1.38 24
Total 529.15 27

*Note. Correlation is significant at the 0.05 level
Null Hypothesis Two

The second hypothesis stated that there will bgigndficant ¢ < .05) difference
between instructional techniques on students’ dognachievement across gain scores. Table
4-11shows the mean scores for groups’ pretest eehib posttest scores for all 27 groups. All
groups N=27) received a treatment; nine received lectures received demonstration, and nine
received a combination of lecture and demonstratResults indicated no significant difference
of instructional techniques across low cognitiveng& (2) =1.69,p =.21. Lecture returned a
mean score of 1.5&D .83; demonstration (2.08D .63); combination (2.06&D .45). Analysis
did, however, return significant difference betwégstructional techniques across high cognitive
processing F (2) =4.36,=.02. The combination groups (2.90 .55) scored the best which

was significantly different from the lecture groy2s00,SD .65). However, the demonstration
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groups (2.383D .78) were significantly different from neither tleeture groups nor the
combination groups. Due to a significant differeihetween treatments of combination and
lecture on high cognitive processing, the null Hiaesis is rejected.

Table 4-11

Group Mean Cognitive Scores (N=27)

Low Cognitive High Cognitive
M D M D
Lecture 1.56, .83 2.0Q .65
Demonstration 2.03 .63 2.38s .78
Combination 2.06 45 2.92 .55

Note. Subscript letterg andg indicate differences between treatments
Null Hypothesis Three

Null hypothesis three stated that there will besigmificant relationship between student
perceptions of instructional technique and knowéedgquisition. Table 4-12 illustrates the
correlations between perceptions of demonstratihlecture on high and low cognitive
achievement. Results indicate no significant déirce among perceptions of lecture on low
cognitive processing (-.09); nor was there sigaifice on high level processing (-.25).
Demonstration perceptions returned no significdreteveen low (-.19) or high (-.25). There
was also no significance found (.27, -.05) betwgmp scores among perceptions of lecture

and demonstration. As a result of the findings,ribll hypothesis was accepted.

44



Table 4-12

Correlations between instructional technique perceptions and knowledge (N=27)

Demo P Lecture P Low Cog. High Cog Group
Demo P - .38 -.19 -.25 -.05
Lecture P - -.09 .25 27
Low Cog. - A40* 31
High Cog. - S51*

Group -

*Correlation is significant at the 0.05 level
Null Hypothesis Four

Null hypothesis four stated that there will besignificant relationship between tinkering
self-efficacy and preferred instructional technidiable 4-13). Results indicate no significant
correlation (.37) between student perceptionsnidetiing self-efficacy and preference of a
demonstration lesson. However, there was sigmiéeaat the 0.05 level across tinkering self-
efficacy and lecture (.51%). Students, who peredithemselves high tinkerers, did not prefer a

lecture lesson format. The null hypothesis isateie.

Table 4-13
Correlations between Perceptions (N=27)

Demo P Lecture P Tinkering
Demo Perception - .38 37
Lecture Perception - 51*

Tinkering -

*Correlation is significant at the 0.05 level. Regption questions were asked on a 1-5 Lickert-
type scale; 1 = strongly disagree, 5 = stronglgagr
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Null Hypothesis Five

Null hypothesis five stated that there will besignificant relationship between tinkering
self-efficacy and knowledge acquisition. Table 4ilisstrates correlations found. Data resulted
in no significant difference in one’s tinkering fsefficacy towards achievement in cognitive
levels. The correlation between tinkering and tmgnitive processing was -.11; high resulted -
.02. Therefore, null hypothesis five is accepted.
Table 4-14

Correlations between Tinkering Perceptions and Test Scores (N=27)

Low Cognition High Cognition Tinkering

Low Cognition - A40* -11
High Cognition - -.02
Tinkering -

*, Correlation is significant at the 0.05 level.
Chapter Summary

The findings from this study were presented is tthiapter. Each of the five hypotheses
was addressed with results provided for each. Deaphics were provided in an effort to
describe subjects and their backgrounds. Speltyficasults presented cognitive achievement
across treatments of lecture, demonstration, astdriydemonstration. Further, results
represented relationships between cognitive achmewg student perceptions on instructional
technique, and tinkering self-efficacy.

The majority of subjects in this study were 15ryad (30.93%) males (66.67%) in the
ninth grade (39.04%). Subjects purported mostlyiA’agriculture classes (51.65%) and B’s in
general core classes (46.55%). The majority ofesib (63.96%) do not live on farms and of
those subjects who do live on a farm (36.04%), a@l83% reported any use or prior

knowledge of biodiesel (the lesson content).
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Significance was found on high cognitive achievetietween treatments; but not on
low cognitive achievement. Specifically, resuftdicated combination of lecture and
demonstration to be the most effective means fecahg knowledge on high cognitive
achievement. However, treatments did not retugniscance on knowledge acquisition across
gain scores. For these reason, null hypothesisvaseaccepted, but null hypothesis two was
rejected.

