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ABSTRACT 

The utilization of visual elaboration has been a key component of the educational 

process for instmctors of agricultural power technology. Traditionally, still illustration 

and representatives of real equipment (realia) have been utilized to teach the hidden 

theoretical concepts that comprise the most basic operational processes of the internal 

combustion engine and its accompanying systems. Exponential technology advancement 

has allowed the development of a new mode of visual elaboration in the form of high-

quality computer generated animation. 

This dissertation, which utilized the dual coding theory as a theoretical 

framework, is the first of its kind to compare the use of traditional visual elaboration in 

agricultural power technology with that of the traditional methods and the added 

component of computer-generated animation. Computer-generated animations are most 

effective when used with topics that are abstract, vague, hidden or too fast or slow to 

view. When applied to operational theory of common internal combustion engines, 

animation is a natural fit. Animation must also be utilized with suitable content and an 

appropriate learner in order to be effective. 

Animations are beneficial when compared to still illustration and realia because 

they offer the benefit of motion and trajectory. The study sought to identify any 

significant benefits that would result from the addition of animation to an agricultural 

power technology lesson. 

Vll 



The study utilized an experimental pretest posttest control group design. 

Participants were undergraduate students (n=46) who enrolled for A EN 2013 -

Agricultural Power Units, an undergraduate agricultural power course at Tarieton State 

University. Following pretest and immediate posttest, a delayed posttest was 

administered in order that learning decay could be measured. The dependent measure, 

(thirty question multiple choice test) was divided into two subsections, low-level 

cognitive questions and high-level cognitive questions. Six research hypotheses were 

developed. 

Results indicate that no significant differences existed between the traditional and 

animated groups. The authors suggest that replications be performed with a larger 

sample size, a greater number of questions in the dependent variable, as well as the 

utilization of a motivation to learn score as a covariate. 
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CHAPTER 1 

INTRODUCTION 

Introduction 

Teaching courses related to agricultural mechanization has always required 

instmctors to put forth rather substantial amounts of effort and creativity, especially for 

topics which cannot be conveniently viewed. Agricultural power technology is one such 

topic area that restricts instmctors because many of the numerous systems' processes are 

hidden from view or occur at such great speeds, students are not able to study the 

mechanical concepts and relationships taking place. Hence, they are abstract concepts in 

the student's mind (Gagne, 1985). This includes concepts or content that may be abstract, 

vague, hard to visualize, too fast or slow to see, or hidden from view. 

Teachers of agricultural power have traditionally played the role of artist, 

technician and engineer in efforts to successfully recreate and illustrate the many 

mechanical processes performed in systems such as the internal combustion engine and 

its accompanying components, power transmission and hydraulics. The use of still 

pictorial representations, specialized learning aids, machinery cutaways and actual parts 

have all been integral weapons in the agricultural power instmctor's arsenal for 

combating the phenomena of the speedy or unseen in the topics they teach. 

Unfortunately, static illustrations do not fully represent this process and the purchase of 

actual agricultural power equipment for the sole use of instmction is not a viable solution 

because of the cost of acquiring such equipment and keeping equipment that is 



technologically current. Furthermore much time and expense must be devoted to many of 

these teaching aids that can be bulky and may still not deliver the desired learning effects. 

Shinn (1998) described a developing paradox in which increased technology in the 

agricultural industry has been contradicted by a decreasing technology emphasis in 

teacher preparation institutions in agricultural education, all-the-while agricultural 

mechanization courses are among the most popular for secondary students and the most 

sought out by teachers. This in combination with decreasing funding for such programs, 

places a strain on the amount of specialized instmction models and teaching aids that can 

be developed or purchased. 

New advances in the area of computer-generated animation may be one of the tools 

that aids student learning in such topics as agricultural power, while relieving some of the 

monetary and time constraints that are consistent with traditional methods of visual 

lesson reinforcement. Although much of the research conducted on the benefits of 

animation in a learning environment is not consistent (Park & Hopkins, 1993; Rieber, 

1990a), many students favor and enjoy learning with animation (Rieber, 1990b, 1991; 

Rieber, Boyce, & Assad, 1990; Dooley, Stuessy, Magill, & Vasudevan, 2000). 

Statement of the Problem 

While working on a master's degree in agricultural education at Texas Tech 

University, the author was the instmctor responsible for an agricultural power and 

technology course. The course was taught in the conventional manner with traditional 

visuals such as still pictorial representations, engine cutaways, and actual engine parts. 



Upon returning to Texas Tech to work on a doctoral degree, the author was once again 

responsible for the same agricultural power course. 

In the author's absence from the university, much computer technology 

development had taken place, which allowed the utilization of another form of visual 

representation for the internal combustion engine. Through the use of a computer, 

presentation software and a presentation system, the author could now utilize computer-

generated animations to teach many of the hidden concepts related to the internal 

combustion engine. The author observed a rising trend in students' grades, inquiries, and 

understanding of the concepts being taught. 

The primary focus of the study was to investigate the effects of computer-generated 

animations in a lecture-style learning situation for a self-selected and randomly assigned 

sample of undergraduate students. The study was a combination of empirical gaps that 

were found as a result of an extensive review of literature. The review illustrated that 

numerous studies indicated benefits to high-level cognitive orientation, therefore a 

low/high-level cognitive orientation was implemented (Back & Layne, 1988; Agnew & 

Shinn, 1990; Rieber, 1990a; Rieber, Boyce, & Assad, 1990; Mayer & Anderson, 1991 & 

1992; Park & Hopkins, 1993; Williamson & Abraham, 1995; Nicholls, Merkel, & Cordts, 

1996). The facet of effects of animation on retention and delayed testing was 

investigated in a study conducted by Agnew and Shinn (1990). The researchers did not 

utilize animations, rather simulation activities were utilized as an independent variable. 

The study served as insight for this investigation because of limited investigation into 

delayed testing application. Dual-coding theory offers implications for the use of 



animations because of the development of referential connections, which offer a greater 

probability of information recall following differentiating time lapse (Paivio, 1990; 

Rieber, 1990a), Therefore, the current study focused on animation effects on immediate 

and delayed posttests for low-level, high-level, and total cognition. 

For this reason, the effects of computer-generated animation was investigated in 

order to determine if there were any measurable learning effects that would resulted in 

the area of agricultural power technology when animations were added to traditional 

visual instmctional methods for this particular topic. This study was conducted for two 

reasons. First, in order that additional empirical evidence may be added to prior research 

on the learning effects associated with animation. Second, to explore the possibilities of 

added learning in agricultural power technology, while requiring less time, effort, and 

funding for individuals involved in teaching such topics. 

Purpose of the Study 

The purpose of the study was to determine if any measurable learning effects would 

result from the use of computer generated animations as an added visual display for 

students enrolled in an agricultural power technology course. Undergraduate students 

enrolled in the course were studied in order to determine if significant differences existed 

between students who view computer generated animations that were added to the 

traditional barrage of visuals, in comparison to students who viewed only the traditional 

visual tools. 



Research Hypotheses 

The following research hypotheses were tested assuming that the covariates met the 

appropriate assumptions. (Note change in covariate format here from Chapters IV and V.) 

1. With the pretest score and GPA as covariates, students in the 

illustration/realia/animation group will score statistically higher on the 

immediate low-level cognitive posttest than students in the illustration/realia 

group. 

2. With the pretest score and GPA as covariates, students in the 

illustration/realia/animation group will score statistically higher on the 

immediate high-level cognitive posttest than students in the illustration/realia 

group. 

3. With the pretest score and GPA as covariates, students in the 

illustration/realiayanimation group will score statistically higher on the 

immediate cognitive posttest than students in the illustration/realia group. 

4. With the pretest score and GPA as covariates, students in the 

illustration/realia/animation group will score statistically higher on the delayed 

low-level cognitive posttest than students in the illustration/realia group. 

5. With the pretest score and GPA as covariates, students in the 

illustration/realia/animation group will score statistically higher on the delayed 

high-level cognitive posttest than students in the illustration/realia group. 



6. With the pretest score and GPA as covariates, students in the 

illustration/realia/animation group will score statistically higher on the delayed 

cognitive posttest than students in the illustration/realia group. 

Theoretical/Conceptual Framework 

A computer-generated animation is a series of still computer generated pictures that 

are presented in succession in order that the illusion of motion is developed, much like a 

picture flip-book (Burke, Greenbow, & Windschitl, 1998). Animations differ in that they 

offer two unique attributes that still pictures do not, trajectory and motion (Rieber, 1991). 

Therefore, animations represent a subset of instmctional visuals (Rieber, 1990a) and 

receive general theoretical support from information processing learning theories 

purported by individuals such as Gagne (1985) and Paivio (1979, 1983, 1986, 1990). 

Primary theoretical support for the use of animations, as well as still pictures, and 

their effects on learning comes from the dual-coding theory (Pavio, 1979, 1983, 1986 & 

1990). According to this theory, information is processed and represented by two 

separate codes known as verbal codes and imagery codes. The theory argues that humans 

understand the world around them through language and non-verbal objects and 

occurrences. Language is categorized as incoming and outgoing and shares a symbolic 

relationship to the non-verbal, which can be representative of such things as objects, 

events, and behaviors. The non-verbal code includes all information that can be 

processed from the senses, which includes non-verbal sounds. These verbal and non-



verbal codes can be encoded information from a human's environment individually or 

simultaneously. 

Verbal and non-verbal coding systems work as a sort of two-lane road in which 

information travels. As information travels along this roadway many connections are 

developed during the process of cognition. As information is acquired, representational 

connections are made to verbal or non-verbal information received by the learner. These 

connections are exactly as their name implies, they are representative schema that 

activate prior knowledge or experiences that the learner may have in relation to what is 

being learned. For example, if a student views a brightly colored mbber orb, the stmcture 

is representative of a ball used for play, representation is developed between what is 

experienced by the senses and the individual's sense representation for what is 

experienced. Associative connections are made within the verbal and non-verbal "lanes," 

respectively, that is, actual words and an individual's verbal representations of the words 

are developed and connected, also words that may be associated to one another tend to 

make connections as well (i.e., the word tabby may also activate the word feline). Non-

verbals are also connected associatively, just as with words, smells may conjure visual 

memories or the sight of certain objects may cause flashbacks to scenes experienced by 

an individual. Put simply, associations are made, and words are related to other words 

and images to other images of the same or different sense perception mode (Pavio, 1979, 

1986; Clark & Pavio, 1991), The third type of links are referential connections, which 

are connections that crossover "lanes" in order to create links between the verbal and 

non-verbal information. These types of connections are championed by supporters of 



multimedia instmction for the argument that if information is coded verbally, as well as 

through another sense such as sight (visually), the information is more likely to be 

remembered because one representation or reference can activate another, "When 

information is dually coded, the probability of retrieval is increased because if one 

memory trace is lost, another is still available" (Rieber, 1991, p, 319), Figure 1,1 is a 

visual representation of the dual-coding theory. 

Verbal Stimuli 

I 
Sensory' (Visual) Stimuli 

I 
Senson' Svstems 

Representational Connections 

>> Verbal System 
w 
o 
o 
^ I 1 i 

^ Language 
Referential 
Connections 

Visual System J> 
C/J 

n vox •̂ 
f ) Images ^- J < 

Verbal Cognition/Recall/Response Non-%erbal 

Figure 1.1; A dual-coding model for processing animation and speech. Adapted 
from Mental Representations: A Dual-Coding Approach, FaVio, 1990. 

Assumptions 

The study first assumed all students who participated in the study were physically 

able to view any visuals they were exposed to, that is, they have not lost their ability to 

see. The second assumption was that all participants were naive to the topic of 



agricultural power technology and to the use of animations within the topic. Third, it was 

assumed all participants were "typical" undergraduates who had enrolled in the course of 

their own free will. Fourth, it was assumed all learners were "typical" learners who were 

not cognitively inhibited or categorized by any known learning disability. Fifth, it was 

assumed there was no difference between the times of day treatment was administered or 

differences between the days of the week in which treatment was administered. 

Definition of Terms 

For the purpose of this study, the following terms and definitions were used: 

ARricultural Mechanization - For the purposes of this study the term agricultural 

mechanization was used to embody the terms agricultural mechanics, agricultural 

systems management, and agricultural engineering. Although there are differences 

between the three fields of study, one loosely fitting term is appropriate in order to 

accommodate a topic (agricultural power technology) that is consistently taught 

throughout each one of the fields. Agricultural power technology is the sub-discipline 

related to the methods of developing and transmitting power in agricultural settings and 

includes all systems related to the development and transmission of power. The current 

study focused on Agricultural Engineering 2013 - Agricultural Power Technology, which 

is offered every spring and fall semester in the Department of Agricultural Services & 

Development at Tarleton State University (see Appendix A for syllabus). 

Computer-Generated Animation (Animation) - "A series of visual images 

displayed in rapid succession on a computer screen, providing the illusion of motion. 



Instructional computer animations can be constructed so that dynamic visual images 

communicate abstract ideas, concepts, and processes to students" (Burke, Greenbow, & 

Windschiti, 1998, p. 1658). Animations differ from illustrations in that they provide 

motion and trajectory for the viewer (Rieber, 1991). Animations were inserted into the 

treatment Power Point® presentation as QuickTime movie files, which is the default 

format for Macintosh computers. For the purpose of this study, a reference to animations 

included all computer-generated animations such as "Shockwave Flash" animations, 

animated gifs, ,avi files, etc., all of which create the illusion of motion from a series of 

still illustrations. 

Computer-generated animations that were utilized in the study came from a number 

of sources. A majority are web-based animations that have been downloaded from the 

Internet or borrowed from webmasters. Two animations were copied from an 

instmctional CD that is the property of the author. Animations utilized in the study were 

"Shockwave Flash" animations, animated gifs, or avi files. 

For the experimental treatment a total of 26 of the 52 Power Point® slides 

(Appendix B) contained some type of animation. Four of the animations were simple 

attention gaining devices that had no instmctional purpose, but are related to agricultural 

power technology. These animations were included so that every instmctional slide 

would possess some type of graphic (either animation or illustration). Thirteen 

instmctional-based animations were utilized in the treatment, with four of the thirteen 

being repeated in order to signify particular strokes of each theory. 
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Each repeated animation was selected based upon the quality or availability of an 

animation for each operational theory. The four-stroke cycle spark ignition engine was 

repeated five times (the first appearance offers an introduction to the basic parts of an 

engine in motion), the two-stroke cycle spark ignition engine was repeated three times, 

the four-stroke cycle compression ignition engine was repeated four times, and finally, 

the two-stroke cycle compression ignition engine was repeated three times. The 

animation supplied for the four-stroke cycle spark ignition rotary engine was not repeated 

due to this animation's ability to pause for each consecutive phase (the term phase 

replaces the term stroke when discussing rotary engines), therefore the animation was 

included only once. 

The total number of animations for each operational theory was: four-stroke cycle 

spark ignition (reciprocating) (6), four-stroke cycle spark ignition (rotary) (4), two-stroke 

cycle spark ignition (5), four-stroke cycle compression ignition (6), and two-stroke cycle 

compression ignition (4). The number of animations for each operational theory was 

reflective of the complexity of each theory, the quality and capabilities of each animation 

and finally, the availability of animations for each operational theory. 

Although each animation was "looped," that is, the animations played continuously 

until stopped by the instmctor, time of play varied between animations, but no added time 

was spent on the use of animations in comparison to illustrations or realia. Through 

practice and careful planning the instmctor spent approximately the same amount of time 

for each animation slide that is spent on its still counterpart in the control group. 



Finally, all animations were without sound or automatic narration. The instmctor 

narrated each illustration and animation in both treatment and control. According to 

Mayer and Anderson (1991, 1992), the presence of narration during animation or visual 

stimuli is the most effective in the development of referential connections when 

considering the dual-coding theory. 

Illustration - Illustrations refer to any graphic, photograph, artwork, etc. that serves 

as still visual representation of an object, process, event, person, etc. (Mayer & Sims, 

1994). Also, all illustrations were electronic in nature and have either been scanned into 

electronic format or downloaded from the Internet. A majority of the illustrations are in 

.jpeg or .gif format. For the purpose of this study, illustrations were color or black and 

white and were in electronic format. 

Many of the illustrations utilized in this study were developed from the animations 

in the treatment condition. Simple screen captures or "snapshots" allowed the author to 

develop still illustrations of the identical animations that were utilized in the treatment 

group. These illustrations were also utilized in the treatment group as well. 

Illustrations precluded all animations in the treatment condition. This allowed time 

for the instmctor to explain the theoretical processes for each engine before playing the 

animation for each of the respective power systems. The only illustrations in the 

treatment group were for this purpose alone. 

Illustrations in the control group were utilized in the same manner, but all 

animation was replaced with additional illustrations (see Appendix D), This was done in 

order to ensure that both the treatment and control Power Point® presentations and 

12 



lessons were exactiy the same length. As in the treatment group, not all illustrations were 

instmctive, some were used as orienting illustrations or attention gaining devices. 

For the control group a total of 46 of the 52 Power Point® slides (Appendix D) 

contained some type of illustration. Eight of the illustrations were simple attention 

gaining devices that have no instmctional purpose, but are related to agricultural power 

technology. These illustrations were included so that every instmctional slide would 

contain an illustration. Thirty-eight instmctional-based illustrations were utilized in the 

control group, with ten of the thirty-eight being repeated in order to illustrate differing 

renditions of the same engines, as well as to equalize slide number between the treatment 

and control groups. 

The total number of illustrations for each operational theory was: four-stroke cycle 

spark ignition (reciprocating) (10), four-stroke cycle spark ignition (rotary) (9), two-

stroke cycle spark ignition (10), four-stroke cycle compression ignition (10), and two-

stroke cycle compression ignition (6). The number of illustrations for each operational 

theory was reflective of the complexity of each theory, the quality of each illustration and 

finally, the number of slides utilized by animations in the treatment condition. Finally, 

all illustrations were without sound or narration. The instmctor narrated each illustration 

in both treatment and control, 

Realia - For the purposes of this study the term realia was used to describe any and 

all actual physical parts, components, cutaways, models, etc. that may be used for the 

instmction of agricultural power technology. The realia utilized in treatment and control 

portions of this experiment consisted of actual engine components and engine cutaways. 

13 



An engine cutaway is an actual engine that has had components cut and removed in order 

to reveal the inner workings of the engine. All components were random components 

from automotive, agricultural and small engine applications and were meant to teach 

concepts that are tme to most internal combustion engines. 

The scarcity and cost of cutaways restricts the author's ability to utilize a single 

cutaway for each operational theory. Even with this lack of availability, the cutaways 

that were used were more than satisfactory for the explanation of all operational theories. 