No significant relationship was found between stigeerceptions of instructional
technique and knowledge acquisition; null hypothésiee was accepted. Significance was
found across tinkering self-efficacy and studemteptions of lecture (.51). Student perceptions
of tinkering self-efficacy significantly differ fra their perceptions of lecture, therefore, students
high in tinkering self-efficacy did not prefer lecé but they do prefer the demonstration
technique. The hypothesis was not accepted. \.dsdre was no significance found between
tinkering self-efficacy and low/high level cognigéknowledge acquisition; the hypothesis failed

to be rejected.
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CHAPTER YV
SUMMARY, CONCLUSIONS, DICUSSION, IMPLICATIONS AND
RECOMMENDATIONS
Purpose
The purpose of this study was to determine if thvems a differencep(< .05) in methods
of instruction; including lecture, demonstrationgdaa combination of lecture and demonstration.
Further, the study determined if there were diffiees in cognitive gains (high or low) between
the different methods of instruction. In addititims study sought to determine if student self-
perceptions of preferred method of instructionuaficed cognitive gains. The study also
identified any achievement in higher cognitive levas influenced by students’ perceptions of
tinkering self-efficacy.
Hypotheses
The objectives guided the research and, basedednid¢hature, the following hypotheses
were formulated:
Null Hypotheses
Hoi: There will be no significani(< .05) difference between instructional techniqoes
students’ level of knowledge acquisition.
Hoy: There will be no significani(< .05) difference between instructional techniqoes
students’ cognitive achievement.
Hos: There will be no significant relationship betwestndent perceptions of
instructional technique and knowledge acquisition.
Ho4: There will be no significant relationship betwegrkering self-efficacy and

preferred instructional technique.
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Hos: There will be no significant relationship betwegrkering self-efficacy and
knowledge acquisition.
Alternative Hypotheses

Ha;: There will be no significanip(< .05) difference between instructional techniqoes

students’ level of knowledge acquisition.

Ha: There will be no significanip(< .05) difference between instructional techniqoes

students’ cognitive achievement.

Has: There will be no significant relationship betwestndent perceptions of instructional

technique and knowledge acquisition.

Hay: There will be no significant relationship betweatkering self-efficacy and

preferred instructional technique.

Has: There will be no significant relationship betweatkering self-efficacy and

knowledge acquisition.

Data were collected from an accessible populatfall students enrolled in NWA high
school agriculture science classes in the springeseer of 2011: a total of 27 classes were
sampled; there were nine classes per treater®#33). Each class received a pretest, treatment,
and posttest (DX, O,). Data were analyzed using SAS 9.2. Descrigtaéistics were used to
describe the demographics of age, grade level,agegthdes made in school and in agricultural
classes, farm residence or not, and prior useaffibis. Each hypothesis was tested using

inferential statistics.
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Summary of Findings

Null Hypothesis One

Null hypothesis one stated that there will be ignificant (p < .05) difference between
instructional techniques on knowledge acquisitidneatments were lecture, demonstration, and
combination (lecture/demonstration). Knowledgeussitjion was determined based on gain
scores achieved on the posttest. Null hypothessnas tested using an analysis of variance
(ANOVA). The hypothesis was accepted becausefsignce was not found between
treatment$=(2) =0.68,p < 0.52.

Null Hypothesis Two

In order to determine which treatment effectuagsdniing most greatly, null hypothesis
two was formulated; which states that there wilhlesignificant jp < .05) difference between
instructional techniques on students’ cognitivei@adment. Null hypothesis two was tested
using an ANOVA with a Tukey Test. Low cognitivensgvement returned no significant results
across treatments (2) =1.69,p=.21. Lecture (on low cognitive achievement) reatt a mean
score of 1.56, demonstration 2.03, and combin&iff. Results for high cognitive
achievement were lecture (2.00), demonstratiorBj2ahd combination (2.92): significance was
found F (2) =4.36p =.02. There was no significant difference betweambination and
demonstration nor was there significance betweetuile and demonstration. However, results
indicate that the combination lesson was signitigamore effective than lecture; thus the
hypothesis was rejected.

Null Hypothesis Three

Null hypothesis three stated that there will besigmificant relationship between student

perceptions of instructional technique and knowéedgquisition. A Pearson Product Moment
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Correlation Coefficient was used to test null hyjasis three. There was not a significant
relationship found. There were no correlationytbwhen testing perceptions of lecture on low
cognitive processing (-0.09) nor on high cognitivecessing (-0.25). Demonstration
perceptions also failed to return significant resuthen tested with low cognitive processing (-
0.19) and high cognitive processing (-0.25). Theas also no significance when testing overall
test scores on lecture (0.27) and demonstratio@3}0 The hypothesis failed to be rejected.

Null Hypothesis Four

Null hypothesis four stated that there will besignificant relationship between tinkering
self-efficacy and preferred instructional techniqidull hypothesis four was tested using a
Pearson Product Moment Correlation Coefficientsui®s indicate no significant correlation
(.37) between student perceptions of tinkering-ei€acy and preference of a demonstration
lesson. However, there was significance at betvpeeceptions tinkering self-efficacy and
lecture preference (.51). Students, who perceivenhselves high tinkerers, preferred the lecture
lesson as opposed to a demonstration lesson for&tatlent response between lecture
perceptions and demonstration perceptions didetatm significant results (0.38). The null
hypothesis was rejected.

Null Hypothesis Five

Null hypothesis five stated that there will be mgngficant relationship between tinkering
self-efficacy and knowledge acquisition. A PearBooduct Moment Correlation Coefficient
was used to test this hypothesis. The data resantiesignificant difference in one’s tinkering
self-efficacy towards achievement in cognitive lsveThe correlation between tinkering self-
efficacy and low cognitive processing was -0.1fghhiesulted -.02. Therefore, null hypothesis

five is accepted.
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Conclusions and Discussion

Null Hypotheses One and Two

Hypothesis one was developed to find if there sigsificance between the treatments on
knowledge acquisition. Results indicated thateheas no significant difference across
treatments and knowledge acquisition. Hypothegiswas developed to find where significance
occurred across treatments and cognitive (low aga) Iprocessing. Results indicated that there
was not significance between treatments on low itiegrprocessing, but there was significance
between treatments on high cognitive processing.

The research established that there could be efibeh use of different methods of
instruction; active and passive (Bonwell, 2000; Bgwl1916; von Glaserfeld, 1989 Vygotsky,
1978). Bonwell (2000) established that lectura ferm of passive learning because the senses
are not engaged beyond just listening. AccordinBligh (2000) and Brookfield (1997) lecture
is considered the best means of instruction bedaashers can convey a lot of information in a
short amount of time. However, this study doesagpee with the previous research: no
significance was found when using the lecture tegheon low or high cognitive processing.
Further, research was found which also disagre@stive results of this study by Hosseini, et al.
(2009).

The other form of learning, active, (pertaininghts research) is demonstration
(Bonwell, 2000). The literature and research satgat demonstration is superior because it
engages student senses and gets the studentsglligyamolved in learning (Bonwell, 2000;
Dewey, 1916; Korwin & Jones, 1990; O’Malley & Mc@ral999). Previous research by
Korwin and Jones (1990) found statistically sigrafit gains of knowledge when using a hands-

on (active) approach to learning. This researcmdathat students taught using the
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demonstration method did not significantly diffeorh those taught with the lecture lesson.
Therefore, this study does not agree with previessarch which found significance when using
the demonstration (active) technique.

Elmoselhi et al. (2010) established, through regedhat getting students more involved
in what they learn provides student the abilitpécomplish more complex, related tasks.
Honigsfeld and Dunn (2010) also stated the beategjy for engaging students is through hands-
on instructional methods allowing students to leamrtheir feet. This study does not align with
the previous research.

Elmoselhi et al. (2010) also stated that providiglents with active instructional
techniques allows better understanding of basiceotis. Basic knowledge is similar to recall
knowledge which is low level cognitive processiBjopom et al., 1956; Webb, 2009). This
research sought to find differences in levels @fstive development; and the statement by
Elmoselhi disagrees with the findings of this studjo significance was found across all
treatments on low cognitive knowledge acquisition.

The demonstration instructional technique closéfna with the philosophies of John
Dewey (1916) whose focus was in experiential legmiearning by doing. Piaget’s theory
(1970) is very similar to Dewey’s experiential leizag theory. Piaget believed that learning
occurs as a result of interactions with the enviment surrounding the learner. The philosophies
of Dewey and Piaget do not agree with the findihthis study on low cognitive achievement.
However, on high cognitive achievement, lecturanetd the lowest results and was
significantly different from the combination tecfjoe; but not significantly different from the
demonstration method. The combination method dediboth techniques lecture and

demonstration.
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Previous research (Elmosilhi, et al., 2010; Horglgs& Dunn, 2010; Korwin & Jones,
1990; McKinney, 2011) pointed to greater gainsnowledge through demonstration.
Reciprocal research (Bligh, 2000; Broadwell, 1980Qrry, et al., 2012; Hosseini, et al., 2009;
Yadar, et al., 2010) showed that lecture was theerappropriate method for effectuating
knowledge. This study disagrees with all indicagedlies. Knowledge was not affected
differently on low cognitive processing. Knowledgas also not effected on high cognitive
processing between lecture and demonstration.

This study sought to test a third treatment of coinly lecture with demonstration. The
justification was based on inconclusive researchparing the two and a lack of research testing
the combination of the two. It is noteworthy tatstthat all instructional techniques returned
positive results signifying that all techniques seffective; but not significantly different from
one another. Results from this study indicate titcombination method was not significantly
different from lecture or demonstration on low lesegnitive processing. However, on high
level cognitive processing, the combination metivagd significantly better than the lecture
method. The combination method was not signifigedhtferent from demonstration, even
though the mean score was technically higher. khgsis two was rejected due to significance
between lecture and combination on high cognitcl@evement. But hypothesis one was
accepted because subjects’ gain scores were hertedif based on gain scores.

Null Hypothesis Three

The hypothesis was developed from the literaturtelvdiscussed the importance of
instructional methods on students’ academic achieve (Hosseini et al., 2009; National
Research Agenda, 2007-2010; Roberts, 2006; Thagaldmore, 1991; Woolfolk, 2010).

Teaching methods (instructional techniques) wdreltad as important to student achievement
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because of different factors including learnindesyeducational theories, and cultural
backgrounds (Hosseini et al., 2009). It was stHtatdifferent methods targeted different
learning styles and, therefore were essentialfext¥e instruction (Hosseini, et al., 2009).
Further, Roberts (2006) stated the importanceadgrizing previous research indicating student
preference to teaching method and the influenkaston learning. However, the data in this
study resulted no significant differences in petigs of instructional technique and knowledge
acquisition. Although research states the impaeegast implicating different methods, the
student perception of the methods, per this stisgr no significance.