This assumption can be made because this is the traditional method in which this course 

is taught. For example, it is impractical to have a two-stroke cycle compression ignition 

engine cutaway because of size and space restrictions, but a piston from one of the 

engines was available in order to show the engine's scale, while the operational theory 

can be taught using illustrations, animations, and engine components. Engine cutaways 

that were available include; one single-cylinder four-stroke cycle spark ignition engine 

with an "L-head" valve arrangement, one double-rotor Mazda rotary engine model 

(borrowed from Texas A&M University), one single-cylinder two-stroke cycle spark 

ignition cutaway engine (developed by the researcher) that was extracted from a typical 

line trimmer, and one four-cylinder inline four-stroke cycle spark ignition engine with an 

"I-head" valve arrangement (also borrowed from Texas A&M University). Engine 

cutaways are heavy and awkward to handle, therefore, they were demonstrated by the 

instmctor and not handled by the participants during the lessons. 

Only engine components vital to the operational theory of each engine were 

utilized. Therefore, cylinders, pistons, connecting rods, crankshafts, valves, diesel 

14 



injectors, and rotors (rotary engine) were used in the experiment. The size of engine 

components are typically less than that of a cutaway, therefore, components were passed 

around the room to students. As stated previously, all components are random 

components from automotive, agricultural and small engine applications and are meant to 

teach concepts and operations that are representative of most internal combustion 

engines. 

Immediate Posttest Score - Also referred to as a dependent variable in this study, 

the posttest score is the measure by which the effect of the independent variable is 

gauged (Gay & Airasian, 2000; Ary, Jacobs, & Razavieh, 1996). Posttests measures are 

commonly administered immediately following the treatment of an experimental unit. 

For the purpose of this study, the immediate posttest was administered directly after 

treatment in order to determine the immediate effects of the presence or absence of 

instructional animations. 

Delayed Posttest Score - Rieber (1990b) defined a delayed posttest score as a 

measure resulting from a posttest that is offered to participants following the 

administration of the initial posttest. This is done in order to measure learning decay that 

might take place from the time of the initial posttest to the delayed posttest. According to 

Gay and Airasian (2000), a delayed posttest will also provide information about the 

consistent or inconsistent effects of the independent variable on group performance on 

the immediate and delayed administration of the instmmentation. 

For the purpose of this study, the author was primarily concerned with the effects 

of animation on the retention of cognitive information presented to the study participants. 

15 



The delayed posttest was administered exactly one week after the initial posttest and 

yielded scores that could be compared to the immediate posttest scores. 

High-Level Cognitive Test Scores - A score resulting from test questions, which 

measure higher levels of cognition (Newcomb & Trefz, 1987), Cognitive classification 

systems such as Bloom's taxonomy (Furst, 1981), and Newcomb and Trefz (1987) are 

hierarchical classifications of cognitions that strive to stmcture knowledge that is the 

simplest to process to the most complex. Scores resulted from questions developed at the 

Creating and Evaluating levels of the Newcomb and Trefz classification system. As 

illustrated by the literature review and methodological section, this study utilized high-

level cognition test items in order to ascertain the effects of animation on upper-level 

thinking skills. 

Test items content classified as high-level cognitive questions were not directly 

taught during the instmctional setting, only implied. This required students to create 

and/or evaluate information presented in order to correctly answer the high-level 

cognitive test questions (Furst, 1981), Fifteen questions of the original thirty-item 

instmment were high-level cognitive test questions. Following a principal components 

analysis, six high-level cognitive questions loaded together into three factors of the final 

six-factor solution, 

Low-Level Cognitive Test Scores - A score resulting from test questions, which 

measure lower levels of cognition (Newcomb & Trefz, 1987), Resulting scores were 

from questions developed at the Remembering and Processing levels of the Newcomb 

and Trefz classification system. As illustrated by the literature review and 



methodological section, this study utilized low-level cognition test items in order to 

ascertain the effects of animation on lower-level thinking skills. 

Test items content classified as low-level cognitive questions were directly taught 

during the instmctional setting. This tested students' ability to remember and/or process 

the information previously presented in order to correctiy answer the low-level cognitive 

test questions. Fifteen questions of the original thirty-item instmment were low-level 

cognitive test questions. Following a principal components analysis, six low-level 

cognitive questions loaded together into three factors of the final six-factor solution. 

Limitations 

The study possessed the following limitations that may have restricted the amount 

of inference that may be available from the results. First, although the university does 

service a wide array of students representative of the State of Texas, the study was 

conducted with undergraduate students from one regional state university, not a sample 

from a number of institutions. Generalizations to similar treatments and populations 

must be made with caution. Second, the study utilized participants who were self-

selected, that is, the students might have represented only a cross-section of individuals 

throughout the entire university and may not have been a tmly representative of an entire 

campus or college. Another limitation the study faced was a small sample size. A 

limited number of participants were available because a ceiling of sixty students is set for 

A EN 2013 - Agricultural Power Units, Even with these limitations, the sample had the 

potential to yield information that would be beneficial to this body of selected research. 
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Significance of the Study 

A study of this type that encompasses such a discipline is significant for a number 

of reasons. First and foremost, any scholariy endeavor whose goal is to increase student 

learning and understanding of a selected body of knowledge is a valid undertaking. 

Second, numerous studies have attempted to investigate the benefits of animation for 

instmctional settings, unfortunately, empirical consistencies have not been established 

because of methodological problems or because of an improper philosophical approach to 

the application of animations (Agnew & Shinn, 1990; Rieber, 1990a, 1990b, 1991; Mayer 

& Anderson, 1991; Park & Hopkins, 1993; Hall, 1996; Kehoe, Stasko, & Taylor, 2001). 

This study was an addition to the select body of knowledge and took into consideration 

recommendations from prior authors concerning methodology and the proper 

philosophical application of animations. Finally, if animations were a significant 

contributor to increased learning in the area of agricultural power technology, the benefits 

to student and instmctors have the potential to be widely difllised to other institutions. 

Other significant aspects of the study are related to the development of higher order 

thinking rather than simple recall. The study investigated the effects of animation on low 

and high-level cognitive questions. Animations have the potential to allow teachers to 

challenge students to think at elevated levels while still retaining the required recall 

information (Back & Layne, 1988; Agnew & Shinn, 1990; Rieber, 1990a; Rieber, Boyce, 

& Assad, 1990; Mayer 8c Anderson, 1991, 1992; Park &. Hopkins, 1993; Williamson & 

Abraham, 1995; Nicholls, Merkel, & Cordts, 1996), 



Finally, this particular investigation breaks new ground for animation research in 

agricultural education and agricultural mechanization/engineering education. Few 

similar studies exist (Pertitt & Shinn, 1981; Agnew & Shinn, 1990; Dooley, Stuessy, 

Magill, & Vasudevan, 2000) that measured learning effects related to visualization 

aspects in agricultural education and agricultural mechanization/engineering topics. 
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CHAPTER 11 

REVIEW OF RELEVANT LITERATURE 

Introduction 

This review of literature was developed in order to identify the bodies of research 

and knowledge that are appropriate to the study, as well as to develop appropriate themes 

of significance through summarization. The review emphasized the theoretical 

foundation for the investigation as well as the visual variables that are the impetus of the 

study. Other important literary considerations were addressed in each main section. 

Learning Theory: A Dual-Coding Approach 

As described in the theoretical framework of Chapter I, the Dual-Coding Theory 

(DCT) is a set of assumptions and hypotheses concerning the origins and the stmctural 

and functional properties of mental representations, Allan Paivio first introduced DCT in 

1971 in Imagery and Verbal Processes. However, the bulk of this review will focus on 

his modifications and extensions to DCT that were made in 1990. Descriptions for DCT 

will also be offered from Clark and Paivio (1991). 

"DCT explains psychological phenomena by the collective action of non-verbal 

and verbal mental systems that are specialized for the processing of imagery and 

linguistic information, respectively" (Clark & Paivio, 1991, p, 150). Paivio (1990) 

described DCT in brief as a general view of cognition that consists of the activity of 

symbolic representational systems that are specialized for dealing with information from 
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one's environment in a manner that serves frinctional or adaptive behavioral goals. It is 

implied that perception, judgment as well as behavioral knowledge are all incorporated 

into the process in order to input and output information through two distinct channels, 

verbal and non-verbal. 

DCT's most general assumption is that there are two subsystems that are utilized 

throughout cognition. One that is specialized for the representation and consumption of 

information that is non-verbal objects or events and one that is tuned directly to language. 

"Dual-coding theory (DCT) explains human behavior and experience in terms of 

dynamic associative processes that operate on a rich network of modality specific verbal 

and non-verbal (or imagery) representations" (Clark & Paivio, 1991, p. 149). Both 

subsystems are stmcturally and functionally distinct, that is, each utilizes a set of 

differing representations structurally as well as ftmctionally. While each are independent 

of one another they are also interconnected because one system has the ability to activate 

another. Each system is responsible for the processing of information through encoding, 

recoding, organization and elaboration, transformation, manipulation and retrieval. 

DCT itself is structurally hierarchical in nature (Figure 2.1) with the first division 

consisting of the two avenues of verbal versus non-verbal information. Next, an 

expansion is made for the consideration of sensorimotor systems and finally each 

sensorimotor sub-system is divided into representational units known as logogens and 

imagens. 
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Figure 2.1: Hierarchical conceptual stmcture of the Dual-Coding Theory, 
*P^ddipied from Mental Representations: A Dual-Coding Approach, Pavio, 1990. 

The guiding theoretical assumption poses that mental representations have roots in 

perception, sensorimotor, and affective experiences. This implies that there is continuity 

between behavioral skills and cognitive skills (doing and thinking) as well as between 

perception and memory. The verbal and non-verbal avenues for cognition contain the 

perceptual and behavioral information required to make representations of newly 

acquired information and organize it into its appropriate modality. Therefore, as we 

encode information, it is assumed that adequate representational information inherently 

exists that allows the individual to stmcture information as verbal or non-verbal. 

"Dual-coding theory is basically about the nature of symbolic systems'" (Paivio, 

1990, p. 56). In DCT, it is assumed that the symbolic systems are a derivative of the 

sensorimotor systems, thus the third level of the hierarchical theory is established. Table 
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2.1 illustrates the orthogonal relationship that exists between the symbolic verbal, non

verbal systems and the sensorimotor systems. 

Table 2,1: 

Conceptual Relationship Between Symbolic and Sensorimotor Systems 
Symbolic Systems 

Sensorimotor Verbal Non-verbal 
Visual Visual words Visual objects 
Auditory Auditory words Environmental sounds 
Haptic Writing patterns "Feel" of objects 
Taste Taste memories 
Smell Olfactory memories 

* Adapted from Mental Representations: A Dual-Coding Approach, Pavio, 1990. 

Therefore, it can be assumed that language in the verbal system is not restricted to 

auditory words alone because writing is a physical aspect of language, just as sign-

language is a physical language for the deaf The non-verbal system is no different, it 

consists of subsystems as well because complex physical objects can be identified by 

more than one sensorimotor modality. Finally, the dominance of one system or another 

for individuals principally exists because of that individual's prior experience with any 

given system, which is of course different for many people. 

The terms imagens and logogens serves mainly to distinguish the hypothetical 

cognitive representations from their expressions as consciously experienced images and 

inner speech, or overt behaviors such as drawing and speech. Therefore, the development 

of the final hierarchical level of the theoretical dual-coding model is formed as yet 

another subsystem that serves as a combination of select sensorimotor modalities, 

Imagens correspond to natural objects, subparts of a whole, as well as natural groupings 

of objects. They are not restricted to static objects either, imagens can be dynamic and 

variable in makeup. An example are the parts of the human face, which has numerous 
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subparts that create the whole. This example also illustrates the synchronously organized 

hierarchical structure of imagens. The parts of the face are not in a sequential order when 

viewed from different angles and the parts are hierarchical in that they belong to a larger 

whole. Logogens are verbal stmctures that differ from imagens in internal stmcture so 

that smaller units are organized into larger units in a sequential or successive fashion, just 

as with speech, appropriate words follow one another. Examples include syllables as 

parts of words and words as parts of sentences. 

With stmctural considerations of DCT made, one looks to a number of assumptions 

that are intricate to the verbal and non-verbal systems. First, it is assumed that both the 

verbal and non-verbal systems are independent but at the same time are interconnected. 

That is, there is a distinct difference between verbal and non-verbal modalities, but the 

key interconnection factor associated with DCT is that memory units (imagens or 

logogens) can be triggered by one another across symbolic systems. To be considered 

next is the within system relationships that exist for the verbal and non-verbal systems. 

Each system has distinct associative processes that allow the activation of like 

information. For example, within the verbal symbolic system, word association exercises 

are an example of how a given word can trigger or activate another related word. In the 

non-verbal system, similar looking people may remind you of someone else that you are 

familiar with, or a taste, touch, or smell might elicit similar modality specific sensations. 

These relationships are referred to as associative connections within the DCT symbolic 

systems. 
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With the stmctural aspects as well as DCT assumptions discussed, discussion turns 

next to the processing operations of the theory. As a topic of focus in chapter 1, DCT 

was presented from a procedural viewpoint, a more in-depth description is now given. 

Figure 2,2 illustrates the processing operations involved in DCT 

Verbal Stimuli Sensory (Visual) Stimuli 

I ; 

Sensory Svstems 

i Representational Coraiections 

3> Verbal Svstem 

o 
c^^J.. 

^ Language Referential 
Cormections 

Visual System J> 
m 
C/) 
O 
O 

C^ Images 

Verbal Cognition/Recall/Response Non-verbal 

Figure 2,2: A dual-coding model for processing verbal and non-verbal symbolic 
systems. Adapted from Mental Representations: A Diial-coduig Approach, Pavio, 
1990. 

The activation of representational connections is the first concern for the dual-

coding process. Mental representations are of course directly developed from 

corresponding sensorimotor activation, but the representation of the two symbolic 

systems do have distinct differences. Representational processing refers to the relatively 

direct activation of verbal representations by linguistic stimuli and of non-verbal 

representations by non-lingual stimuli. For both systems, the individual's prior 
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knowledge and experiences are key to the process of representational connections. Also, 

the concreteness of any sensory stimuli is important for representation to occur, that is, 

abstract words or images will not connect representationally as well as concrete 

information. Some distinctions for both systems include the fact that verbal 

representations must occur in sequence in order to be properly processed, while non

verbal representations can be encoded in parallel of one another or simultaneously (i.e., 

"a picture is worth a thousand words") (Clark & Paivio, 1991). Also, mental images can 

be cognitively transformed, while this is not possible with verbal representations, (Clark 

& Paivio, 1991). 

"Referential processing refers to the activation of the non-verbal system by verbal 

stimuli or the verbal system by non-verbal stimuli" (Paivio, 1990, p. 69). These 

crossover activations between symbolic systems are those that allow the imaging of 

words and the naming of pictures (Clark & Paivio, 1991). These connections have found 

particular significance in education because more referential connections made between 

the verbal and non-verbal for one specific subject will greatly increase the chances of 

later recall (Clark & Paivio, 1991). 

Finally, and as mentioned earlier, associative processing is the connection of like 

information within symbolic verbal or non-verbal systems. Images may be linked to 

other non-verbal sensory stimuli or words may be associated to other words in a 

associative or hierarchical sense (Paivio, 1990). 

The three processing connections are not individualized, many of the everyday 

tasks individuals perform require a combination of all three processing methods. For 
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example, the process of bumping into an old friend requires that the individuals call upon 

their prior knowledge of the relationship through mental images or through verbal 

transaction (representational processing). During the conversation, your friend may 

mention the "nickname" of another friend, which may trigger a mental image of that 

person's face (referential connection). Finally, mental images of the third friend could 

possibly trigger non-verbal cues related to olfactory sensations that resulted from a 

particular type of perfume that was typically worn by the third individual (associative 

connection). 

Empirically, much work has been done in education, educational psychology, and 

curriculum development that reinforces the merits of DCT. For the purpose of this 

literature review, the merits of the theory are unparalleled because of the extensive 

utilization of DCT in animation research. DCT has been and remains the primary 

theoretical framework utilized by investigators in this empirically unsound area of 

research. The DCT in animation research is a sound theoretical scaffold, as pointed out 

by the numerous findings of Mayer and Rieber, which have been spelled-out eariier in 

this review. 

Multiple verbal and imaginal representations, the complex referential and 
associative network, the effects of history and context, and the subtle effects 
of spreading activation all combine to permit powerful models to be built for 
diverse psychological phenomena. A DCT model, in essence, consists of 
hypothetical networks of verbal and non-verbal representations and 
descriptions of the mediating patterns of activation (i.e., the states of the 
network) that intervene between stimulus and response events. The specific 
ways in which verbal and non-verbal mechanisms contribute to performance 
will vary with the task, stimulus characteristics, past and present events, and 
individual differences. (Clark & Paivio, 1991, p. 157) 
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Animation Research 

Previous Literature Reviews 

Statements concerning inconsistencies of the effects of animation on learning are 

one of the most consistent attributes of the research available for review in this area. 

Both of the following studies are valid attempts by their authors to review and identify 

consistencies, inconsistencies, themes, and methodological or philosophical attributes in 

animation research that may reveal some reasoning for the conflicting results that exist. 

Also, both studies are quite exhaustive literature reviews in themselves, which aids in the 

collection of information for this review of literature. 

Empirical evidence concerning the effects of animation on learning has been 

inconsistent to say the least (Park & Hopkins, 1993). In a 1993 study devoted to 

reviewing available literature related to dynamic versus static visuals. Park and Hopkins 

found that out of 27 studies included in their review, 15 issued support for the superior 

effects of dynamic visual displays, while the remaining 12 studies found no significant 

differences. The study grouped all dynamic visuals such as films, television, interactive 

videodiscs, computer-based animations, pop-in labels, arrows, etc., and labeled the 

grouping dynamic visual displays or DVDs in comparison to static visual displays or 

SVDs (still pictures, drawings, illustrations, and objects). While the study did not focus 

directly on computer generated animations alone, it did focus on some of the basic 

problems that could be attributed to inconsistencies that have been common to the 

research in this area. The authors point out that the researchers' conceptual approaches to 

investigating dynamic visual displays may be the most significant factor attributed to the 
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inconsistencies. The authors first build a case for the correct classification of 

psychological paradigm in which many of the studies were conducted. 

Many of the early studies that were conducted before the mid-1970s subscribed to a 

more behavioralistic philosophy rather than a cognitive approach, which tended to yield 

significant results because the studies focused on procedural tasks requiring motion in a 

series of steps as well as cognitive understanding of concepts. The cognitive approach, 

which was utilized in many of the studies after the mid-1970s were unable to find 

significant effects because the cognitive paradigm does not provide strict guidelines for 

the use of visuals, as well as the fact that many of the researchers utilized dynamic 

visuals without clear justification, logical or theoretical, for the use of such displays in the 

areas being studied. For example, dynamic visuals were applied to random cognitive 

content such as basic mathematical problems or poem writing, which are not physically 

dynamic by nature. This approach contradicts the behavoiralistic philosophy that insists 

that dynamic visuals are to be applied only to content that is dynamic in nature or can be 

explained in a dynamic fashion. Therefore, when dynamic displays were utilized in a 

cognitive-based paradigm and were utilized in an appropriate role, dynamic visual 

displays were found to be superior to that of static visual displays. This appropriate role 

is associated with the strategic application of dynamic visuals for the learner and the 

learning task. 