The USDOE (2012) stated that teachers are impaestident success because they can
create the conditions to foster excellence in taestoom. Although this study found different
results related to instructional technique, it doesdisagree with this statement. The statement
claims that teachers are responsible for studextiesg by creating a school condition to generate
that success. This, however, may not have toipedanstructional technique because the use
of ‘school condition’ may be interpreted to meamsthing else. If the statement is true, then
for this study specifically, ‘school condition’ dounot mean instructional technique. The
purpose of teaching is to instill a desire to learstudents (Rogers & Freiberg, 1994).
According to this study, that is not accomplisheatigh instructional technique.

The philosophies of Vygotsky (1978) and Dewey ()%itéte that teachers’ critical role
in education is effectuating student learning breding the experiences of the learner(s). This
also does not align with the findings in this studdewey’s and Vygotsky’s theories are not
limit to instruction technique, but this portiontbie study disagrees with their ideals on directing

instruction towards a hands-on (demonstration) @gog.
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Tannabhill (2009) stated that demonstration is tleeenfiavorable to students who tend to
be tactile and kinesthetic learners. He also dtdiat students who believe they are auditory
learners learn best when material is presentedaantare-type instructional technique. This
study does not agree with Tannahill's statements.

Null Hypothesis Four

The findings of Sallee (2012) included a positieerelation between tinkering self-
efficacy and preferred method of instruction. Ts$tisdy sought to find if there was a correlation
between tinkering self-efficacy and preferred instional technique. Data resulted in a positive
correlation between tinkering self-efficacy andfpreed method of instruction. Specifically,
students who perceive themselves high in tinkesglgefficacy had a significant tendency to
prefer the lecture method of instruction over desti@tion. For this reason, the null hypothesis
four was rejected.

Based on Dewey'’s philosophy of experiential leagnit916), it would stand to reason
that students whom prefer the demonstration metimdd also perceive themselves as
tinkerers. The research by Sallee (2012) did,edgénd that positive correlation. This research
did not. The demonstration method is considerdéigteaand the lecture is considered passive
(Bonwell, 2000; von Glaserfeld, 1989). Therefdhe students that like to tinker are active and
would prefer the demonstration technique. Theirfigsl of this study did not agree with the
philosophy.

Null Hypotheses Five

Tinkering self-efficacy was defined as one’s pareeg comfort in their own ability to
complete a task (Baker & Krause, 2007; Bandura7L9The provided definition only implies

one’s perception, not their actual, proven abiliBowe, (1978) stated that tinkering is a very
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beneficial tool that can be used in education. e\ew, this study indicated differing results.
There was no significance found between tinkerglgefficacy and knowledge acquisition.

Sallee (2102) found a correlation between thosehvperceive themselves high in
tinkering self-efficacy and cognitive achievemehiowever, this study did not coincide with the
findings of Sallee. Koch, (2010) in a similar sfuadso found no significant correlation between
tinkering self-efficacy and instructional methoagdsn knowledge acquisition: which aligns
with the findings in this study.

Implications and Recommendations

Agricultural education instructors have a uniguellgnge to instruct students because
the material is not the same as traditional cotgses. Therefore, traditional instructional
technigues may not be the most appropriate in aigui@l education settings. While
components of lecture and demonstration were @ffeat helping students to learn, the
combination method was overall the best method.u3é&e point of education is to provide
students the ability to think at higher levels amdhink holistically about subjects so that they
may apply greater knowledge to real world probleAkhough all treatments were the same in
affecting knowledge gained, the instructional tegha of combining lecture and demonstration
is the most effective method of teaching agricatstudents in Northwest Arkansas to achieve
high levels of cognitive processing.

Students did not seem to learn better on low lewghitive processing across the three
treatments (lecture, demonstration, and lecturedshstnation). Therefore, when instructing
students with material that targets low level ctigni it should not matter which method is used.
It may be suggested that lecture would be an éffeatethod due to the fact that not as much

time and preparation go into preparing a lecturi¢ @suld a demonstration for similar results.
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A variable that is worth noting is the instructi®livering the lesson. Perhaps the idea of
a guest speaker involves the students’ interesé pamgaging them more in the lesson regardless
of which treatment they were receiving. It maydoeantageous to the literature to allow the
original (in-tact) instructor deliver the treatment

At the heart of Dewey’s philosophy, experientedrning, is the idea that if you involve
someone in the learning and they do the lessow}lthever forget. An interesting follow up
would be to use the same study this research pgeelsantest the long term effects. Which
treatment overtime would allow students to retaorerknowledge?

The effects of student perceptions of instructid@ehniques on knowledge acquisition
were not significant. The implication of this réga that it does not matter which method the
students prefer because they will either learm@y the material the same. It is recommended
to further research this area since there is aiimfy results in the literature. Also, a study ghi
further isolates this variable may find more acteirasults.

Tinkering self-efficacy was another componenthié study that is worthy of discussion.
The results of this study found that students wer@give themselves as tinkerers also prefer the
demonstration method of instruction and do noteardfe lecture method of instruction.
However, it is not complimentary with the fact thiais study found no significance between
knowledge acquisition and preferred method of uwtton. Tinkerers prefer demonstration, but
those who prefer demonstration do not score higlen they receive a demonstration. The
study also found no significance between tinkegalf-efficacy and knowledge acquisition. The
correlations complement each other by being carstistTinkerers do not perform better across
instructional technigues than do non-tinkerers aiAgfurther research is recommended to

further examine and understand the relationshiywéxt perceptions of instructional technique
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and knowledge as well as the relationship betweefegence of instructional technique and
knowledge acquisition.

Further on tinkering self-efficacy. Recalling tthefinition of self-efficacy as one’s
perceived ability to manipulate with their handsstluct/construct, repair, or modify; it is
noteworthy to consider the information used fotnmgtion. This study used biofuels and the
effect it has on diesel engines. As per tinkerthies Jesson component was not directly geared
towards information that would benefit them. Ba#ig if the lesson were more along the lines
of how to convert a gas engine to ethanol, it maynore affective. It might include components

of actually taking an engine apart and puttingaitlbotogether: actual tinkering.
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APPENDIX ONE

Lesson Plan
Lecture

This lesson is designed for a 50min class periaugusnly lecture. The first 10 minutes are for
testing with 40 minutes of instruction.

1) Objectives. All objectives are to be carried out in the classndn a lecture-type format

» ldentify different sources of biodiesel

* ldentify the process in which biodiesel is made

» Compare engine torque when using biodiesel andlpetn diesel

» Compare engine Horsepower when using biodiesepatrdleum diesel
» Compare fuel consumption when using biodiesel atbeum diesel

» Compare exhaust emissions when using biodiesgbaindleum diesel

2) Procedure:

a) Pretest:

The pre-test shall be administered the day befaanstruction. The students
have exactly 10 minutes to complete the pre-t¥siu may either administer the test
yourself or request that the appointed teachertiogir delivers it.

b) Interest Approach:

Fill three different jars: one with petroleum (Ddigsel, one with B-100 biodiesel,
and one with a blended (b-20) biodiesel. Hold wpdliferent jars and ask the students if
they can identify the substance of the jars. Theecb answers of the students are not
important. This should not take more than abauiraute and is only to engage the
students and direct their attention towards thedes

c) ReasonstoLearn:

1. Why would we use alternative fuels?
2. Why are alternative fuels important?

d) Questionsto Answer:

1. What kinds of aspects about an engine are iraptit
2. How are the types of fuels selected importaratrt engine?
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4. How can using biodiesel help/hurt your engine?
€) Problem Solution:
Since this is a traditional lecture class, ther@usthbe little discussion.

B-100 has a higher viscosity than D2 diesel. i yeere to pour D2 diesel into a
funnel, you would notice that the rate at whicfiatvs is much less than the rate at which
B-100 would.

There is a need to find an alternative fuel souresearch continues to find a
cheaper alternative to diesel. This is where wégeliesel. Biodiesel can be used in
any engine which uses diesel (tractors, semis taai®n vehicles, etc.). It can be made
from and vegetable or plant containing oil (beausflowers, algae, etc.) or any animal
fat (beef, poultry, swine, etc.).

Many different sources can be used to create [BedieThe easy explanation is
anything that produces oil can be used to makedsetl This could include the oils
found in seeds such as soybeans, corn, sesan@ianr.clt can also be made from the
oils found in fats from animals: such as cattléqt), poultry, and swine. There are also
plants that have been used to make biodiesel sualyae.

Biodiesel can be made through a very simple proc&ks process is called
transesterification. You mix a feedstock (anythiingt is oil based) and add methanol.
Most processes include some type of catalyst tedspp the process. Potassium
hydroxide or sodium hydroxides, to name a few,vanry common catalyst used in the
transesterification process. The process yielddiesel and a bi-product called glycerin.
The glycerin cannot be used through an enginetheubiodiesel obtained has the same
energy content as petroleum diesel.

Torque is a rotation output measurement. It issuesd using distance (ft) and
multiplying Force (Ibs). Torque is important to @mgs because it can create more or less
horsepower. So what about torque is important vehigeussing alternative energy?
Obviously, the more torque you have, the greahtirsepower. Will burning a
biodiesel decrease this? The research says thatstnot. There is actually no
difference in engine torque when using biodieselrzgj petroleum diesel. The fuels both
have the same amount of potential energy and, wberbusted, provide the same
amount of torque.
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Engine horsepower is a simple equation which measinom torque and engine
speed (RPM) divided by a constant (5252). To ia&eehorsepower, you must either
increase your torque or increase your RPM. A commdaconception is that biodiesel
will rob an engine of its horsepower. Howevercsithe fuels have the same energy
potential and torque is not decreased when you biseliesel, you don't lose any
horsepower either.

The engine does not react any differently to the dfferent types of fuel. In
other words, there are no engine modificationslyae to make in order to use biofuels.
Simply pour it in your tank and your engine wilhrjust as well.

Another desire of a fuel is to obtain the best fndkage. Will using biodiesel
decrease your fuel performance? The short answer.i There are studies that show
that biodiesel uses neither more nor less fuel ¢hpetroleum diesel.

So far, there have been no differences in the tetsf Torque, Horsepower, and
fuel consumption have all been the same. So Habete is a difference, do these two
fuels differ? There actually is a difference omeestart looking at emissions. Emissions
are particles or fumes displaced from the engiter durning a fuel. Some that present a
threat are carbon monoxide, particulate matter Bk (nitrogen and oxygen).