Park and Hopkins (1993) point-out that this type of visual must be used with care. 

Educators should be aware that DVDs may: gain student's attention, distract learners 

with motion, need to be played at a proper speed, fijrther confuse novice learners, and 
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need narration that accompanies the displays. Finally, the authors indicate that the largest 

shortcomings of the studies that found the learning effects of dynamic displays to be 

equivalent to static displays are that these studies failed to consider the expertise of the 

learner, cognitive levels in which the material to be learned is taught and the specific 

abstract characteristics of the material being taught. Park and Hopkins conclude that 

when these three characteristics were used as a guide in the research that they reviewed, 

significant results were found supporting dynamic displays. 

Several specific applications of dynamic visuals have been successfijl when applied 

in research situations (Park & Hopkins, 1993), First, when students were introduced to 

abstractions or material that would be hard to conceptualize, dynamic displays were 

superior. Second, when students approach upper-level learning tasks, such as problem-

solving situations, dynamic visuals are beneficial. Third, when students learn concepts 

related to procedural operations of a system or how things work, the learning effects 

offered by dynamic visuals are greater to that of static displays. Fourth, when systems 

are invisible or difficult to see by the learner, dynamic displays are once again better than 

static displays. Finally, dynamic displays such as animation can be an aid for verbal 

communication, and in some situations can serve as an effective replacement. 

Finally, Park and Hopkins concluded with a typology for the utilization of dynamic 

visuals by listing the instmctional roles of and instmctional conditions for dynamic visual 

displays in the instructional setting. The instmctional roles that a dynamic visual might 

play is that of an attention gaining device, a procedural visual aid, a representation of a 

domain of knowledge that may include motion and trajectory, a device that can aid 

30 



students in forming mental imagery, and finally, a visual cue or analogy that can aid 

students in understanding abstractions or symbolic processes. Instmctional conditions 

that benefit from the use of dynamic displays include the demonstration of a procedure or 

sequence, the development of simplistic models that represent complex systems, 

revealing invisible or hidden processes that students cannot view, assisting instmctors 

with the explanation of a task that is difficuh to explain verbally, the provision of a visual 

cue as an analogy or guide for prediction, finally a dynamic display may be used in 

situations in which students' attention must be focused on a single task rather than an 

entire system (Park & Hopkins, 1993). 

In a similar study, Rieber (1990a) sought to establish empirical and theoretical 

footing for the use of animation in computer-based instmction (CBI). Rieber reiterated 

many of the common themes that surround the use of animation such as the popularity 

among instmctors and students, the misuse of animation, and underestimation of learner 

or content requirements when considering the application of animation. Rieber parallels 

the instmctional roles that are spelled-out by Park and Hopkins but condenses these roles 

into generalizations that provide three broad flinctions of animations, which are attention 

gaining, presentation, and practice. 

According to Rieber, most research on animation has been conducted on 

presentation effects, mle learning and problem solving, with little research conducted on 

the utilization of animation as a practice strategy or attention gaining device. As Rieber 

summarized empirical research that has been collected, three recommendations are 

developed for the use of animated visuals in instmction. Recommendation one states that 
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animation should only be used when its attributes of visualization, motion, and trajectory 

are important to the material being learned, also if only visualization is required, no 

differences exist between static illustrations and animations. Learning benefits from 

animation are possible if visualization, motion, and trajectory are integral to the lesson, 

but may still be undermined by over complicated material, poor instmctional design, or 

the inability of students to draw the desired concepts from the animations. 

The second recommendation given by Rieber involves novice learners not having 

the ability to key on relevant cues or details offered by animations. If students are not 

familiar with a content area, chances are that an animated visual will do more to distract 

students or hinder their learning rather than aid in learning. Finally, the third 

recommendation offered by Rieber relates to the use of animation as an interactive tool 

for student learning, Rieber points out that interactivity and practicing with animation is 

an area that offers much to student learning because of the control and feedback options 

that can be utilized by the student, as well as the fact that this is an area that has great 

growth potential. 

The Research of Mayer and Rieber: 
Foundational Research for the Current Study 

As one examines much of the empirical research regarding the use of animation in 

education, two authors consistently appear in searches, reference lists, and citations 

throughout the literature. Mayer and Rieber have studied extensively many of the 

different aspects related to animation in education, /Uthough both authors' research is 

focused in slightly different areas, their work tends to complement one another's as well 
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as the body of knowledge that they support. This complimentary relationship may be 

explained better by fijrther investigation of their chosen discipline. Mayer, a professor of 

psychology, and Rieber, an educational technologist, both perform research that tmly 

parallels and compliments one another without conflict. Other similarities include a 

parallel subscription to Paivio's dual-coding theory for theoretical footing as well as the 

use of purely experimental research designs. The following are reviews of the research 

of Richard Mayer and Lloyd Rieber. 

In a review of previous research conducted in his own laboratories a the University 

of California, Santa Barbara, Mayer (1989a) gathered his previous findings related to 

conceptual models in the education process. It should be noted that this piece of research 

is not an investigation into the benefits of animation, but it is a foundation study that 

predicts the benefits of the added dimension of motion to conceptual models. The nine 

studies reviewed in the research contain twenty-one experiments related to the benefits of 

conceptual models (diagrams with pictures and words explaining a process) to learning. 

The focus of the research is to further hypothesize the benefits of conceptual models that 

were either presented before or during a lesson. Hypotheses included: (1) students who 

view conceptual models will retain more concept information than those who receive 

only textual instmction, (2) because they build their own conceptual understanding, 

students who view conceptual models will retain less material verbatim than students 

who receive only textual instmction, and (3) students who view conceptual models are 

able to generate a greater number of creative solutions to problem solving transfer 

situations. In both conditions, model before or model during instmction, all hypotheses 
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were proven to be valid. Reported as median increase or decrease percentage scores, 

students across all studies who viewed conceptual models performed 57% greater in 

conceptual recall, 14% lower on verbatim retention, and 64% greater on problem solving 

transfer. These findings are consistent with the existence and benefits of referential 

connections included in the dual-coding theory. Also, the author makes note that these 

conceptual models are best suited for individuals who have low prior knowledge in a 

subject as well as low aptitude for the subject. This will also be a common theme for 

much of the research focusing on the effectiveness of educational animations. Finally, 

many of the conceptual models utilized in this review were the static predecessors of the 

educational animations that Mayer would later test. 

In an experimental test of the dual-coding hypothesis, Mayer and Anderson (1991) 

investigated the need for narrations with animations. Three experimental studies tested 

the effects of placing narration before or during an animation on a problem-solving test 

(n=30), the effects of placing narration before or during an animation on a recall test and 

problem-solving test (n=24), and finally the effects of presenting information with words 

only, pictures only, or a combination of the two on a recall and problem-solving test 

(n=48). The latter experiment tested for representational and referential connections 

associated with the dual-coding theory. All subjects were mechanically naive college 

students and the material that was presented was mechanical in nature (how a bicycle 

pump works). Subjects in treatment groups were exposed to a 30-second animation of 

how a bicycle tire pump works, which was repeated three times for a total treatment time 

of 90 seconds. 
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The results of the first experiment supports referential connections associated with 

the dual-coding theory in that the presentation of animations with a simultaneous 

narration yielded significant results on a problem-solving test. The second experiment 

did not yield significant differences between the words with animation group and the 

words before animation group on a recall test, which indicates that narration before or 

during an animation will adequately develop representational connections in learners. 

The second experiment did however offer significant differences on the problem-

solving test for the words during an animation, which once again suggests that a student's 

problem-solving abilities was bolstered if narration is provided during an animation. 

This finding supports the findings of the first experiment that the development of 

referential connections are increased when words and animations are presented 

simultaneously. 

The final experiment yielded significant results on the problem-solving test for the 

group that was instmcted with words and animation in comparison to the other two 

groups who were exposed to pictures only or words only. This finding also supports the 

findings of the first and second experiment, development of referential connections is 

increased when words and animations are presented simultaneously. Finally, significant 

differences were also detected on the recall test for individuals who received words with 

animations and words only, that is, more representational connections were made by 

students who were in these groups in comparison to the control group and the pictures 

only group. This study is significant in that it repeatedly offers support for the dual-

coding theory and the superiority of offering students information verbally and visually in 
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a simultaneous fashion, and that animation without narration can have the same effect as 

no instmction at all. 

In another study titled. The Instructive Animation: Helping Students Build 

Connections Between Words and Pictures in Multimedia Learning, Mayer and Anderson 

(1992) performed two more experiments with college students in order to determine if 

different combinations of animation and narration would have effects on retention or 

problem-solving performance. Mechanically-naive college students (n=136 & n=144) 

were utilized as participants for the two experiments which utilize a computer-based 

lesson concerning the workings of a bicycle tire pump or a standard dmm brake common 

to many vehicles. Both experiments utilized 90 seconds of treatment during this 

computer-based lesson. 

The first experiment tested the development of representational connections on a 

retention test for combinations of narration and animation in a lesson describing how a 

bicycle tire pump works (Treatment 1: narration offered concurrently with animation. 

Treatment 2: animation/narration/animation/narration/animation/narration. Treatment 3: 

narration/animation/narration/animation/narration/animation. Treatment 4: 

animation/animation/animation/narration/narration/narration. Treatment 5: 

animation/animation/animation, narration/narration/narration, and no instmction 

[control]). All treatment groups differed significantiy from the control group, but did not 

differ significantly from one another. This finding suggests that all of the treatments 

offer the same amount of support for the development of representational connections on 

a recall-type test, A problem-solving test was utilized as a second dependent variable. 
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Results indicate that a significant difference existed between all of the groups in 

comparison to the group that received narration and animation concurrently. This finding 

supports other findings that the development referential connections in the dual-coding 

theory are greatly increased when words and animation are offered at the same time. 

The second experiment was a replication of the first with a difference in the lesson 

content, a lesson describing the workings of a vehicle's dmm brake was utilized. Results 

of the second experiment were consistent with the results of the first. The authors 

conclude that for animations to be fiilly effective, narration must simultaneously 

accompany them in order to increase higher level learning tasks such as problem solving. 

Also, the separate use of narration or animation is adequate for the development of 

representational connections, which are adequate for cognitively lower level simple recall 

tests. As mentioned previously, representational and referential connections are those 

connections associated with the dual-coding theory. Representational connections are 

those connections made within the verbal or visual codes alone, while referential 

connections are those connections made between the verbal and visual codes. 

In two experiments, Mayer and Sims (1994) investigated the effects of animation 

on high and low spatially oriented undergraduates (n=86, n=97). In both experiments, 

participants viewed computer-generated animations with different narration, concurrently 

and successively. Prior to experimentation, participants were identified as high or low 

spatially oriented learners. On completion of the experiment, participants were asked to 

answer problem-solving questions related to the animation that was viewed. In all cases, 

individuals in the animation with concurrent narration groups performed significantly 
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better. The major findings that resulted from the experiments include added support for 

the dual-coding theory. Learners with little prior experience benefit from the effects of 

animation more than experienced learners, also, learners with high spatial abilities benefit 

at a greater rate from animation than do low -spatial learners. 

In a study that echoes the findings of the previous investigation, Mayer (1997) 

reviewed subsets of multimedia research in order to establish trends in the findings 

related to multimedia and the dual-coding theory. Eight studies were reviewed that 

investigated the effectiveness of multimedia instmction as a whole. Students who 

received multiple forms of classroom media performed significantly better on problem-

solving tests than did students who received only one form of instmction. Furthermore, 

ten studies were reviewed on the basis of contiguity effect, that is, the simuhaneous 

application of verbal and visual instmction. Participants in these integrated groups 

performed significantly better on problem-solving transfer tests than did students who 

received multimedia instruction that was stmctured with visual and verbal information 

separated. Finally, six studies were examined which focused individual attributes of 

students when a particular multimedia treatment was offered. Findings indicated that 

participants with low prior knowledge of a topic and high spatial abilities benefited the 

greatest. 

The research conducted by Rieber focuses more on how cognition is affected by the 

areas of attitude toward animations in the instmctional setting and the utilization of 

animations as a practice or intrinsic learning tool. Rieber and Hannafm (1988) 

investigated the effects of textual and animated orienting activities as well as practice on 

38 



learning in computer-based lessons. The researchers utilized fourth, fifth and sixth 

graders (n=l 11) in this experimental design in order to determine if animated computer-

based lessons combined with practice activities would yield superior results for one of 

two types of learning outcomes (mie-using or problem-solving). A 24-item multiple-

choice posttest, which yielded a reliability coefficient of .83 (KR-20), was utilized as the 

dependent variable. An analysis of covariance was the chosen analysis and utilized a 

standardized achievement test score as a covariate. There were no main effects in the 

analysis and the results suggest that orienting activities, whether text-based or animated, 

do not exert particularly powerfLil influences on learning. The research is mentioned in 

this review primarily because the approach that the authors take is philosophically sound 

(Park & Hopkins, 1993). The topic (Newton's Laws of Motion) is somewhat of a 

difficult concept to grasp because it cannot be readily seen or taught without some form 

of graphical or physical representation and the topic is dynamic in nature. Finally, it 

should be noted that since this research has been conducted, the quality and detail 

involved in educational animation has increased exponentially. 

Rieber, Boyce, and Assad (1990) studied the combined effects of static graphics, 

animation, and no graphics along with behavioral, cognitive, and no practice on a 

muhiple-choice posttest taken by 141 upper-level undergraduates. The study included an 

attitudinal survey that collected information in reference to what students felt about 

aspects of the lesson being helpfiil or not helpfiil. Finally, time taken by students to 

complete the posttest was measured as well. All lesson groups studied Newton's Laws of 

Motion and were broken into different levels for a 3 x 3 x (6) factorial analysis. The 
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levels where inserted into computer based lesson that taught students the content utilizing 

static graphics, animation, or no graphics. After the lesson, the students were given a 

practice session that were labeled by the authors as behavioral in nature (five multiple-

choice questions) or cognitive in nature (students controlled a stmctured computer 

simulation). A simulation is a representative activity that allows a student to partially 

experience a task, phenomena, event, etc., without the requirement of being in the 

simulated time or place. 

For the purpose of this study, simulations were physical simulations or computer 

animated simulations. Following a practice session, students took a 32-item multiple-

choice posttest that was created according to the objectives of the lesson. The lesson 

objectives were progressive, that is, students had to comprehend one objective in order to 

move on to the next, with the final objective only being inferred in the lesson. The final 

objective was only implied and was designed to measure incidental learning effects or 

higher-level learning. Upon completion of the posttest, students were administered the 

attitudinal survey, which asked for open-ended responses in regards to how the lesson 

helped or hindered the learning of the material. The lesson, practice session, posttest and 

survey all took approximately one hour to complete. Results of the study indicate that 

any kind of practice, (cognitive or behavioral) is significantly better than no practice 

when measuring posttest achievement, while there were no differences between 

behavioral and cognitive practice. Significant differences were also detected when 

practice was not provided after the computer-based lesson that utilized animations only, 

that is, if practice is not provided, animations are the superior media type. When 
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considering response latency, students in the animated graphic group took significantly 

less time to complete the posttest than any other group, which suggests that animations 

tend to assist in recall from long-term memory or that students processed the information 

at deeper cognitive levels, this finding offers support to the dual-coding theory. The 

qualitative analysis of the open-ended responses to the attitudinal survey revealed that 

students believed that the motion in the animation helped their learning of the material. 

Rieber, Boyce, and Assad (1990) concluded that animation may not be as beneficial for 

adults because of their prior experiences, but are beneficial in certain content specific 

areas. 

In an almost identical study, Rieber (1990b) utilized the same lesson content and 

methodology as above, but measured the effects on fourth- and fifth-grade students 

(n=l 19). Results of this study indicate that students in the animated graphic condition 

scored significantly higher than students in the control or static graphic group. Cognitive 

practice was significantly better than no practice, but was not significantly better than 

behavioral practice. There were no significant differences between no practice and 

behavioral practice. An interesting result related to the hierarchical objectives, 

specifically objective six, showed a marginal effect (p < . 10) in that students in the 

animation group performed better on this objective, which was inferred in the lesson. 

Therefore, students in the animation group received more incidental learning than did the 

other groups. An interaction effect was detected for animation and practice, students did 

not benefit from practice unless it was accompanied by an animated visual in the lesson. 

The authors summarize their research by offering some conditions in which animation 
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can be effectively used to elaborate a lesson's content. The conditions are: (1) using 

animations to teach concepts that require motion and trajectory, (2) the use of animation 

with course content that is challenging, but not overiy difficult, (3) instmctors should call 

attention to the specific motion and trajectory concepts in each animation, and (4) the use 

of animation with a variety of teaching methods and aids. 

In the previous study, Rieber (1990b) called for continued research on the effects of 

animation on incidental learning. The study revealed a mild effect for incidental learning 

due to animation. In a continuation of his research, Rieber (1991) investigated the 

relationship between incidental learning and animation, as well as the effects that 

animation may have on student motivation. The experiment utilized 70 fourth-graders 

who studied a computer-based lesson that taught concepts related to Newton's laws of 

motion. Subjects were exposed to the computer-based lesson with either a static graphic 

or animated graphic supplement, which was broken into four sessions. Each session was 

approximately 30 minutes long and accounted for 2 hours of treatment and testing over 

ten days. Following each lesson, two practice activities that consisted of multiple-choice 

questions and a computer simulation was given to participants in alternating order. The 

posttest was administered in two parts, after the appropriate lessons and then two days 

later in order to measure learning decay. After the second administration of the posttest, 

students were given a choice of studying with practice questions, computer simulation, or 

a word puzzle, this was done in order to measure continued motivation. Results related 

to the purpose of this review of literature include a main effect that revealed that students 

in the animation group performed significantly better on the questions designed to 
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measure intentional and incidental learning (concepts that were not taught), but at the 

same time were more prone to scientific misconception due to the unrealistic nature of 

the animations. Also, 60% of the participants chose to utilize a computer simulation as a 

study tool rather than using a puzzle or practice questions. 

In an experimental study of learner interaction with computer-based instmction 

when given graphical or textual feedback, Rieber (1996) sought to identify the benefits of 

animation as an immediate feedback tool. In two experiments, which utilized college 

students (n=40, n=49), the researchers had participants attend to a computer-based 

simulation that was discovery-based in nature and focused on physics concepts. As the 

computer-based lesson began twelve multiple-choice pretest questions were 

administered, following the treatment the same test was administered by the computer as 

a posttest. Posttest reliability estimates for experiments one and two were .66 and ,57, 

respectively. Results indicated significant main effects were detected between 

participants who received animation feedback or animation with textual feedback in 

comparison to participants who received textual feedback only. This finding supports the 

presence of referential connections associated with the dual-coding theory. 