Biodiesel has actually been proven to reduce alhese emissions, except for NOx.
NOx has not been tested very much and is stiluestjon, but what little research
available says that it is neither reduced nor iasee. But using a B-20 blend of
biodiesel can decrease carbon monoxide and paticmatter by up to 12%.

Oxygen is necessary for combustion. B-100 hagatgr amount of oxygen. The
optimum combustion temperature of biodiesel is maek than that of D2 diesel.

f) Summary:

To conclude the lesson: on the following day, adstén the posttest. The
posttest consist of the same multiple choice qoestin a different order and 10
guestions about tinkering self-efficacy. Each studvill have exactly 10 minutes to
complete the posttest.

g) Posttest

Deliver the posttest in the final ten minuteshaf tesson. Make sure the students
have ten minutes to complete the test, even if tloeyt need the additional time.
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APPENDIX TWO

Lesson Plan
Demonstration

This lesson is designed for a 50min class periatgusnly lecture. The first 10 minutes are for
testing with 40 minutes of instruction.

3) Objectives: All objectives are to be carried out in the classnan a lecture-type format

» |dentify different sources of biodiesel.

» |dentify the process in which biodiesel is made.

» Compare engine torque when using biodiesel andlpetn diesel.

» Compare engine Horsepower when using biodiesepatrdleum diesel.
» Compare fuel consumption when using biodiesel atrbfeum diesel.

» Compare exhaust emissions when using biodiesebaindleum diesel.

4) Procedure:

c) Pretest:

The pre-test shall be administered the day befaanstruction. The students
have exactly 10 minutes to complete the pre-t¥ésu may either administer the test
yourself or request that the appointed teacherliogir delivers it.

d) Interest Approach:

Fill three different jars: one with petroleum (Ddigsel, one with B-100 biodiesel,
and one with a blended (b-20) biodiesel. Hold wpdiiferent jars and ask the students if
they can identify the substance of the jars. Theecb answers of the students are not
important. This should not take more than abauiraute and is only to engage the
students and direct their attention towards thedes

¢) Reasonsto Learn:

1. Why would we use alternative fuels?
2. Why are alternative fuels important?

d) Questionsto Answer:

1. What kinds of aspects about an engine are iraptit
2. How are the types of fuels selected importarart engine?
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4. How can using biodiesel help/hurt your engine?
€) Problem Solution:

The students will gather outside of the classrapound the demonstration
instrument. The engine should be previously waropednd should have the necessary
equipment hooked up to read the desired outputguée horsepower, fuel consumption,
and exhaust gases).

Obtain a jar and fill it with seeds from a plamat can be used to make biodiesel.
If possible, obtain some lard from an animal treat be used to make biodiesel.
Following the questions to answer, use the jadigouss the different types of sources
from which biodiesel can be made. Let the studkaiglle and touch the jars so they can
look at and examine them as they desire.

In addition to the jars used for the interest apph and the ones previously
stated, obtain three additional jars; one for ptas chloride (the catalyst), one for
methanol, and one for glycerin. Show the stud#ggars (again, let them hold them and
examine them more closely) and discuss the tragrsfgsdtion process. Hold up the first
jar (the feedstock, or the seeds/lard); this id¢leelstock used to make biodiesel. Itis
mixed with methanol (pass around the methanol j&)st often, a catalyst is used to
create a more rapid process. There are many elifféands of catalyst, but we use
sodium hydroxide (pass around the jar containiegctitalyst). Caution: Sodium
hydroxide is a harsh chemical. We put flour inragecause it looks exactly the same and
will not harm the students if they were to com@iobntact with it.] Once the process is
complete, there are two end results: glycerin, tisca by-product (show the jar of
glycerin) and crude biodiesel. After it has beefned, the final result is 100% biodiesel
(pass around the jar of neat biodiesel).

Ask the students what the two most desired tea#gn an engine. Direct the
guestion towards torque and horsepower. Brieffgus how engine torque and engine
horsepower are measured and then show how the ¢envill read torque from the
engine. Also ask the students which fuel theykhwiil provide more or less
performance. Briefly discuss the importance of aomsumption. Ask the students
which fuel they think will have better performarefar as fuel consumption. And
finally, discuss emissions and which fuel they éeai will have higher or lower
emissions. The emissions that will be measuregangculate matter, carbon monoxide,
and NOx.

69



Provide the students with a piece of paper so t@eyrecord all of the previously
stated measurements. Assign students, in pairsafth measurement. One student in
the pair will record biodiesel, and the other waétord diesel. There are a total of 6
measurements, so there should be 6 pairs. If Hrerkeftover students, let them be the
ones to switch the lever for the fuels and/or mialeeadjustments on the load valve.
Measurements should be taken at 4 different RP®fsce the measurements are
complete, return to the classroom and record tkeeidto an Excel sheet and graph the
data. Discuss how torque, horsepower, and fuedwraption demonstrate similarities
across the two fuels used. Also, discuss how ififierent fuels (should have) had
different reactions with regards to emissions.

f) Summary:

To conclude the lesson: on the following day, adstén the posttest. The
posttest consist of the same multiple choice qoestin a different order and 10
guestions about tinkering self-efficacy. Each studvill have exactly 10 minutes to
complete the posttest.

g) Posttest

Deliver the posttest in the final ten minuteshof tesson. Make sure the students
have ten minutes to complete the test, even if eyt need the additional time.
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APPENDIX THREE

Lesson Plan
Lecture/Demonstration

This lesson is designed for a 50min class periatgusnly lecture. The first 10 minutes are for
testing with 40 minutes of instruction.