Related Research in Agricultural Education 

Few studies in agricultural education have focused on the effects of animation on 

the learning environment or how students can benefit from animation. The author was 

able to identify two studies in agricultural education related to this area of research. 
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While both studies offer valuable and valid information, neither follows many of the 

trends offered by most animation research. 

Agnew and Shinn (1990) sought to discover the cognitive effects of simulation on 

cognitive achievement in agricultural mechanics. The study did not utilize a computer-

generated animation, rather, a hands-on simulation was utilized to replace the information 

and materials that would be utilized in the control group. The researchers examined the 

effects of simulation on an immediate and delayed posttest as well as the effects of 

simulation on low-level and high-level posttest questions. This experimental study 

utilized 230 high school agricultural science students from eleven different schools in 

Mississippi. Two groups were established in the experiment, the conventional (control) 

group, which would study a lesson covering power trains and dc electronics utilizing a 

tractor or power train (realia), and a treatment group that would utilize a simulation 

activity to teach the same material. The treatment and testing lasted for one instmctional 

week or 10 clock hours. The authors also utilized a mechanical aptitude test score that 

was derived from the Science Research Associate's (SRA) Test of Mechanical Concepts 

as a covariate. Results indicated that there were no significant differences between any 

combination of immediate or delayed testing and cognitive levels of questioning. The 

authors concluded that simulation could be utilized as a cost-effective replacement for 

realia and there should be littie concern for a loss of cognition. 

In a more recent study, Dooley, Stuessy, Magill, and Vasudevan (2000) 

investigated the effects of animation on cognition and affective attributes of 

undergraduate students (n=63) studying biochemistry concepts related to agriculture. 
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This study differed in that it applied animation as a take-home study tool for students to 

utilize as they saw fit, therefore, there was no consistent treatment time for students, and 

the study was conducted over one long semester (3 months). Also, the study was not 

experimental and applied a different theoretical framework. 

The Cognitive Complexity of Conceptual Learning, which utilizes conceptual 

themes as pedagogical "hooks" to prior knowledge and is organized into themes 

according to conceptual learning goal emphasis (CLGE). Five themes, which are 

somewhat similar to Bloom's levels of cognition, based upon CLGE were developed: 

Stmcture, Interaction, Change, Energy and System. The mixed-method study utilized 

quantitative data in the form of number of animations viewed, final course grades and 

student GPA, and qualitative data in the form of open-ended responses related to 

questions about the animations. Results from the quantitative data showed that for all 

students in the course, student GPA and the number of animations viewed were 

significant predictors of final course grade. Also, for students with lower GPA's the 

number of animations viewed was a reliable predictor of final course grade, while 

students with higher GPA's did not require the use of animations for a higher course 

grade. The qualitative data revealed a richness of student perception of animations that 

previous quantitative studies did not offer. Students liked using the animations and noted 

that they were helpful, easy to use, and beneficial to their understanding of the concepts 

being taught. The data also revealed that students wanted narration during the animation, 

which could have increased cognition. This finding could have been avoided and added 

into the design because narration in parallel with animation increases referential 
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connections in cognition (Mayer & Anderson, 1991; 1992), Students also had the desire 

to apply more control over the animations they were viewing. 

Miscellaneous Animation Research 

In a 1982 experimental investigation into the effects of graphics vs, animation as an 

instmctional tool, Peters and Daiker tested the merits of animation in a computer-based 

chemistry lesson developed for undergraduate chemistry majors. The researchers utilized 

randomly selected undergraduates (n=46) from the introductory chemistry course, which 

had approximately four hundred students enrolled. The participants took a pretest, 

worked with the computer-based lesson for approximately one-hour, and finally took a 

posttest. This is one of the weaknesses found in the study, participant posttest scores 

could have easily been affected by the adjacent application of a pretest. Also, no 

information was reported concerning the pretest, posttest, or reliability estimates. The 

study found no significant effects that were related to the use of graphical animations. 

This piece of research is however included in this review because of the important 

philosophical application of animation in an educational setting. The authors of the 

research discovered that the animation may have contributed to student's enjoyment of 

the lesson, but did not assist in learning because the students saw no clear connection 

between the curricula and the animations presented. "In brief, we concluded that the 

animation had no measurable direct effect on test scores because it was not focused 

carefiiUy enough on the inferred objectives" (p. 12). Although the animations were 
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utilized with a topic that would be invisible and vague in nature, the animations failed to 

represent the most graphically dependent portions of the lesson, 

Baek and Layne (1988) investigated the effectiveness of color, still graphics and 

animation on cognitive performance for 119 high school students. The experiment split 

students into six groups that resulted from a 2 x 3 factorial design, and required the 

students to participate in a 20-minute computer-based lesson covering the mathematical 

mle for average speed. The students were administered a pretest one day before the 

application of the treatment and posttest. Questions on the pretest were in a different 

order than that of the posttest. The lesson treatment combination consisted of either a 

black and white or a color screen for the individual's computer and a lesson that was 

developed using text only, still graphics and text, or animations and text. The dependent 

variables for the study consisted of the posttest score and the amount of time required to 

complete the lesson. The posttest was a researcher-developed instmment with a 

combination of multiple-choice, short answer, and problem-solving questions. Results 

indicated that, on the posttest, students in the animation group significantly outperformed 

students in the still graphics and text only groups, while the still graphics group 

performed significantly better than the text only group. Another main effect was detected 

which indicated that students in the animation group took significantly longer to complete 

the lesson content than did the other groups. This was attributed to the extra amount of 

time students used to view the animations. 

Chemistry concepts are excellent examples of abstractions that students must be 

able to develop mental models of in order to comprehend certain phenomena (Williamson 
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& Abraham, 1995), In a study that explored the effects of computer animations depicting 

the particulate nature of matter on college students' mental models, Williamson and 

Abraham (1995) sought to better understand the role that animation could play in 

unlocking the abstractions of chemical phenomena. This experimental investigation 

utilized undergraduates (n=124) who were enrolled in an introductory level chemistry 

course. The investigators utilized animations as visual teaching aids in large lecture 

classrooms and as lecture and assignment supplements in a laboratory setting, treatment 

lasted for ten lecture periods. Participants were subjected to treatment and were then 

tested using tests for conceptual understanding, course achievement, and attitude toward 

instmction. The dependent variable that measured conceptual understanding was the 

Particulate Nature of Matter Evaluation Test (PNMET). Course achievement was 

measured utilizing the instmctor's end of course exam and student attitudes toward 

instmction were measured using the Bimie-Abraham-Reener Quick Attitude Differential, 

None of the dependent variables were formally tested for validity or reliability. 

Significant main effects were found for conceptual understanding for PNMET scores 

between the treatment and control groups. Students in the animation groups performed 

significantly better on the PNMET. Effect sizes ranging from .53 to ,59 were reported for 

lecture groups and lab groups on two different units when compared with control. 

Although this study does display some methodological problems, it supports the use of 

visual animations for topics, such as chemistry, that tend to be challenging to visualize 

because of their abstract nature. 
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Nicholls, Merkel, and Cordts (1996) assessed the instmctional effectiveness of 

three separate animated computer tutorials, which illustrate the dynamic processes of 

biology. "Animation has made it possible to paint a vivid picture of what components are 

involved, how they interact, and why they are important, giving students a better 

understanding of what is happening between and within living cells over time and space" 

(p. 359). The experimental study utilized undergraduate students (n=44) who were 

enrolled in an introductory microbiology course. A pretest-posttest design was utilized 

and the pretest was utilized as a covariate. The pretest and dependent variable were a 

written test that consisted of multiple-choice, matching, and short answer questions, the 

test were not identical. The posttest had a reliability of .65, while the pretest obtained an 

alpha of .57. A significant effect was found for the animation group on the dependent 

variable. Another interesting finding in further analysis was that animation did not help 

recall specifically, but did assist with upper level subjective short answer questions. The 

authors suggest that ample amounts of time be spent on instmctional materials containing 

animations in order that these specialized graphics have the desired learning effects on 

students. 

Summary of Animation Research 

Much insight can be gained concerning the effects of visualization on human 

cognition from the existing animation literature alone although there is not extensive 

research in the area (Agnew & Shinn, 1990; Rieber, 1990a; Rieber, Boyce, & Assad, 

1990; Rieber & Kini, 1990; Mayer & Anderson, 1991; Nicholls, Merkel, & Cordts, 1996; 
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Kehoe, Stasko, & Taylor, 2001). The currently reviewed literature paints vivid sections 

of a larger portion that can be pieced together as more research is conducted. What we 

know from the literature is that animations are specialized and must be used in the correct 

context, situation, and the appropriate philosophical perspectives (Rieber & Hannafin, 

1988; Rieber, 1990a; 1990b; 1991; LoPresti & Garafalo, 1992; Park 8c Hopkins, 1993; 

Williamson & Abraham, 1995; Nicholls, Merkel, & Cordts, 1996; Dooley, Stuessy, 

Magill, & Vasudevan, 2000) and with the appropriate learner (expert vs. non-expert 

learners, experienced vs, non-experienced learners, low-spatial vs. high-spatial ability 

learners, younger vs. older learners, etc.) or their effects are negated (Mayer, 1989a; 

Rieber, 1990a; 1990b; Rieber, Boyce, & Assad, 1990; Park & Hopkins, 1993; Mayer & 

Sims, 1994; Williamson & Abraham, 1995; Mayer, 1997; Dooley, Stuessy, Magill, & 

Vasudevan, 2000). For example, we know that animations are not as effective with 

expert learners (high GPA), learners that possess vast amounts of prior experience, and 

that animations are effective in aiding recall in long-term memory as well as bolstering 

thinking at higher-levels of cognition. Also, animations tend to aid in high-level 

cognition situations such as problem solving, incidental learning, etc. (Baek & Layne, 

1988; Agnew & Shinn, 1990; Rieber, 1990a; Rieber, Boyce, & Assad, 1990; Mayer & 

Anderson, 1991, 1992; Park & Hopkins, 1993; Williamson & Abraham, 1995; Nicholls, 

Merkel, & Cordts, 1996). Next, through the work of Richard Mayer and others, we know 

that animations need narration to be most effective, preferably the narration and 

animation are given simultaneously (Rieber, 1991; Mayer & Anderson, 1991; 1992; Park 

& Hopkins, 1993; Burke, Greenbow, & Windschitl, 1998). It has also been found that 
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animations can reduce the time it takes to complete a defined task such as model 

constmction or test taking (Rieber, Boyce, & Assad, 1990; Park & Hopkins, 1993), The 

dual-coding theory is offered significant reinforcement through much of the research that 

has been conducted (Rieber & Hannafin, 1988; Mayer, 1989a; Rieber, 1990a, 1990b, 

1991, 1996; Rieber, Boyce, & Assad, 1990; Rieber & Kini, 1990; Mayer & Anderson, 

1991; Mayer & Sims, 1994; Mayer 1997). Although there are not vast amounts of 

empirical evidence, animations have also been found to be excellent attention gaining 

devices in the classroom (Baek & Layne, 1988; Park & Hopkins, 1993). Finally, we 

know that students view animation favorably, animation helps to motivate students, and 

that practice can effect how students learn with animation (Peters & Daiker, 1982; 

Rieber, 1990a, 1990b, 1991; Nicholls, Merkel, & Cordts, 1996; Rieber, Noah, & Nolan, 

1998; Rueter & Perrin, 1999; Dooley et al., 2000). 

What the literature does not offer is what effects animation may have on a lecture 

situation that utilizes realia and still graphics. Also, work has been done on the effects of 

physical simulation on lower- and higher-level cognitive questions, but little is found on 

the effects of animation on these types of test questions. Finally, research concerning 

testing delay and retention effects of animation have not fully solidified animation's role 

in this area. This study will work to make contributions in these areas as well as to 

strengthen the existing body of knowledge. 
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Educational Illustration 

According to Gagne (1985), educational illustrations are a subset of educational 

media. Educational media includes any ".. .combination of things or systems of things 

used to deliver communications or other instmctional stimuli to the learner. Media do 

not design or formulate these communications; they simply deliver them" (p. 282). 

Show a photograph to a child, and the youngster will point to it, trace its 
image, respond with any of a variety of emotions. Show another to an adult, 
and you get a frown, a smile, or a gesture-rarely will you draw a blank. Then 
show a photograph, or a series of photographs to students at any level, and 
you'll have more responses than you can handle. Soon your students are 
scribbling poems and essays that will make you wonder why you hadn't used 
this simple and obvious technique years earlier for stimulating the creative 
process. (Kellner, 1981, p. 35) 

Philosophical and Psychological Perspectives 

Considerable research has been conducted related to pictorial representation in 

educational settings. This review will attempt to narrow the focus of select illustration 

research in order establish a firm empirical foundation relevant to this investigation. 

General topics in this section will include, psychological aspects of learning with 

illustrations, the function and importance of illustrations and finally, selection and use of 

appropriate illustrations. 

Paralleling the theoretical framework of this study, the primary philosophical 

footing for this portion of the review was the dual-coding theory as well (Paivio, 1990), 

While the previous section has established a stmctural and processing foundation for the 

theory, this section will focus on individualized research in such areas that support the 
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philosophical views therein. Also, it is important to again mention that animations, 

although discussed in a separate section in this review, are a subsection of educational 

illustrations. Therefore, there is considerable philosophical and application overiap when 

considering the two, but it is beneficial to keep in mind that the current study is focused 

on the aspects of motion and trajectory that are implicitly distinct to animation, 

"One form of memory stmcture consists of images, which are representations that 

correspond more or less directly with concrete things. Images may be visual, auditory, 

haptic, or some combination of these; it is generally agreed, however, that visual imagery 

is the most pervasive and generally usefiil kind" (Gagne & White, 1978, p. 193), The 

aspect of the development of memory structure according to Gagne and White is related 

to the contents of an individual's memory as a result from learning as well as the 

organization of such content. The cmcial aspect concerning memory and pictures, is 

whether or not pictures are tmly encoded or simply memorized, this aspect begs the 

question of tme learning (Kobayashi, 1986). Numerous studies, which are reported later 

in this review, have found that the memory stmctures developed by pictures are in fact 

superior to that of words or sentences, especially in text. 

Imagery, or the development of images in an individual's mind's eye, is one of the 

most important aspects related to the use of illustrations. Paivio (1990) alludes to this in 

his discussion of imagens and their correlational relationship with logogens in the dual-

coding theory. According to Pressley (1977), an individual's imagery ability is directly 

related to their current developmental level. Brown and Cunningham (1990) support the 

benefits of visualization and imagery for students who are utilizing computer-generated 
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graphics because of their potential interactive and sometimes dynamic imaging effects. 

In agreement with Pressley, attention should be given to developmental level, but Brown 

and Cunningham also point out that the principle aspect to remember for any illustration 

is the visual imageiy, not the physical qualities of the illustration itself, is where 

importance lies. 

Finally, it is appropriate at this point to develop an understanding of how pictures 

and illustrations convey meaning to learners. According to Alesandrini (1987), still 

graphical representations convey meaning in one of three ways that correspond to the 

amount of detail and organization expressed by an illustration. Images may convey 

meaning representationally, analogically, or abstractly. Although different, each 

adequately facilitates learning when used correctly (Alesandrini, 1987; Levie & Lentz, 

1982). Representation results from those types of illustrations that transmit large 

amounts of realism and detail, while analogical conveyance is denoted by an implied 

resemblance only. Finally, meaning is transmitted abstractly by illustrations that are 

logical in nature, that is, the illustrations do not provide a replica of an object, rather a 

concept or process is utilized to convey meaning or imagery of the whole rather than a 

part (Alesandrini), 

Functions and Importance of Illustrations 

Closely associated to the psychological and philosophical orientations of 

illustrations are the fiinctions that illustrations serve to aid learning. Numerous empirical 
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findings serve as evidence to this fact. The following section serves as a framework for 

what illustrations do for learners and as an identifier of importance. 

Spatial orientation is an area of concern for animation as well as for still 

illustrations. Pictures serve as spatial orienting devices that allow students to orient 

objects or systems to one another (Fleming, 1987; Winn, 1991). Also students with low 

spatial ability tend to benefit greatly from the effects of illustrations, but utilize large 

amounts of cognitive faculty to do so, while high spatial oriented learners can process 

images at a much greater rate with relative ease (Goldsmith, 1987; Winn, 1991; 

Morrison, Ross, & Kemp, 2001), 

The abstract-concrete continuum is another consideration assisted by illustration. 

As mentioned previously, Paivio (1990) postulates that concreteness yields ease of 

representation for encoding for images and concepts alike. Furthermore, illustrations are 

especially effective in explaining abstractions or complex concepts that are conveyed to 

students in verbal or written language (Fleming, 1987, Winn, 1989; 1991; Morrison, 

Ross, & Kemp, 2001). Complex activities that require sequencing benefit from 

illustration as well. Mayer (1989b) and Levie and Lentz (1982) found that systematic 

illustrations helped low-knowledge readers focus on presented material as well as 

assisted with the development of associations to prior knowledge. According to Hegarty 

and Just (1989) complex machinery and their processes can be adequately represented by 

a sequence of illustrations or descriptive pictorial representations. 

Purnell and Solman (1991) found that illustrations combined with instmction are 

superior to illustrations alone, which by itself was superior to text alone. The authors 

55 



also agree that illustration of technical content is beneficial to information that is 

technical in nature. Still illustrations, although motionless, have the ability to imply 

motion (Travers & Alvarado, 1970, Bork, 1981; Goldsmith, 1987). This frinction of 

implied motion also assists learners in conceptualizing a complex sequence of events. 

Finally, illustrations, in the case of motor skills and mle learning, can represent the 

sequence of actions involved in specialized processes (Gagne & White, 1978; Gagne, 

1985; Fleming, 1987; Morrison, Ross, & Kemp, 2001). 

Numerous other functions are served by illustrations as well. Illustrations allow 

specific mental images of an object to be engrained into one's memory, which allows the 

learner to retrieve the image in an organized or non-organized manner (Gagne, 1985; 

Fleming, 1987). Retrieval is but one dimension of this ftising of an image to memory, the 

activation of other non-verbal codes as well as verbal codes is another function of 

pictorial representation (Gagne, 1985; Paivio, 1990). 

The mental copy of an image that stays with a learner also allows a deeper 

understanding of other information, of any sensory modality, that is presented with the 

illustration itself Research on text illustrations has provided some empirical evidence 

that students retain more information from expository text passages that include 

illustrations than from text without illustrations (Brown, Lewis, & Harcleroad, 1973; 

Pressley, 1977; Levin &Lesgold, 1978; Bork, 1981; Fleming, 1987; Mayer, 1989a; 

Purnell & Solman, 1991; Verdi, Kulhavy, Stock, Rittschof, and Johnson, 1996; Morrison, 

Ross, & Kemp, 2001). Verdi et al. (1996) and Mayer, (1989a) both found that students 
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who viewed a diagram before a reading lesson retained significantly more material than 

those who did not. 

According to Fang (1996), illustrations assist the child reader in five ways: they 

entice the reader to interact with the text, creativity is promoted, a mental scaffolding is 

provided by illustration, illustrations develop an appreciation for the aesthetic value of art 

and beauty, and finally illustrations foster the development of language and literacy. In 

relation to an learner's age Pressley (1977) also found that children learn better from 

pictures than from words alone, but the advantage is purely developmental. Also, the 

effects of imagery on older individuals tends to be focused on task-oriented activities, 

older learners attend to illustrations when their prior knowledge will not assist in a 

situation. 

As with animation, illustrations also assist in problem-solving transfer and critical 

thinking skills. Students who view illustrations and attend to them (Levie & Lentz, 1982, 

Morrison, Ross, & Kemp, 2001) are better able to apply learned information to new 

situations (Gagne, 1985; Mayer, 1989b). A similar phenomena, related to transfer is the 

ability of pictorial representations in assisting students in the metacognitive process of 

explanation and description of their own learning (Mayer, 1989b). 

One long-standing use of illustrations in education is the use of pictures, chart, 

graphs, etc. as attention gaining devices as well as for the improvement of attitude and 

motivation. Illustrations can depict body language and muster deep seeded feelings and 

emotion that can be utilized to the educator's benefit (Travers & Alvarado, 1970; Brown, 

Lewis, & Harcleroad, 1973; Levie & Lentz, 1982; Gagne, 1985; Fleming, 1987; 
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Morrison, Ross, & Kemp, 2001). Illustration allows instructors to gain student interest 

and attention by assaulting the visual sense in order to tap into the affective and cognitive 

realms (Levie & Lentz, 1982 & Fleming, 1987), 

Selection and Utilization of Illustration in Learning Situations 

The previously mentioned function and benefit of educational illustration becomes 

moot if illustrations are not utilized properly. This section addresses implications for the 

selection and application of educational illustration. 

Meaning is an important aspect for any illustration. Educators many times over-

utilize illustrations in an educational setting because the representations are novel. 

Illustrations should always have meaning and a purpose when used in the instmctional 

setting (Dwyer, 1972; Brown, Lewis, & Harcleroad, 1973; Morrison, Ross, & Kemp, 

2001). 

Meaning of any illustration as well as learning is increased significantly when 

illustrations are accompanied by a explanative narration (Brown, Lewis, & Harcleroad, 

1973; Gagne & White, 1978; Mayer, 1989a). Mayer has conducted extensive research in 

this area with animations, all of his results indicate that narrations in every instance have 

increased the learning that results from visual imagery (Mayer, 1997; Mayer & Anderson, 

1991, 1992; Mayer & Sims, 1994). Once again the inclusion of verbal encoding 

simultaneously with that of a visual code activates referential connections in support of 

the dual-coding theory (Paivio, 1990). 
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Meaning can also be in danger if the illustrations are not clear and concise (Dwyer, 

1972). As mentioned eariier, Alesandrini (1987) indicated that three kinds of graphics 

exist, (representational, analogical, and abstract) and serve their own individual purpose. 

Representational graphics are realistic and contain large amounts of detail, while 

analogical and abstract graphics regress in realism and detail. Each type of graphic 

illustration utilized by educators should not only be purposeful to the topic, they should 

also convey the correct types of information as well. The amount of detail, color, and/or 

shading in any educational illustration is important, but in some cases can be detrimental 

to the learner. Graphs, diagrams and charts are typically considered to be abstract or 

analogical and should be attractive, clear, concise, and labeled appropriately (Bork, 1981; 

Levie & Lentz, 1982), 

According to HoUiday (1980), simple line illustrations can have a larger impact on 

learning than too much detail if students are not ready for the advanced nature of 

abstractions. Overly active photographs with too much detail can confuse students if the 

detail is not important at the time. Therefore, teachers who have students that are not 

cognitively or developmentally prepared for large amounts of detail should avoid too 

much detail as pointed out by Pressley (1977). 

Color and shading can also serve as a confounding variable in the utilization of 

illustration. Color, when used should serve as a realistic designator or as a method of 

distinction in complex systems (Holliday, 1973, 1980; Goldsmith, 1987), The use of 

color and shading can confuse students especially if done at random or for simple 

decoration. When color is not important to an illustration the addition of color will 
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produce no gain in learning for students (Holliday, 1973, 1980; Goldsmith, 1987). 

Finally, shading is effective for the distinction of parts of a whole and effects should be 

considered similar to color or the absence of color, 

Realia: "The Real McCoy" 

Unfortunately, the availability of empirical support for the use of realia is more 

limited than that of animation research. Much of the research that was discovered for this 

review is quite dated or irrelevant for the purposes of this investigation. However, ample 

investigation has taken place in the armed services relating to simulation training, 

unfortunately, as stated above, most studies were irrelevant because of their focus on 

simulators and training devices for specific tasks rather than theoretical or conceptual 

processes. 

This review will focus on the use of realia as a real or modified real object (Brown, 

Lewis, & Harcleroad, 1973) that is used to illustrate a theoretical or unseen systematic 

concept or process. Some relevant empirical findings are presented along with a 

description of realia in learning, which will make-up a bulk of the review. Topics to be 

discussed in this portion of the review of literature include: historical and philosophical 

origins of realia, types of realia, and finally, realia and learning. 

Historical and Philosophical Origins of Realia 

The historical and philosophical origins of realia have deep roots in vocational 

education in the United States. The history and philosophy related to agricultural 
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education in the United States implies volumes when considering how people have 

traditionally learned with real objects. Individuals such as Jacque Rousseau, the father of 

hands-on learning and John Locke, the father of empiricism were early philosophers and 

educators who believed in learning from experience and kinesthetic learning (Fraze, 

1996), American philosophers such as Horace Mann and John Dewey greatly influenced 

the way in which we learn today (Fraze), Their ideals of learning by doing, laboratory 

learning and problem solving are foundational to our educational system to this day. 

Others in agricuhural education subscribed to these methods as well, individuals such as 

Booker T. Washington, George Washington Carver, and Charles Prosser were 

instmmental to the development and popularity of hands-on learning in agricultural 

education (Fraze). Two individuals in particular in the discipline of agricultural 

education are extremely important to this concept, Rufus Stimson, architect of the project 

method, and Seaman A. Knapp, the originator of the demonstration teaching method 

(Fraze). Both of which are still utilized today and are principle to the agricultural 

educational arena. It is assumed that all of the individuals are somewhat attributable to 

the use of realia in agricultural education. 

Cognitive psychology also suggests that the manipulation of real objects is a 

powerfiil source of learning. Piaget (1967) identified two types of knowledge that are 

built when children manipulate objects. Physical knowledge, which is the knowledge of 

objects that we can observe, and logicomathematical knowledge, which is the knowledge 

that is created when relationships are made between objects. Both types of knowledge, 

according to Piaget, have different sources, internal and external. Internal sources are 
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cognitively based and are linked to logicomathematical knowledge and external sources 

are kinesthetic in nature and are linked to physical knowledge. For example, if a student 

were to touch an engine component, they could feel the texture of the metal, take 

measurements with a micrometer, etc. (physical knowledge), but when that same student 

analyzes the physical knowledge in order to trouble shoot the component and compare it 

to related wear tolerances, logicomathematical knowledge has been developed. In an 

extension, Piaget states that children must actively engage objects in order to learn from 

their unique sensory modalities, that is, learning can only take place when an individual 

acts on an object physically and mentally. Thus, the importance of manipulation of 

objects is highlighted for child and adult learners (Piaget, 1967). 

Gagne (1985) offers support for the utilization of real objects as well, "Typically, 

verbal communications are accompanied by actual objects (such as portable equipment or 

training devices) or by representations of objects in the form of pictures or diagrams (for 

example, charts or slides" (p, 297), He states that the primary reason for the use of 

objects in education is that they are directly involved in the performance expected as a 

result of the learning situation. The secondary and farther reaching reason for the use of 

actual objects in the classroom is that these objects are a means by which the learner can 

develop a visual image of an object, which is highly important to memory encoding and 

storage. 
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Types of Realia 

According to Brown, Lewis, and Harcleroad (1973), three types of realia exist. 

Unmodified real worid things, modified real worid things, and specimens. Unmodified 

real worid things are just as they seem, no physical alterations are evident, other than 

having been removed from their real worid surroundings. These objects have all parts 

intact, may be fijlly frinctional, they could be alive, may be normal size, and they can be 

recognized for what they are. Modified real worid items are those items that are of the 

real worid in nature, but have been modified for educational purposes. Included in this 

group are one of the primary aspects of the current investigation, which is a modified real 

worid thing that Brown et al. refer to as a "cutaway." Cutaway's can be any real-world 

item that has had parts removed or physically cut away to reveal their inner workings. 

Other items that can be classified as modified real world things are models, mock-ups 

and simulators. Finally, specimens are simply a piece of an environment. Specimens 

however are typically biological and may be living or dead. 

Realia and Learning 

Defending the traditional role of realia in the classroom could be considered 

somewhat simplistic in nature. All one would need to do is remind the readers of their 

experiences in primary school with a class mascot. Whether it was a lizard, hamster, or 

ferret we have all been exposed at one time or another to realia (Brown, Lewis, & 

Harcleroad, 1973), In the numerous ways that realia can be utilized in the instmctional 

environment, the learner is able to study and manipulate objects, practice with an object. 
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as well as use and discover the characteristics of the realia, their operational actions 

and/or behaviors (Brown et al ,), 

Although exceptional tools for learning, it should be noted that, just as with other 

instmctional aids, realia has potential drawbacks. The primary precaution that should be 

taken when realia is utilized is the complexity of the realia (Holliday, 1980). The learner 

may be overwhelmed with spatial information offered by complex realia, especially if the 

learner is not developmentally or cognitively prepared. Another drawback is related to 

size, some realia is simply too heavy or bulky to be utilized in the classroom (Brown, 

Lewis, & Harcleroad, 1973). Nevertheless, using actual physical objects helps extend 

learning to the real worid (Holliday). 

In a review that questions how children learn through the kinesthetic act of 

handling objects, Williams and Kamii (1986) discussed practical applications that can be 

utilized by teachers to encourage hands on learning. The authors associate specialized 

cognitive skills such as problem-solving and critical thinking with the simple act of 

children handling and manipulating objects for the purpose of play and education. 

Several studies were collected that were relevant to the unique agricultural and 

mechanical education aura emitted by this study. The following are highlights that are of 

importance to learning with realia. In an experimental study that investigated the 

effectiveness of training devices on Air Force students, Gmnwald (1969) sought to find 

evidence of learning differences that resulted from actual equipment, a functional 

simulator, a partially functional mock-up, a fiill sized photograph, and a small illustration 

of the equipment. Participants were all given identical verbal instmction and asked to 
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take written and performance tests related to the instmction. Results indicated that 

participants who utilized the partially functional mock-up had superior learning results 

when compared to all other groups. Implications are that there may be an optimum point 

of reality in a training device, that is, too much reality may tend to lessen the effects of 

learning. For example, an engine cutaway would be superior to a complete engine for 

educational purposes because students can view the inner workings of the machine. 

In two related studies, Ziegler (1967) and Pella and Ziegler (1967) tested the effects 

of static and dynamic theoretical teaching models for the particle nature of matter, with 

second, third, fourth, fifth and sixth graders. Students were randomly assigned to one of 

three groups, no instmction, static model and dynamic model. Results indicated that both 

model groups performed significantly better than the control group, which received no 

instmction, there was no significant difference between the model groups. 

In a study related to the effectiveness of two instmctional techniques while utilizing 

a Ford Power Train Simulator, Perritt and Shinn (1981) sought to find differences 

between the traditional lecture-demonstration method and the group self-study technique. 

The researchers randomly selected schools, categorized students as high or low 

mechanical aptitude, and utilized teaching technique as a differentiation. Psychomotor, 

cognitive and attitudinal posttest scores were utilized as dependent variables. High 

mechanical aptitude learners taught with the small group self-study technique scored 

significantly higher on a second posttest than did low mechanical aptitude learners who 

were taught using the traditional method. Students, regardless of mechanical aptitude, 

preferred the lecture-demonstration method of teaching. Finally, high mechanical 
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aptitude students had the lowest attitude scores on the small group self-study technique 

and were most positive toward the lecture-demonstration technique. 

In a review of related literature. Porter (1957) compiled literature relating to 

mechanical teaching machines and devices, the fiinction of which is to increase the 

efficiency and effectiveness of teaching operations by making use of psychological 

principles. The review focuses on a particular type of device that is known as an 

"immediate reinforcers" which give immediate feedback to the user. The author 

investigates the effects of this type of teaching machine on theoretical issues such as 

reinforcement, problem-solving transfer, and curriculum. The author concludes that this 

type of teaching device should be considered effective and calls for further experimental 

research. 

Finally, in an article that has a unique relationship to the current study, Howell 

(2000) offers insight to the conversion of large equipment and finance-laden auto-

mechanics courses to small engine based courses. The author expresses many of the 

current views that are sentiments of the current situation concerning budgets in career and 

technology education. Unfortunately, a technological phenomena exists which makes it 

impossible for learning institutions to keep up with industry changes. Therefore, the 

author supports the utilization of a functional representational model (small engine) that 

will teach the same concepts as the real worid application (multi-cylinder engine) while 

saving time, effort and finances. 
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Summary 

Surprisingly, many of the relevant educational themes related to the use of realia 

were brought to the forefront even though the amount of empirical findings were limited. 

From this review, we have discovered that like animation and illustration, realia fosters 

higher-level cognition such as problem-solving transfer and critical thinking. Also, some 

of the characteristics of realia are evident, kinesthetic learning is applied with great ease, 

the dual-coding theory is supported, all of which are supported by the findings of Pella 

and Ziegler (1967), Ziegler (1967), and Perritt and Shinn (1981), It was also discovered 

that not unlike illustrations, realia may suffer from the pitfalls of too much detail that may 

overwhelm learners (Gmnwald, 1969). Nevertheless, the study did offer positive 

implications for the use of engine cutaways in educational situations. Finally, Howell 

(2000) pointed out two very important perspectives for the use of realia that have far 

reaching implications for this study. First, the utilization of bulky and expensive 

cutaways may be a thing of the past because they are costly and difficult to store/utilize. 

Second, the use of new techniques and technology has opened the door for alternative 

teaching media, such as animation, that may offer the same learning effect in a smaller, 

more manageable, and less costly package. 
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CH/U'TER 111 

METHODOLOGY 

Context of the Study 

The study took place at Tarieton State University, a regional university in Texas, 

which provides programs of undergraduate, graduate, and non-traditional education. The 

student body includes representatives from 229 Texas counties, 28 states, and 4 foreign 

countries. The university offers 67 undergraduate and 23 graduate programs as well as a 

cooperative doctorate in educational administration. Degree areas include agriculture, 

business administration, teacher education, allied health, the fine arts, social sciences, 

physical and biological sciences, humanities, mathematics and technology. Prepatory 

degree areas include professional schools such as dentistry, engineering, law, medicine, 

and veterinary medicine (Tarieton State University, 2001b). 

The university's College of Agriculture and Human Sciences consists of 

approximately 1,400 students that represent all regions in the state of Texas, and is the 

second largest non-land grant college of agriculture in the state of Texas, as well as the 

third largest in the nation (Tarieton State University, 2001a). The study physically took 

place in the Joe W, Autrey Agricuhural Building located on the main campus. This 

location is the actual classroom where the course is traditionally taught (Agriculture 307), 

This experiment was conducted during the scheduled class time. This was done in an 

effort to enhance the external validity of the study. Scheduling this location was also an 

attempt to decrease mortality, which is a threat to internal validity. 
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Research Design 

The research design selected for this study was an experimental, randomized 

subjects, pretest-posttest control group design (Ary, Jacobs, & Razavieh, 1996). 

Rationale for selection of this design does exists because random assignment of subjects 

to experimental treatment was possible even though the subjects were self-selected (Kirk, 

1995; Ary et al, 1996; Gay & Airasian, 2000), Randomization was made possible 

because of the use of only two groups in the study (treatment and control); therefore, the 

logistics involved in coordinating the course and personal schedules of students that 

participate in the study were not difficult due to administrative assistance. 

Administrative assistance was offered by the department head of the Department of 

Agricultural Services & Development, the dean of the College of Agriculture and Human 

Sciences, and the Provost/Vice President of Academic Affairs, in the form of letters to 

cooperating professors. Participants in the study were asked to remain in class longer 

than the scheduled class time in order to take the immediate posttest. If participants had a 

scheduled class that followed the experiment their professors were contacted and 

permission was requested that they be allowed to miss once in order to participate in the 

experiment. 

According to Ary, Jacobs, and Razavieh (1996) and Gay and Airasian (2000), 

primary concern for the use of this design is a threat to external validity. The utilization 

of a pretest, in some cases, sensitizes subjects to a treatment that may or may not be 

applied. This interaction effect between testing and treatment may cause subjects to act 

differently than usual, which would make the study's results generalizable only to the 

69 



participants of the study. Participants self-selected themselves for the study, which 

offered a real world balance to the typically clinical design. Also, the experiment was 

conducted during the regularly scheduled class time. These facts make the setting more 

natural for participants, hence results would be more generalizable. External-threats to 

validity associated with specifity of variables were overcome because the author 

developed a detailed procedural and methodological description of the study. 

The interaction of history and treatment was not a threat because no wide-spread 

incidents occurred during the course of the research, but if an event were to have 

happened during the course of the experiment, adjustments would have been required. In 

an effort to combat treatment diffusion, subjects were asked not to discuss topics related 

to the study (Kirk, 1995). The author served as the only administrator of treatment for 

the study, Journaling, self-reflection, as well as a refusal to communicate emotion or 

expectations to participants were all utilized to reduce any experimenter effects that may 

have threatened external-validity. 

Finally, participant effects such as the Hawthorne effect, compensatory rivalry, 

placebo effects, or novelty effects were reduced through methods such as a reassurance to 

subjects that no academic benefit or punishment would come from participation, and 

finally, the reassurance that students should conduct themselves normally would yield 

tme results. 

The use of analysis of covariance was considered for utilization in order to increase 

the precision and power of the data analysis, A preliminary analysis of collected data 

was conducted in order to determine if the use of ANCOVA would yield tenable results. 
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More discussion will follow in the data analysis section. Before ANCOVA can yield 

accurate results the selected variable must be found to correlate with the dependent 

variable as well as meet the assumptions of linearity and homogeneity of slopes (Winer, 

Brown, & Michels, 1991; Kirk, 1995, Ary, Jacobs, & Razavieh, 1996; Gay & Airasian, 

2000; Green, Salkind, & Akey, 2000; Creswell, 2002), If this cannot be accomplished in 

the current examination, analysis of variance would be utilized for each objective rather 

than analysis of covariance. 