5) Objectives: All objectives are to be carried out in the classnan a lecture-type format

» Compare engine torque when using biodiesel andlpetn diesel

» Compare engine Horsepower when using biodiesepatrdleum diesel
» Compare fuel consumption when using biodiesel atbeum diesel

» Compare exhaust emissions when using biodiesgbaindleum diesel

6) Procedure:

€) Pretest:

The pre-test shall be administered the day befaanstruction. The students
have exactly 10 minutes to complete the pre-t¥siu may either administer the test
yourself or request that the appointed teacherliogir delivers it.

f) Interest Approach:

Fill three different jars: one with petroleum (Ddigsel, one with B-100 biodiesel,
and one with a blended (b-20) biodiesel. Hold wpdiiferent jars and ask the students if
they can identify the substance of the jars. Theecb answers of the students are not
important. This should not take more than abauiraute and is only to engage the
students and direct their attention towards theoes

¢) Reasonsto Learn:

1. Why would we use alternative fuels?
2. Why are alternative fuels important?

d) Questionsto Answer:
1. What kinds of aspects about an engine are iraptit

2. How are the types of fuels selected importarart engine?
4. How can using biodiesel help/hurt your engine?
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€) Problem Solution:

This lesson incorporates both lecture and demdiwtraDuring the lecture, be
brief and only include the key points to ensureugyotime is left for the demonstration.

All material is the same from the other two lesptans. Instead of being so
thorough, try to get to the point and be brief\llay for plenty of time to do the demo.

You may find yourself running longer on this lesgdan than the other two. That
is likely to happen as two lessons are being cosetimto one. Make sure there is
enough time to give a post-test. As the you le;tdemonstrate the same material as
stated in the “demonstration lesson plan”.

f) Posttest

Deliver the posttest in the final ten minuteshad tesson. Make sure the students
have ten minutes to complete the test, even if tloeyt need the additional time.
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APPENDI X FOUR
Pretest

Biodiesel is made through the process of
a. transesterification b. transfusion

c. transjunction d. transduction

100% Biodiesel can be made from the following except
a. Petroleum
b. Soybean Seeds
c. Algae
d. Beef Tallow

Which of the following is used in the process to make biodiesel?
a. Feed stocks
b. Sodium hydroxide

c. Ethanol
d. AandB
Torque is when using B20 instead of petroleum diesel.

a. Reduced by at least 25%
b. Increased by at least 25%
c. Not significantly affected
d. Significantly affected

Horsepower is when using B20 instead of petroleum diesel.
a. Reduced by 25%

b. Increased by 25%
c. Significantly affected
d. Not significantly affected
Fuel consumption is when using B20 instead of petroleum diesel.
a. Reduced by 25%
b. Increased by 25%
c. Significantly affected
d. Not significantly affected
Harmful exhaust is when biodiesel is used instead of petroleum.

a. Reduced

b. Increased

c. Not Significantly affected

d. Not athreat because biodiesel doesn’t create emissions

Can biodiesel be used in a diesel engine?

a. No, it’s not the same fuel

b. Yes, it has the same combustibility

c. Yes, but one must make engine modifications
d. No, diesel engines run on diesel ONLY
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9. Hydrocarbons, CO, and particulate matter emissions as more biodiesel is added
to D2 diesel.
a. increase b. both increase and decrease

c. decrease d. are not affected

10. If the amount of torque was decreased, and speed (RPM) remained the same, what would
happen to the amount of horsepower?

a. HP would decrease

b. HP would increase

c. HP would remain constant

d. Torque does not affect horsepower

11. Why can 100% biodiesel be made from algae, soybeans, and cattle fat?
a. Because they are renewable resources
b. Because they are all biological products
c. Because they all contain oils or fats
d. All of the above

12. Why can glycerin not be used in an engine?
a. Because it is too expensive to make.
b. Glycerin is not a product of biodiesel production.
c. Because it is not combustible and would clog the engine.
d. Glycerin is a product of biodiesel and can be used in an engine.

13. B100has _ energy content, per gallon, than petroleum diesel
a. More
b. Less
c. The same
d. Varies depending on which feed stock is used

14. Which is a better fuel system better lubricant?

a. D2
b. B20
c. B50
d. B100
15. If the amount of fuel used was held constant, which would provide the greatest horsepower?
a. D2
b. B20
c. B50
d. B100
16. Which fuel has the most complete combustion?
a. D2
b. B20
c. B50
d. B100
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1= Strongly Disagree
2=Disagree

3= Neutral

4= Somewhat Agree
5= Strongly Agree

Tinkering Self-efficacy

| possess the ability to take something apart and put it back together.
| enjoy taking things apart to see how they work.

| enjoy working with my hands.

| enjoy working in the agriculture lab.

| enjoy rebuilding engines/equipment.

| enjoy demonstrated projects assigned by my teacher.

| enjoy learning how things operate.

| enjoy learning when | can use my hands.

| enjoy fixing broken items.

| enjoy troubleshooting to find a solution to problem and then fixing it.