The design was applied in order to maximize experimental control and ANCOVA 

would have been implemented in order to increase statistical control by further equating 

the experimental groups (Green, Salkind, & Akey, 2000; Hinkle, Wiersma, & Jurs, 1998; 

Kirk, 1995; Winer, Brown, & Michels, 1991), It was believed that with this design, the 

experimental controls, statistical controls, as well as the fact that participants self-selected 

themselves for the study, a more than adequate balance was achieved that would yield 

tenable results. 

Population and Sample 

The population consisted of undergraduate students in Colleges of Agriculture 

whose major course of study requires an agricultural power course and/or students that 

may have a particular interest in an agricultural power course, A self-selected sample 

(n=56) was utilized for this experiment. Students self-selected themselves for the course 

as well as the study by registering for Agricultural Engineering 2013 - Agricultural 

Power Units, which is offered every fall and spring semester of the year. A maximum 
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sample of 60 students was derived from a logistical standpoint. Each laboratory section 

can accommodate no more than fifteen students, and therefore the maximum enrollment 

for the lecture section is sixty. This explains the study's modest sample size. Students 

registering for the course were not required to participate in the study. No incentives or 

disincentives were offered to students who chose to participate or not participate in the 

study. All students registered for the class were presented with a Human Subjects 

Consent Form (Appendix E) during the second scheduled class meeting and were asked 

to volunteer for the experiment. All registered students agreed to participate in the 

experiment. Participants were numbered according to the class roll and randomly 

assigned to either the experimental treatment or control group using SPSS for 

Windows®. Following random assignment, treatment was randomly assigned to one of 

the groups and treatment and control groups were randomly assigned to their respective 

days of the week. 

Initially, there were n=54 participants available for the pretest measure. Both 

treatment and control groups were equal in regard to the pretest measure and GPA, This 

was assumed because all participants dropped-out at random, not sequentially, or in any 

determined manner (Gay & Airasian, 2000). The number of participants available for 

analysis for the immediate posttest was n=52. During the study, one participant from the 

control group and three participants from the treatment group failed to attend their 

appropriate scheduled data collection times. Therefore, cell sizes for treatment (n=25) 

and control (n=27) were unequal. 
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The number of valid scores available following the delayed posttest was n=46. /Kn 

additional six students failed to attend their appropriate scheduled data collection time. 

Therefore, the control group (n=24) and the treatment group (n=23) were still un-equated 

when considering frequency. According to Green, Salkind, and Akey (2000), if cell sizes 

are not equal, it is suggested that un-weighted means (estimated marginal means) be 

reported in the results. The final number of valid scores available for analysis for the 

investigation was n=47. As mentioned previously, it is assumed that the negative effects 

of mortality did not affect the investigation because participants dropped from the study 

at random (Gay & Airasian, 2000). 

Data Collection 

The data were collected during the fall semester 2002, during the fourth week of 

classes (September, 16 - 20). The study was conducted over four weeks. The actual 

experiment took place during one instmctional week. Pretest was administered two 

weeks prior, and the delayed posttest one week following each of the instmctional units. 

The control group participated on Tuesday, September 17 and the treatment group was 

administered the experiment on Thursday, September 19. Both groups participated at 

9:25 a.m., the regularly scheduled class time. The participants were asked to remain in 

class past the scheduled ending time for the course in order to complete the experiment. 

Letters (Appendices F-H) from the sponsoring department head, the dean of the college 

and the vice president of academic affairs were issued to instmctors of participants in 
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order that they might obtain permission to miss their regularly scheduled courses in the 

latter portion of the morning. 

During the lecture and laboratory sections prior to the experiment, units related to 

fuels and lubricants were implemented in order that the experimental lesson content not 

be revealed. Two weeks separated the pretest and the immediate posttest in order to 

reduce testing threats to external validity, also, one week separated the immediate and 

delayed posttest. Pretest (Appendix I) and posttest (Appendix J) questions were identical, 

but pretest question order was different from that of the posttests. 

Upon entering the lecture classroom, subjects entered and participated in the class 

as they normally would. The participants were asked to attend to the material in the 

lesson and take notes as they wanted. Participants were also informed of the immediate 

posttest that followed the lesson. Each lesson for treatment and control lasted 

approximately two hours, this includes instmctional and testing time. Treatment time for 

related studies have varied almost as much as the results they have offered. Table 3.1 

offers some insight to the length of treatment for similar studies. 
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Table 3.1 
Treatment Length for Similar Animation Studies 

Study 
Peters and Daiker (1982) 
Rieber and Hannafm (1988) 
Baek and Layne (1988) 
Agnew and Shinn (1990) 
Rieber(1990b) 
Rieber, Boyce, and Assad (1990) 
Rieber (1991) 
Mayer and Anderson (1991) 
Mayer and Anderson (1992) 
Mayer and Sims (1994) 
WilHamson and Abraham (1995) 
Nicholls, Merkel, and Cordts (1996) 
Rueter and Perrin (1999) 
Dooley, Stuessy, Magill, and Vasudevan (2000) 

Colleen, Staske, and Taylor (2001) 

Treatment Length 
One Hour 
One Hour 
One Hour 
Five Class Periods 
One Hour 
One Hour 
2 Hours Over 10 Days 
90 Seconds 
90 Seconds 
90 & 135 Seconds 
10 Lecture Periods 
One Hour 
One Laboratory Period 
Student-Paced Learning 

Supplement Over One 
Semester 

Student Paced - No More 
Than 2 Hours 

A lecture-style presentation was delivered to participants in the both groups. 

Lecture content focused on the operational theory of spark ignition and compression 

ignition internal combustion engines. Students in the treatment group viewed a Power 

Point® presentation supplemented with illustrations and animations inserted into the 

presentation, realia (actual engine parts/cutaways) were also be utilized in this group. 

The control group also viewed a Power Point® presentation covering the same material, 

differentiating only in the fact that additional illustrations were inserted into the 

presentation where animations were for the treatment group, realia was also utilized. 

Power Point® presentations for the treatment and control groups possessed 

identical numbers of slides. The time spent viewing animations in the treatment group 
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was replaced by added illustrations and added time with realia for the control group. The 

control group symbolizes the traditional means of visual supplement for this course. 

Upon completion of the lesson content a thirty question muhiple-choice test was 

administered to each participant (Appendix J), This administration served as the 

immediate posttest. Participants had as much time as needed to complete the posttest. 

One-week following treatment, each group was administered the delayed posttest exactly 

one week after taking their respective immediate posttest. This second administration 

served as the delayed posttest measure. 

During the course of the study students were asked not to discuss the content or 

procedures utilized in their respective experimental sections. Participants were notified 

that everyone had passed all testing procedures during the study. 

Instmmentation 

The pretest (Appendix I), immediate posttest (Appendix J), and delayed posttest 

(Appendix J) instmment consisted of a researcher-developed 30-item multiple-choice 

instmment. Each item contained four selections for probable responses to each test item, 

with only one selection being correct for each item. The pretest and posttest instmments 

were identical in content, however item order changed from pretest to posttest to guard 

against testing threats to external validity. 

The instmment was a researcher-developed test that coordinates with the lesson's 

content and material. The instmment's item content varied according to high and low 

cognitive levels according to the levels of cognition developed by Newcomb and Trefz 
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(1987), which were adapted from Bloom's Taxonomy. Newcomb and Trefz consolidated 

Bloom's Taxonomy into four levels of cognition, which are, remembering, processing, 

creating and evaluating. Table 3.2 compares the classification systems of Bloom's 

taxonomy and Newcomb and Trefz, 

Table 3,2 
Comparison of Bloom's Taxonomy and Newcomb and Trefz's Classifications 

Bloom's Taxonomy Newcomb & Trefz 
Knowledge Remembering 

Comprehension "^ 
Application Processing 

Analysis ^J^ 
Synthesis Creating 

Evaluation Evaluating 

Whittington & Newcomb, 1991. 

Originally, fifteen of the instrument's items were low cognitive level questions, 

which students were required to utilize remembering and processing skills. Each of these 

fifteen questions came directly from the lesson material. Formeriy, the remaining fifteen 

questions were high cognitive level questions, which required students to utilize upper 

levels of Newcomb and Trefz cognitive designations, creating and evaluating. These 

fifteen questions were not directly taught in the lesson, rather participants were required 

to utilize higher level thinking in order to combine, modify, appraise and validate the 

given information. These variances in cognitive levels were utilized in order that any 

effects on high or low levels of cognition due to animation be detected. 

The instmment was tested for face and content validity by a national panel of 

experts in agricultural education, agricultural mechanization, and agricultural engineering 
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whose research areas have focused on agricultural mechanization/engineering, cognitive 

levels for testing and educational objectives. The overall reliability of the test was 

measured by the Kuder-Richardson-20 (KR-20) formula upon completion of the 

immediate posttest, "KR-20 is a highly regarded method of assessing reliability, but is 

useful only for dichotomously scored items such as in multiple choice items" (Gay & 

Airasian, 2000, p. 174). The Kuder-Richardson-20 is also a common reliability measure 

for multiple-choice instmments in animation research (Rieber & Hannafin, 1988, Rieber, 

1990b, 1991;Rieber, Boyce, & Assad, 1990), Initial reliability coefficients for the pretest 

(.25) and immediate posttest (.54) were unacceptable. 

Initially, Bartlett's Test of Sphericity was conducted to determine if the test 

item correlation matrix was indeed an identity matrix (Bartlett's test - chi-square 

(66) -121.90, p < .01), principal components analysis was conducted to 

determine the underlying constmcts among the low-level, high-level, and total 

test questions. Table 3.3 is the immediate posttest item bivariate correlation 

matrix that was utilize in the development of reliable factors. 

The principal components analysis was followed by a varimax orthogonal 

rotation to determine the underlying reliable question concepts that the 

researcher-designed instmment measured. Subsequently, six factors were 

extracted based on eigenvalues greater than one and an in-depth analysis of the 

scree plot. The six factors explained approximately 75% of the variation among 

the thirty multiple-choice items. 
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Table 3.4 shows that factor 1 accounted for 22.84% of the variance, while factor 2 

accounted for 12.72% and factor 3 accounted for 10.91%) of the total variance. In 

addition, factor 4 accounted for 10,57%), while factor 5 accounted for 9,15%) and factor 6 

accounted for 8,71% of variance in the total test. 

Table 3,4 
Results of Principal Component Analysis Conducted Among All Immediate Posttest 
Questions 

Concept Measured 
Differentiation of Valve Mechanisms 

(Low Level)* 
Cylinder Design Principles Related to 

Operation (High Level)* 
Engine Theoretical Cycle Comparison 

(High Level)* 
Inner Cylinder Gas Flow Related to 

Design (Low Level)* 
Two-Stroke SI & CI Operational Theory 

Comparisons (High Level)* 
Two-Stroke SI & CI Intake Stroke 

Comparisons (Low Level)* 

Factor 1 

.874 

.827 

Factor 2 

.809 

.656 

Factor 3 

.814 
,640 

Factor 4 

,912 
,561 

Factor 5 

.790 

.727 

Factor 6 

.813 
-.536 

Eigenvalues 2.75 1.53 1.31 1.27 1,10 1.05 
Percentage of Variance Explained By Each 22 88 12 72 10 91 10 57 9 15 8 71 
Factor 
Cumulative Percentage of Variance 22 88 35 61 46 52 57 09 66,24 74,95 
Explained By Each Factor 

* - Denotes loadings of questions according to high or low cognitive questions 

According to Stevens (2000), factor loadings greater than .5 for the current 

population are declared statistically significant at the .05 level, A factor loading is simply 

the Pearson Product-Moment correlation between the variable and the factor (linear 

combination of variables). In addition, retaining factor loadings that meet the established 

criteria allows each survey item to share approximately 13%) of its variance with the 

factor with which it is associated. Following these recommendations, the current varimax 

loadings indicate the presence of six distinct concepts related to varying operational 

theories of all internal combustion engines presented. 
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Following the initial principal components analysis, the author discovered that the 

six initial factors were evenly distributed as three high-level cognition factors and three 

low-level cognition factors. To frirther investigate and reinforce this phenomena, a 

second and third principal components analysis was conducted for high and low cognifive 

questions. Tables 3.5 and 3,6 indicate that the same questions emerged for each analysis, 

although inter-analysis loadings did differ slightly. The two principal components 

analysis that follow were conducted in order to ascertain the results of the initial principal 

components analysis. 

A second principal component analysis was followed by a varimax orthogonal 

rotation to determine the underlying reliable question concepts that the researcher-

designed instrument measured for the low-level cognitive questions. Subsequently, three 

factors were extracted based on eigenvalues greater than one and an in-depth analysis of a 

scree plot. The three factors explained approximately 1A% of the variation among the 

low-level cognitive multiple-choice items. 

Table 3,5 shows that factor 1 accounted for 36.61% of the variance, while factor 2 

accounted for 18,99%) and factor 3 accounted for 18.47%) of the total variance. All low-

level questions loaded as factors in the same manner as in the overall principal 

components analysis. 



Table 3.5 
Results of Principal Components Analysis Conducted Among Low-Level Test Questions 

Concept Measured Factor 1 Factor 2 Factor 3 
Differentiation of Valve 

Mechanisms (Low Level)* 
Inner Cylinder Gas Flow Related to 

Design (Low Level)* 
Two-Stroke SI & CI Intake Stroke 

Comparisons (Low Level)* 
Eigenvalues 
Percentage of Variance Explained 
By Each Factor 
Cumulative Percentage of Variance 
Explained By Each Factor 

,875 
.832 

2,20 

36 61 

36,61 

,871 
.714 

1.14 

18 99 

55,60 

-,687 
.671 
1.11 

18 47 

74,07 

According to Stevens (2000), factor loadings greater than .5 for the current 

population are declared statistically significant at the ,05 level. A factor loading 

is simply the Pearson Product-Moment correlation between the variable and the 

factor (linear combination of variables). In addition, retaining factor loadings 

that meet the established criteria of allows each survey item to share 

approximately 25%) of its variance with the factor with which it is associated. 

Following these recommendations, the current varimax loadings indicate the 

presence of three disfinct concepts related to varying operational theories of all 

internal combustion engines presented. 

Finally, a third principal component analysis was followed by a varimax 

orthogonal rotation to determine the underiying reliable question concepts that 

the researcher-designed instrument measured for the high-level cognitive 

questions. Subsequently, three factors were also extracted based on eigenvalues 

greater than one and an in-depth analysis of a scree plot. The three factors 
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explained approximately 68%) of the variation among the low-level cognitive 

multiple-choice items. 

Table 3,6 shows that factor 1 accounted for 30.81%) of the variance, while factor 2 

accounted for 19.11% and factor 3 accounted for 17.81%o of the total variance. Just as 

with the low-level questions, high-level cognitive questions loaded as factors in the same 

manner as in the overall principal components analysis. Although the same questions 

loaded, the questions did not load in the same factor pairs. Factor 1 consisted of 

questions twenty-seven and twenty-eight. Factor 2 consisted of fourteen, eighteen and 

nineteen, finally Factor 3 consisted of question number seven (see Appendix J for 

question content). Table 3.6 indicates the high-level cognitive concepts that are 

measured by each factor. 

Table 3,6 
Results of Principal components analysis Conducted Among High-Level Test Questions 

Concept Measured Factor 1 Factor 2 Factor 3 
Two-Stroke SI Construction 

(High Level)* 

Two-Stroke SI & CI Operational 
Theory Comparisons 
(High Level)* 

Two-Stroke CI Theoretical Operation 
(High Level)* 

Eigenvalues 
Percentage of Variance Explained By 
Each Factor 
Cumulative Percentage of Variance 
Explained By Each Factor 

.875 
,832 

1.85 

30,81 

30.81 

.800 
,691 
,544 

1.19 

19,77 

50.58 

.882 

1.07 

17.81 

68,38 

According to Stevens (2000), factor loadings greater than ,5 for the current 

population are declared statistically significant at the .05 level. A factor loading is simply 

the Pearson Product-Moment correlation between the variable and the factor (linear 
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combinafion of variables). In addition, retaining factor loadings that meet the established 

criteria allows each survey item to share approximately 23%) of its variance with the 

factor with which it is associated. Following these recommendations, the current varimax 

loadings indicate the presence of three distinct concepts related to varying operational 

theories of all internal combustion engines presented. 

Table 3.7 exhibits the identified concepts and test questions for the overall test 

based on varimax loadings that are labeled in the present study as differentiation of valve 

mechanisms, cylinder design principles related to operation, engine theoretical cycle 

comparison, inner cylinder gas flow in relation to cylinder design, two-stroke cycle spark 

ignition and compression ignition engine operational theory comparisons, and two-stroke 

cycle spark ignition and compression ignition stroke comparisons. See Appendix J for 

actual question and cortect answers to each question. 

Following the principal components analysis, reliability estimates were run on the 

questions that were represented in the final six-factor solution, of which, three low-level 

factors and three high-level factors were extracted. Overall Kuder-Richardson-20 (KR-

20) reliability coefficients for the posttest low-cognition quesfions, .62, high-cognition 

questions, .54 and total posttest, .68, were improved due to the adjustments made in the 

principal components analysis. Finally, it is noted that researcher-developed 

instrumentation to instructional content is common place in animation research. 

Furthermore, the adjustment of such tests is evident in the reviewed literature because of 

the realistic nature of the research (multiple-choice test following a lesson), small sample 

84 



sizes and low question frequency (Rieber, 1990a, 1990b; Rieber, Boyce, and Assad, 

1990; Mayer, 1997; Mayer & Anderson, 1991, 1992). 

Table 3,7 
Identification of the Overall Question Concepts Resolved From Principal Component 
Analysis (Solution Based on Varimax Orthogonal Rotation) 

Test 
Item# 

Loading - Cognitive Level 

Factor & Related Concept 
Factor 1; 

Differentiation of Valve 
Mechanisms 

Factor 2: 
Cylinder Design Principles 

Related to Operation 

Factor 3: 
Engine Theoretical Cycle 

Comparison 

Factor 4: 
Inner Cylinder Gas Flow 

Related to Design 

Factor 5: 
Two-Stroke SI & CI 

Operational Theory 
Comparisons 

Factor 6: 
Two-Stroke SI & CI Intake 

Stroke Comparisons 

23 
24 

28 
18 

14 
19 

13 
12 

7 
27 

1 
8 

Low 

.874 

.827 

.912 

.561 

,813 
,536 

Lesson Content and Treatment 

High 

.809 

.656 

.814 

.640 

.790 
727 

Treatment and control received identical lesson content (Appendix L), only visual 

elaboration for each lesson was manipulated. The lesson content was comprised of the 

operational theory of select spark ignition (SI) and compression ignition (CI) engines. 
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The four-stroke cycle and two-stroke cycle operational theory was included for both 

compression and spark ignition engines. Reciprocating and rotary engines represented 

the four-stroke cycle spark ignition engine, while the remaining engine types (two-stroke 

cycle spark ignition and two- and four-stroke cycle compression ignition engines) were 

represented by reciprocating engines only. 

The lesson was broken into three parts, introduction, spark ignition engines and 

compression ignition engines, with each portion of the latter portions being representative 

of their own versions of the four- and two-stroke cycle theory. Power Point® 

presentations were utilized to present the lesson to the treatment (Appendix B) and 

control (Appendix D) groups. 

Presentation materials for the lessons included a Macintosh PowerBook G4 laptop 

computer equipped with Microsoft Power Point® version 9.0 for Macintosh, Projection 

equipment consisted of an Epson PowerLite 50c LCD projector, model EMP 50. A 

GyroMouse Presenter, which is a wireless-mouse presentation aid, was used in 

conjunction with the presentation material. 

Computer-generated animations that were utilized in the study came from a number 

of sources, A majority are web-based animations that were downloaded from the Internet 

or borrowed from webmasters. Two were copied from an instructional CD that is the 

property of the author. Animations ufilized in the study were Shockwave Flash 

animations, animated .gifs, or AVI files. 

For the experimental treatment group, a total of 26 of the 52 Power Point® slides 

(Appendix B) contained some type of animation. Four of the animations were simple 
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attention gaining devices that had no instructional purpose, but were related to 

agricultural power technology. These animations were included so that every 

instructional slide would possess some type of graphic (either animation or illustration). 

Thirteen instructional-based animations were utilized in the treatment, with four of the 

thirteen being repeated in order to signify particular strokes of each theory. Each 

repeated animation was selected based upon the quality or availability of an animation for 

each operational theory. The four-stroke cycle spark ignition engine was repeated five 

times (the first appearance offers an introduction to the basic parts of an engine in 

motion), the two-stroke cycle spark ignition engine was repeated three times, the four-

stroke cycle compression ignition engine was repeated four times, and finally, the two-

stroke cycle compression ignition engine was repeated three times. The animation 

supplied for the four-stroke cycle spark ignition rotary engine was not repeated due to 

this animation's ability to pause for each consecutive phase (the term phase replaces the 

term stroke cycle when discussing rotary engines), therefore the animation was included 

only once. The total number of animations for each operational theory was, four-stroke 

cycle spark ignition (reciprocating) (6), four-stroke cycle spark ignition (rotary) (4), two-

stroke cycle spark ignition (5), four-stroke cycle compression ignition (6), and two-stroke 

cycle compression ignition (4). The number of animations for each operational theory is 

reflective of the complexity of each theory, the quality and capabilities of each animation 

and finally, the availability of animations for each operational theory. 

Each animation was "looped," that is, the animations played continuously until 

stopped by the instructor. Through practice and careftil planning the instructor spent 
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approximately the same amount of time for each animation slide that was spent on it's 

still counterpart in the control group. 

Finally, all animations are without sound or narration. The instructor narrated each 

illustration and animation in both treatment and control. According to Mayer and 

Anderson (1991, 1992) the presence of narration during animation or visual stimuli is the 

most effective in the development of referential connections when considering the dual-

coding theory. 

Illustrations utilized in the study were in color and black & white. Also, all 

illustrations were electronic in nature and have either been scanned into electronic format 

or downloaded from the Internet. A majority of the illustrations are in ,jpeg or ,gif 

format. Illustrations refer to any graphic, photograph, artwork, etc. that serves as still 

visual representation of an object, process, event, person, etc, (Mayer & Sims, 1994). 

Many of the illustrations utilized in this study were developed from the animations 

in the treatment condition. Simple screen captures or "snapshots" allowed the researcher 

to develop still illustrations of the identical animations that were utilized in the treatment 

group. These illustrations were also utilized in the treatment group as well. 

Illustrations precluded all animations in the treatment condition. This allowed time 

for the instructor to explain the theoretical processes for each engine before playing the 

animation for each of the respective Power Point® presentations. Illustrations in the 

treatment group were for this purpose only. 

Illustrations in the control group were utilized in the same manner, but all 

animations were replaced with additional illustrations. This was done in order to ensure 
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that both the treatment and control Power Point® presentations and lessons were exactly 

the same length. As in the treatment group, not all illustrations were instructional, some 

were used as orienting illustrations or attention gaining devices. 

For the control group a total of 46 of the 52 Power Point® slides (Appendix D) 

contained some type of illustration. Eight of the illustrations were simple attention 

gaining devices that had no instructional purpose, but were related to agricultural power 

technology. These illustrations were included so that every instructional slide would 

have an illustration. Thirty-eight instructional-based illustrations were utilized in the 

control group, with ten of the thirty-eight being repeated in order to illustrate differing 

renditions of the same engines. This was also done in order to equalize slide number 

between the treatment and control groups. 

The total number of illustrations for each operational theory was; four-stroke cycle 

spark ignition (reciprocating) (10), four-stroke cycle spark ignition (rotary) (9), two-

stroke cycle spark ignition (10), four-stroke cycle compression ignition (10), and two-

stroke cycle compression ignition (6). The number of illustrations for each operational 

theory was reflective of the complexity of each theory, the quality of each illustration and 

finally, the number of slides utilized by animafions in the treatment condifion. 

Finally, all illustrations are without sound or narration. The instructor narrated 

each illustration in both treatment and control groups. According to Mayer and Anderson 

(1991, 1992), the presence of narration during animation or visual stimuli is the most 

effective in the development of referential connections when considering the dual-coding 

theory. 
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The realia utilized in this experiment consisted of actual engine components and 

engine cutaways. An engine cutaway is an actual engine that has had components cut in 

order to reveal the inner workings of the engine. All components were random 

components from automotive, agricultural and small engine applications and were meant 

to teach concepts and operations that are representative of most internal combustion 

engines. For the purposes of this study, the term realia was used to describe any and all 

actual physical parts, components, cutaways, models, etc., used for the instruction of 

agricultural power technology. 

The scarcity and cost of cutaways restricts the author's ability to utilize a single 

cutaway for each operational theory. Even with this lack of availability, the cutaways 

used were more than satisfactory for the explanation of all operational theories. This 

assumption can be made because this is the traditional method in which such courses are 

taught. For example, it is impractical to have a two-stroke cycle compression ignition 

engine cutaway because of size and space restrictions, but a piston from one of the 

engines was available in order to show the engine's scale, while the operational theory 

can be taught using illustrations, animations, and engine components. 

Engine cutaways that were available include; one single-cylinder four-stroke cycle 

spark ignifion engine with an "L-head" valve arrangement," one double-rotor Mazda 

rotary engine model (borrowed from Texas A&M University), one single-cylinder two-

stroke cycle spark ignition engine, (constructed by the researcher) that was extracted 

from a typical line trimmer, and one four-cylinder inline four-stroke cycle spark ignition 

engine with an "l-head" valve arrangement (also borrowed from Texas A&M 
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University), Engine cutaways are heavy and awkward to handle, therefore, they were 

demonstrated by the instructor and not handled by the participants during the lessons. 

Only engine components vital to the operational theory of each engine were 

utilized. Therefore, cylinders, pistons, connecting rods, crankshafts, valves, diesel 

injectors, and rotors (rotary engine) were used in the experiment. The size of engine 

components are typically less than that of a cutaway; therefore, components were passes 

around the room to students. As stated previously, all components are random 

components from automotive, agricultural and small engine applications and are meant to 

teach concepts that are true to most internal combustion engines. 

Data Analysis 

Participants marked their responses to all pretest and posttest measures on a 

Scantron® Form No. 882-E, Immediately following each measure the researcher graded 

each of the participant's forms. The Scantron® grading machine yielded total scores for 

each test, while low and high cognition scores were calculated by hand. Upon 

completion of each of the three rounds, data were entered into and analyzed using SPSS 

for Windows®. 

Descriptive data were collected and include immediate and delayed posttest scores, 

gender, GPA, classification, major, reason for taking the course, and perceived 

mechanical aptitude. All descriptive data were analyzed and presented in the form of 

counts, percentages, means, standard deviations, standard error and confidence intervals. 
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A preliminary analysis of collected data was conducted in order to determine if the 

use of ANCOVA would yield tenable results. Before ANCOVA can yield accurate 

results the selected variable must be found to correlate with the dependent variable as 

well as meet the assumptions of linearity and homogeneity of slopes (Winer, Brown, & 

Michels, 1991; Kirk, 1995, Ary, Jacobs, & Razavieh, 1996; Gay & Airasian, 2000; 

Green, Salkind, & Akey, 2000; Creswell, 2002). In Table 3.3, Pearson Product-Moment 

correlations are reported for covariates that were selected a priori. 

Table 3.8 
Pearson Product-Moment Correlations for A Priori Covariates and Dependent Variables 

Covariate 
Dependent Variables 
Low-Level Immediate Posttest 
High-Level Immediate Posttest 
Total Immediate Posttest 
Low-Level Delayed Posttest 
High-Level Delayed Posttest 
Total Delayed Posttest 

GPA 
.074 
.215 
,191 
,046 
.107 
,083 

LLPS 
.081 
.038 
.063 
.211 
.178 
,250 

HLPS 
.121 
.116 
,134 
,161 
.124 
.185 

TPS 
,140 
.111 
,140 
,264 
.212 

,307"^ 

* Correlation is significant at the 0,05 level (2-tailed), 
Note: 
GPA - Student Grade Point Average 
LLPT - Low-Level Pretest Score 
HLPT - High-Level Pretest Score 
TPS - Total Pretest Score 

The Pearson-Product Moment correlafions for the selected covariates indicate that 

only one significant correlation existed. According to Winer, Brown, and Michels 

(1991), Ary, Jacobs, and Razavieh, (1996), Gay and Airasian, (2000), Green, Salkind, 

and Akey, (2000), and Creswell, (2002) selected covariates must be correlated to the 

dependent variable if they are to be effective group equalizers. The only significant 

correlation that existed (r=,307) was between the total pretest and the total delayed 
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posttest. Since consistent significant correlations could not be achieved between 

covariates and dependent variables, ANCOVA was not utilized in the analysis of data. 

Tests for significant treatment effects for each hypothesis would have been made 

utilizing an analysis of covariance (ANCOVA) if covariates selected a priori correlated 

with the dependent variables. Therefore, an analysis of variance was utilized. The 

assumptions for ANOVA must first be considered before the analysis can be accepted. 

The assumptions for analysis of variance (ANOVA) must be tenable, but it is noted that 

analysis of variance is robust with respect to certain violations (Kirk, 1995; Hinkle, 

Wiersma, & Jurs, 1998), The following are assumptions for an analysis of variance 

,according to Winer, Brown, and Michels (1991), Kirk, (1995), Hinkle, Wiersma, and 

Jurs, (1998), and Green, Salkind, and Akey (2000). First, drawn samples must be random 

and independent if they are representative of the population. If the independence 

assumption is violated, the test will yield inaccurate results (Green et al, 2000). Second, 

samples are selected from normally distributed populations. This assumption can be 

tested utilizing a "goodness-of-fit" test (available in SPSS) (Hinkle, Wiersma, & Jurs, 

1998) or, according to Green, Salkind, and Akey (2000), sample sizes of fifteen or greater 

are ample in order to satisfy this assumption. Finally, the assumption of homogeneity of 

variance must be met, that is, variances of the distributions in the populations are equal. 

Typically, it can be assumed that if sample cell sizes are equal, the homogeneity of 

variance assumption has been met (Kirk, 1995). As mentioned previously, cell sizes for 

groups were unequal; therefore, un-weighted means (estimated marginal means) are 

reported in Chapter IV (Green et al., 2000), /Uso, given that the data was analyzed using 
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SPSS for Windows®, tests for homogeneity were run during the overall analysis. 

Levene's test for homogeneity of variance was utilized and yielded a significant 

difference for research objective 2, An independent sample /-test was conducted in order 

to investigate. Results of the test for unequal variances indicated that variances for 

research hypothesis 2 are indeed homogenous (Green et al., 2000), Detailed results will 

be given in Chapter IV 

An analysis of variance divides a group on particular variables and compares the 

groups based upon group means (Green, Salkind, & Akey, 2000), ANOVA detects 

significant differences between group means. If more than two levels (groups) are 

present, post hoc muhiple-comparison tests would be required in order to determine 

which groups differed from one another. Because the current study focuses on two 

groups only, these follow-up procedures were unnecessary, ANOVA utilizes an F-ratio 

which employs the variance in group means in order to make comparisons between 

groups (Ary, Jacobs, & Razavieh, 1996). This makes ANOVA more versatile when more 

than two group means are present. According to Ary et al, (1996), the general rationale 

for the use of ANOVA is that the total variance for groups can be divided into two 

sources, which are variance between groups and variance within groups. 

When only two groups exist, as with the current study, ^tests and ANOVA will 

yield identical results. In this case, ANOVA was ufilized because of the researcher's 

familiarity with the analysis and because ANCOVA was to be used as the initial analysis. 
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The following null hypotheses were tested at the/; < .05 level. 

Hoi. There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the immediate low-level cognitive test scores. 

Ho2; There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the immediate high-level cognitive test scores. 

Ho3: There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the total immediate cognitive test scores. 

Ho4: There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the delayed low-level cognitive test scores. 

Ho5: There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the delayed high-level cognitive test scores. 

Ho6; There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the total delayed cognitive test scores. 
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CHAPTER IV 

FINDINGS AND RESULTS 

Introduction 

The purpose of the study was to determine if any measurable learning effects would 

result from the use of computer generated animations as an added visual display for 

students enrolled in an agricultural power technology course. Undergraduate students 

enrolled in the course were studied in order to determine if significant differences exist 

between students who view computer generated animations that were added to the 

traditional barrage of visuals, in comparison to students who view only the traditional 

visual tools. 

The previous chapter described the methodology used in the experimental study. 

The context of the study, representative population and sample, data collection, 

instrumentation, lesson content and treatment, and data analyses were discussed. Chapter 

IV presents the results of the data analysis generated from the representational sample 

participants. There are a total of seventeen tables used in Chapter IV to present the data 

analysis and the accompanying narrative. 
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The following research hypotheses were tested, (Note change in covariate format 

here from Chapter I.) 

1. Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the immediate low-level cognitive posttest than students 

in the illustration/realia group (traditional group), 

2. Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the immediate high-level cognitive posttest than students 

in the illustration/realia group (traditional group). 

3. Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the immediate cognitive posttest than students in the 

illustration/realia group (traditional group), 

4. Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the delayed low-level cognitive posttest than students in 

the illustration/realia group (traditional group). 

5. Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the delayed high-level cognitive posttest than students in 

the illustrafion/realia group (tradittonal group). 

6. Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the delayed cognitive posttest than students in the 

illustration/realia group (traditional group). 
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Univariate Analysis Resuhs 

Descriptive data were collected and include pretest scores, immediate and delayed 

posttest scores, gender, GPA, classification, major, reason for taking the course, and 

perceived mechanical aptitude. 

Participants were self-selected for the course as well as the study by registering for 

Agricultural Engineering 2013 - Agricultural Power Units, which is offered every fall 

and spring semester of the year. An original self-selected sample (n=56) was initially 

identified for this experiment. After all testing measures were delivered, a reduced 

number of valid scores (n=46) were available for analysis. Of the initial available 

participants, 41 (73.2%) of the original participants were male and 15 (26.8%) were 

female. Following data collection, the final number of participants available for analysis 

was n=46, of these, 34 were male (74%) and 12 (26%)) were female. 

The average age of the participants was 20,5 years (SD= 3,78) and the average 

cumulative GPA for all participants was 2,62 (SD=,55) on a 4,0 scale. Of the students 

who participated in the study, 25%) were freshmen, 39,3%o were sophomores, 12.5%) of 

the participants were juniors, and 10.7%o were seniors. All of the participants, with the 

exception of one (Industrial Technology), were Agricultural Services & Development 

(AS&D) majors. Agricultural Science Teacher Certification (Option I) majors were the 

most abundant majors in the course (46.4%)). Industry and Extension (Option III) majors 

were the second largest group (23.2%)) and AS&D International majors (3.6%o) and 

AS&D Agricultural Communications majors (3.6%)) rounded-out the specific AS&D 

98 



options. Finally, 8.9%) of the participants simply listed their major as Agricultural 

Services & Development and did not specify an option. 

When asked to indicate the reason that they were taking the class, 80,4%) of the 

participants indicated that the class was required by their major, the remainder specified 

that the class was being taken as an elective. Table 4.1 summarizes the responses given 

by the participants when asked about their perceived knowledge of agricultural power 

topics. The question was a Likert-type statement that asked the participant to do the 

following, "Circle one of the following that indicates your level of knowledge concerning 

agricultural power topics." Participants could choose from one of the following; (0) No 

Knowledge, (1) Very Little Knowledge, (2) Some Knowledge, and (3) Quite a Bit of 

Knowledge, 

Table 4,1 
Participant's Self-Perceived Knowledge of Agricultural Power Topics 

Overall 
No Knowledge = 0 
Very Little Knowledge = 1 
Some Knowledge = 2 
Quite a Bit of Knowledge = 3 

Percent 

1.8 
35.7 
50.0 
0.00 

M 
1.55 

SD 
.54 

Overall, a mean of 1.55 (SD = ,54) indicates that participants overall believed that 

they had very little to some knowledge. A negligible amount of participants indicated 

that they knew nothing about agricultural power topics, nor did any participants believe 

that they possessed vast quantities of knowledge in the subject. 

Table 4.2 reports estimated marginal mean scores, standard ertor, and confidence 

intervals for each testing administration during the course of the experiment for the 

tradittonal (control) and the animation (treatment) groups. It should be noted that 
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estimated marginal means (un-weighted means) have been reported because of unequal 

cell sizes between groups (Green, Salkind, & Akey, 2000). Estimated marginal means 

are reported for all objectives and further analysis, 

Table 4,2 
Summary of All Testing Administrations to Participants 

Traditional Group Animation Group 

Test 
Administration 

Confidence 
Interval (95%) 

Confidence 
Interval (95%) 

EMM SE Lower Upper EMM SE Lower Upper 
Low-Level 
Pretest 
High-Level 
Pretest 
Total Pretest 
Low-Level 
Immediate 
Posttest 
High-Level 
Immediate 
Posttest 
Total Immediate 
Posttest 

' Low-Level 
Delayed Posttest 
High-Level 
Delayed Posttest 
Total Delayed 
Posttest 

25,3 3,43 18,42 32,17 32,7 3,43 25.83 39.58 

21.2 3,54 14,11 28,33 

23,15 2,55 18,03 28,27 

74.3 4,80 64.59 83.91 

24.78 3.54 17,67 31,89 

28,8 2,55 23.69 33,94 

63 4,90 53,17 72,91 

47.6 4.95 37,65 57,60 56.6 5.06 46.38 66,75 

60.2 4.07 51.96 68.37 

63,9 5,14 53,52 74,23 

45.3 4,39 36,46 54,13 

53.3 3.89 45.45 61.14 

59,3 4,16 50.92 67.69 

57.9 5.25 47.33 68.49 

52.9 4.48 43,89 61.94 

55.2 3,98 47.16 63.19 

EEM - Estimated Marginal Mean 
SE - Standard Error 

In an initial, purely exploratory, investigation of the raw data, trends emerged that 

were of interest in further analysis. On all pretest measures, the animation group scored 

slightly better than the traditional group. This observation becomes more interesting 

when one considers the average GPA of the animation group in comparison to later 

posttest measures. An immediate observation can be made on both of the immediate and 
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delayed low-level cognition scores, the traditional group's performance was better than 

the animation group. The same can be said for the animation group in relation to both 

immediate and delayed high-level cognition scores. This observation tends to support 

individual retrieval aspects related to referential connections in the dual-coding theory. 