2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
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Demographics

1. How old are you?

2. What is your current year in school? (Check one)
___Freshman __ Sophomore __ Junior ___ Senior

3. What grades do you make in school? (Check one)
_ A B _C _ D _F

4. What grades do you make in your agricultural classes? (Check one)
A B _C _ D __F

5. What is you gender?
___Male __ Female

6. Do you live on a farm that has equipment that used diesel? (Check one)
Yes No

7. If you checked yes above, do you use biodiesel?
Yes No

First Name:

Last Name:

Group/Class:
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APPENDIX FIVE
Posttest

Harmful exhaustis _ when biodiesel is used instead of petroleum.
a. Reduced
b. Increased
¢. Not Significantly affected
d. Not athreat because biodiesel doesn’t create emissions

If the amount of fuel used was held constant, which would provide the greatest horsepower?
e. D2

f. B20
g. B50
h. B100
Horsepower is when using B20 instead of petroleum diesel.

a. Reduced by 25%

b. Increased by 25%

c. Significantly affected

d. Not significantly affected

Why can 100% biodiesel be made from algae, soybeans, and cattle fat?
a. Because they are renewable resources
b. Because they are all biological products
c. Because they all contain oils or fats
d. All of the above

Fuel consumption is when using B20 instead of petroleum diesel.
a. Reduced by 25%
b. Increased by 25%
c. Significantly affected
d. Not significantly affected
Which fuel has the most complete combustion?
a. D2
b. B20
c. B50
d. B100
Biodiesel is made through the process of
a. transesterification b. transfusion
c. transjunction d. transduction
B100 has energy content, per gallon, than petroleum diesel
a. More
b. Less
c. Thesame
d. Varies depending on which feed stock is used
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10.

11.

12.

13.

14,

15.

16.

Why can glycerin not be used in an engine?

a. Because it is too expensive to make.

b. Glycerin is not a product of biodiesel production.

c. Because it is not combustible and would clog the engine.

d. Glycerin is a product of biodiesel and can be used in an engine.

100% Biodiesel can be made from the following except
a. Petroleum
b. Soybean Seeds
c. Algae
d. Beef Tallow

Hydrocarbons, CO, and particulate matter emissions as more biodiesel is added
to D2 diesel.

a. increase b. both increase and decrease

c. decrease d. are not affected

Torque is when using B20 instead of petroleum diesel.

a. Reduced by at least 25%
b. Increased by at least 25%
c. Not significantly affected
d. Significantly affected

Can biodiesel be used in a diesel engine?

a. No, it’s not the same fuel

b. Yes, it has the same combustibility

c. Yes, but one must make engine modifications
d. No, diesel engines run on diesel ONLY

Which of the following is used in the process to make biodiesel?
a. Feed stocks
b. Sodium hydroxide
c. Ethanol
d. AandB

If the amount of torque was decreased, and speed (RPM) remained the same, what would
happen to the amount of horsepower?

a. HP would decrease

b. HP would increase

c. HP would remain constant

d. Torque does not affect horsepower

Which is a better fuel system better lubricant?

a. D2
b. B20
c. B50
d. B100
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1= Strongly Disagree
2= Disagree

3= Neutral

4= Somewhat Agree
5= Strongly Agree

Per ceptions

| enjoy working in the agriculture lab

| prefer to work in the lab where | can use my hatadlearn

I learn a concept best when | do something

I have the ability to pay attention when | am waikbn a task
| can learn better when things are demonstrated

I enjoy working in the classroom

| prefer to be in the classroom where | can legriigbening

I learn a concept best when | am told how somethioks

I have the ability to pay attention when | listeratlecture

| learn better by studying/working in a classroom
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APPENDIX SIX

IRB Protocol
April 26, 2012

MEMORANDUM
TO: Don Johnson

George Wardlow

Ryan Siebenmorgen

Chris Hunt

Don Edgar
FROM: Ro Windwalker

IRB Coordinator
RE: PROJECT CONTINUATION
IRB Protocol #: 09-04-590
Protocol Title: The Effects of Alternative Fuel Education Program on Knowledge

Acquisition in Secondary Agricultural Settings
Review Type: [1EXEMPT [X]EXPEDITED []FULL IRB

Previous Approval Period:  Start Date: 05/14/2009 Expiration Date: 05/13/2012

New Expiration Date: 05/13/2013

Your request to extend the referenced protocol has been approved by the IRB. If at the end of
this period you wish to continue the project, you must submit a request using the form
Continuing Review for IRB Approved Projects, prior to the expiration date. Failure to obtain
approval for a continuation on or prior to this new expiration date will result in termination of the
protocol and you will be required to submit a new protocol to the IRB before continuing the
project. Data collected past the protocol expiration date may need to be eliminated from the
dataset should you wish to publish. Only data collected under a currently approved protocol can
be certified by the IRB for any purpose.

This protocol has been approved for 950 total participants. If you wish to make any
modifications in the approved protocol, including enrolling more than this number, you must
seek approval prior to implementing those changes. All modifications should be requested in
writing (email is acceptable) and must provide sufficient detail to assess the impact of the
change.

If you have questions or need any assistance from the IRB, please contact me at 210
Administration Building, 5-2208, or irb@uark.edu.
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