The traditional group outperformed the animation group on the total immediate measure, 

while the opposite was true for the delayed measure. 

Finally, another interesting observation was related to changes between scores on 

immediate and delayed testing for both groups. The traditional group fell further (-10.4 

percentage points) from the immediate low-level cognition to the delayed low-level 

cognition than did the animation group (-5.1 percentage points). While on the high-level 

immediate posttest to the high-level delayed posttest, the animation group fell further 

(-3,7 percentage points) than did the tradittonal group (-2,3 percentage points). It seems 

as if the two groups (the traditional, dominant in the low-level cognition tests, and the 

animation, dominant in the high-level cognitive tests) traded roles when their changes 

between immediate and delayed testing were considered. 

Analysis and Equity Between Traditional and Animation Groups 

An initial analysis was completed in order to verify equality between the traditional 

and animation groups. A series of one-way ANOVA's were utilized to determine if any 

significant differences existed between treatment and control groups. 

Tables 4,3-4.6 summarizes the results of the one-way ANOVA's that were used in 

equating the traditional and animation groups for significant differences on the following 
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variables: GPA, low-level pretest score, high-level pretest score, and total pretest score. 

Cumulative GPA was collected for both traditional and animation groups. Table 4.3 

summarizes differences between the traditional group (M=2,58, SD=,546) and the 

animation group (M=2,65, SD=,561), 

Table 4,3 
Analysis of Variance Comparing Traditional and Animation Group on GPA 
Group 
Traditional 
Animation 
Source 
Between 
Within 
Total 

* - 4.0 Scale 

SS 
,073 

16,549 
16.622 

df 
1 

54 
55 

M* 
2.58 
2,65 

MS 
.073 
.306 

F 
,238 

SD 
,546 
.561 

"" 

p 
.628 

Table 4,3 indicates that no significant differences exist between the traditional and 

animation group for student GPA. Therefore, the two groups can considered to be 

equivalent when considering grade point average. 

Low-level pretest scores were collected for both traditional and animation groups, 

Table 4.4 summarizes differences between the traditional group (M=25.3, SE=3,43) and 

the animation group (M=32.7, SE=3.43), 

Table 4.4 
Analysis of Variance Comparing Traditional and Animation Group on Low-Level 
Cognitive Pretest Scores 
Group 
Traditional 
Animation 
Source 
Between 
Within 
Total 

SS 
740.74 

16471.26 
17212.00 

df 
1 

52 
53 

M 
25,3 
32.7 

MS 
740.74 
316,76 

SD 
3,43 
3.43 

F 
2.339 

P 
.132 
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Table 4.4 indicates that no significant differences exist between the traditional and 

animation group on the low-level cognitive pretest scores. Therefore, the two groups can 

considered to be equivalent when considering low-level cognitive pretest scores. 

High-level pretest scores were collected for both traditional and animation groups, 

Table 4,5 summarizes differences between the traditional group (M=21.2, SE=3,54) and 

the animatton group (M=24,8, SE=3,54), 

Table 4.5 
Analysis of Variance Comparing Traditional and Animation Group on High-Level 
Cognitive Pretest Scores 
Group 
Traditional 
Animation 
Source 
Between 
Within 
Total 

SS 
170,67 

17627.33 
17798,00 

df 
1 

52 
53 

M 
21.2 
24.8 

MS 
170.67 
338.99 

F 
.503 

SD 
3.54 
3.54 

P 
481 

Table 4.5 indicates that no significant differences exist between the traditional and 

animation group on the high-level cognitive pretest scores. Therefore, the two groups 

can considered to be equivalent when considering high-level cognitive pretest scores. 

Total pretest scores were collected for both traditional and animation groups. Table 

4.6 summarizes differences between the tradittonal group (M=23.2, SE=2.55) and the 

animatton group (M=28.8, SE=2.55). 
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Table 4.6 
Analysis of Variance Comparing Traditional and Animation Group on Total Pretest 
Scores 
Group 
Traditional 
Animation 
Source 
Between 
Within 
Total 

SS 
433,50 
9147,48 
9580.98 

df 
1 

52 
53 

M 
23.2 
28.8 

MS 
433,50 
175,91 

SD 
2,55 
2.55 

F 
2.464 

P 
.123 

Table 4.6 indicates that no significant differences exist between the traditional and 

animation group for total pretest scores. Therefore, the two groups can considered to be 

equivalent when considering total pretest scores. 

Tables 4,7-4,10 summarizes one-way ANOVA's for the analysis utilized to detect 

any significant differences exist between participant sex and GPA, low-level pretest 

scores, high-level pretest scores, and total pretest scores. Cumulafive GPA was collected 

for both males and females. Table 4.7 summarizes any differences between males 

(M=2.54, SE=.084) females (M=2.84, SE=.139). 

Table 4.7 

Gender 
Males 
Females 
Source 
Between 
Within 
Total 

* - 4.0 Scale 

SS 
.996 

15.656 
16.622 

df 
1 

54 
55 

M* 
2.54 
2.84 

MS 
.996 
.290 

F 
3.33 

SD 
,084 
.139 

P 
,074 
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Although approaching significance. Table 4.7 indicates that no significant 

differences exist between the males and females on GPA. Therefore, the two groups can 

considered to be equivalent when considering grade point average. 

Low-level pretest scores were collected for both males and females. Table 4.8 

summarizes differences between males (M=28.8, SE=2.88) and females (M=29.6, 

SE=4.86). 

Table 4,8 
Analysis of Variance Comparing Males and Females on Low-Level Cognitive Pretest 
Scores 
Gender 
Males 
Females 
Source 
Between 
Within 
Total 

SS 
7,81 

17204.19 
17212.00 

df 
1 

52 
53 

M 
28.8 
29.6 

MS 
7,81 

330.85 

F 
,024 

SD 
2.88 
4.86 

P 
.878 

Table 4.8 indicates that no significant differences exist between males and females 

on low-level cognitive pretest scores. Therefore, the two groups can considered 

equivalent when considering low-level cognitive pretest scores. 

High-level pretest scores were collected for both males and females. Table 4.9 

summarizes differences between males (M=22,1, SE=2.92) and females (M=25.5, 

SE=4.93). 
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Table 4,9 
Analysis of Variance 
Scores 
Gender 
Males 
Females 
Source 
Between 
Within 
Total 

Comparing Males and Females on High-Level Cognitive Pretest 

SS 
118,13 

17679,88 
17798,00 

df 
1 

52 
53 

M 
22,1 
25,5 

MS 
118,13 
339,99 

SD 
2.92 
4,93 

F p 
,347 ,558 

Table 4,9 indicates that no significant differences exist males and females for high-

level cognitive pretest scores. Therefore, the two groups can considered equivalent 

when considering high-level cognitive pretest scores. 

Total pretest scores were collected for both males and females. Table 4.10 

summarizes differences between the males (M=25,5, SE=2.14) and females (M=27,4, 

SE=3,62), 

Table 4.10 
Analysis of Variance 
Gender 
Males 
Females 
Source 
Between 
Within 
Total 

Comparing Males and Females 

SS 
39,58 

9541,40 
9580.98 

df 
1 

52 
53 

M 
25,5 
27.4 

on Total Pretest Scores 

MS 
39.58 
183,50 

F 
,216 

SD 
2.14 
3.62 

P 
.644 

Table 4.10 indicates that no significant differences exist between the traditional and 

animation group for total pretest scores. Therefore, the two groups can considered to be 

equivalent when considering total pretest scores. 
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Considering the analysis that has been conducted, it can be assumed that all critical 

groupings of participants do not differ from one another. With the traditional and 

animation groups equated, as well as males and females in equilibrium, analysis could be 

conducted on immediate and delayed posttest measures without further adjustment. The 

following section focuses on the effects of animations in a lecture-style learning situation 

for a self-selecting and randomly assigned sample of undergraduate students. 

Principal Research Hypothesis 

The primary focus of the study was to investigate the effects of computer-generated 

animations in a lecture-style learning situation for a self-selected and randomly assigned 

sample of undergraduate students. The study is a combination of breaches found as a 

result of an extensive review of literature. The review illustrated that numerous studies 

indicated benefits to high-level cognitive orientation, therefore a low/high-level cognitive 

orientation was implemented (Baek & Layne, 1988; Agnew & Shinn, 1990; Rieber, 

1990a; Rieber, Boyce, & Assad, 1990; Mayer & Anderson, 1991, 1992, Park & Hopkins, 

1993; Williamson & Abraham, 1995; Nicholls, Merkel, & Cordts, 1996), The concept of 

effects related to animation on retention and delayed testing was investigated in a study 

conducted by Agnew and Shinn (1990). The researchers did not utilize animations, 

rather simulation activifies were utilized as an independent variable. The study served as 

insight for this investigafion because of limited investigation into delayed testing 

application. The dual-coding theory also offers implicattons for the use of animafions 

because of the development of referenttal connections, which offer a greater probability 
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of information recall following differentiating time lapse (Paivio, 1990; Rieber, 1990a). 

Therefore, the current study focused on animation effects on immediate and delayed 

posttests for low-level, high-level, and total cognition. 

Research Hvpothesis One 

Hoi: There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the immediate low-level cognitive test scores. 

The following research hypothesis was developed a p/'/o/v at the a = .05 level. 

Hoi: Pi = P2 

H a l : Hi ?t |i2 

As stated above, the null hypothesis of no differences is being tested between the 

traditional (\xi) and animation (1x2) groups for a low-level immediate posttest, or there will 

be no treatment effect in comparison across group means on a low-level immediate 

posttest. The alternative hypothesis states that significant measurable differences will be 

evident due to animation effects. Therefore, it has been hypothesized that the 

implementation of animated computer graphics will make a significant difference in 

immediate low-level cognitive learning. 

Research hypothesis one tests the hypothesis of no differences between traditional 

and animation groups. Table 4.11, summarizes the results of an analysis of variance 
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utilized to test the hypothesis of no differences between the traditional and animation 

groups. 

Table 4.11 
Analysis of Variance Comparing Traditional and Animation Groups on Immediate Low-
Level Cognitive Posttest Scores 

Group 
Traditional 
Animation 
Source 
Between 
Within 
Total 

SS 
1474.97 

24855.46 
26330.43 

df 
1 

45 
46 

M 
74.3 
63.0 

MS 
1474.97 
552,34 

SD 
4,80 
4,90 

F 
2.670 

P 
.109 

Although the traditional group (M=74.3, SE=4.80) did score higher on the 

immediate low-level posttest in comparison to the animation group (M=63.0, SE=4.90), 

no significant differences were detected. This finding was surprising, especially when 

taking into account the animation group's slight advantage on pretest and GPA variables. 

Nevertheless, according to the non-significant F-ratio, the addition of animated visuals 

did not significantly increase learning when compared to the traditional method of 

instruction 

Research Hypothesis Two 

Ho2; There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the immediate high-level cognitive test 

scores. 

The following research hypothesis was developed a priori at the a = .05 level. 
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Ho2: |.i] = p2 

Ha2: |LII ^ ll2 

As stated above, the null hypothesis of no differences is being tested between the 

traditional (m) and animation (1U2) groups for a high-level immediate posttest, or there 

will be no treatment effect in comparison across group means or\ a high-level immediate 

posttest. The ahernative hypothesis states that significant measurable differences will be 

evident due to animation effects. Therefore, it has been hypothesized that the 

implementation of animated computer graphics will make a significant difference in 

immediate high-level cognitive learning. 

During the test for homogeneity of variances for the second hypothesis, a 

significant Levene's Statisttc (6.481, df-l=l, df-2=45,p=.014) was detected. This 

indicated a potential heterogeneous situation for group variances. Therefore, an 

independent-sample /-test was performed (Table 4.12) in order to validate the Levene's 

test (Green, Salkind, & Akey, 2000), 

Table 4,12 
Independent-Sample Mest Validation of Homogeneity of Variance for Traditional and 
Animation Groups on High-Level Immediate Posttest 

Equal Variances 
Assumed 
Equal Variances 
Not Assumed 

Levene's Test for 
Equality of Variances 

F p 

6,481 .014* 

t 

1.263 

1.274 

Mest for Equality of Means 

df ;? MD SED 

45 .213 8.940 7.08 

39.387 .210 8.940 7.02 

C I -
Lower 

-5.32 

-5 25 

95% 
Upper 

23.20 

23,13 

* - Significance detected at .05 level. 
MD = Mean Difference 
SED = Standard Error Difference 
CI-95% = 95% Confidence Interval of the Difference 
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According to Table 4.12, a significant p-value exists for Levene's Test, but upon 

fijrther examination of the /-test for equity of means, it is revealed that the means are 

indeed homogeneous (/=1.274, p=.210) in light of a non-significant /-test. Squaring the /-

value for the /-test (/-'=1,623) and comparing it to the F-ratio in Table 4,13 for equitable 

stature allowed the researcher confirm the results of the test. It was confirmed that 

variances were equal for research hypothesis two. 

Research hypothesis two tests the hypothesis of no differences between traditional 

and animation groups. Table 4.13 summarizes the results of an analysis of variance 

utilized to test the hypothesis of no differences between the traditional and animation 

groups. 

Table 4,13 
Analysis of Variance Comparing Traditional and Animation Groups on Immediate High-
Level Cognitive Posttest Scores 

Group 
Traditional 
Animation 
Source 
Between 
Within 
Total 

SS 
938,72 

26487.28 
27426,00 

df 
1 

45 
46 

M 
47.6 
56,6 

MS 
938.72 
588.61 

SD 
4.95 
5.06 

F 
1.595 

P 
.213 

Although the tradifional group (M=47.6, SE=4.95) did score lower on the 

immediate high-level posttest in comparison to the animation group (M=56.6, SE=5.06), 

no significant differences were detected. Although not significant, this finding lends 

support to prior research and the dual-coding theory. Nevertheless, according to the non

significant i^-ratio, the addition of animated visuals did not significantly increase learning 



when compared to the traditional method of instruction, any differences in scores must be 

interpreted as completely by chance. 

Research Hypothesis Three 

Ho3: There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the total immediate cognitive test scores. 

The following research hypothesis was developed a priori at the a = .05 level. 

Ho3: |ai = p2 

Ha3: ILII ^\X2 

As stated above, the null hypothesis of no differences is being tested between the 

traditional (p.]) and animation (1̂ 2) groups for all immediate posttest scores, or there will 

be no treatment effect in comparison across group means on the total immediate posttest. 

The ahernative hypothesis states that significant measurable differences will be evident 

due to animation effects. Therefore, it has been hypothesized that the implementation of 

animated computer graphics will make a significant difference on immediate cognitive 

learning. 

Research hypothesis three tests the hypothesis of no differences between tradittonal 

and animation groups. Table 4.14 summarizes the results of an analysis of variance 

utilized to test the hypothesis of no differences between the traditional and animatton 

groups. 
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Table 4,14 
Analysis of Variance Comparing Traditional and Animation Groups on Total Immediate 
Cognitive Posttest Scores 

Group 
Traditional 
Animation 
Source 
Between 
Within 
Total 

SS 
8.733 

17920.20 
17928.94 

df 
1 

45 
46 

M 
60,2 
59.3 

MS 
8,733 

398,23 

F 
.022 

SD 
4,07 
4,16 

P 
,883 

The traditional group (M=60,2, SE=4.07) and the animation group (M=59.3, 

SE=4.16) scored quite similar on the total immediate posttest, thus no significant 

differences were detected. According to the non-significant F-ratio, the addition of 

animated visuals did not significantly increase learning when compared to the traditional 

method of instrucfion. 

Research Hypothesis Four 

Ho4: There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the delayed low-level cognitive test scores. 

The following research hypothesis was developed a priori at the a = .05 level. 

Ho4; pi = p2 

Ha4: pi 9̂  \X2 

As stated above, the null hypothesis of no differences is being tested between the 

traditional (\Xx) and animation (^2) groups for a low-level delayed posttest, or there will 
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be no treatment effect in comparison across group means on a low-level delayed posttest. 

The alternative hypothesis states that significant measurable differences will be evident 

due to animation effects. Therefore, it has been hypothesized that the implementation of 

animated computer graphics will make a significant difference in delayed low-level 

cognitive learning. 

Research hypothesis four tests the hypothesis of no differences between traditional 

and animation groups. Table 4.15 summarizes the results of an analysis of variance 

utilized to test the hypothesis of no differences between the traditional and animation 

groups. 

Table 4.15 
Analysis of Variance Comparing Tradittonal and Animation Groups on Delayed Low-
Level Cognitive Posttest Scores 

Group 
Traditional 
Animation 
Source 
Between 
Within 
Total 

SS 
417.46 

28554,45 
28971.92 

df 
1 

45 
46 

M 
63,9 
57.9 

MS 
417.46 
634.54 

F 
.658 

SD 
5.14 
5.25 

P 
422 

Although the traditional group (M=63.9, SE=5.14) did score higher on the delayed 

low-level posttest in comparison to the animation group (M=57.9, SE=5.25), no 

significant differences were evident. This finding was consistent with the immediate 

low-level cognitive examination. Also, the consistency of no-difference between groups 

on a delayed measure is consistent with the findings of (Agnew & Shinn, 1990), 

According to the non-significant F-ratio, the addition of animated visuals did not 

significantly increase learning when compared to the traditional method of instruction. 
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Research Hvpothesis Five 

Ho5: There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the delayed high-level cognitive test scores. 

The following research hypothesis was developed a priori at the a = .05 level, 

Ho5: \i\ =\X2 

Ha5: pi 7^p2 

As stated above the null hypothesis of no differences is being tested between the 

traditional (pi) and animation (^2) groups for a high-level delayed posttest, or there will 

be no treatment effect in comparison across group means on a high-level delayed posttest. 

The alternative hypothesis states that significant measurable differences will be evident 

due to animation effects. Therefore, it has been hypothesized that the implementation of 

animated computer graphics will make a significant difference in delayed high-level 

cognitive learning. 

Research hypothesis five tests the hypothesis of no differences between traditional 

and animation groups. Table 4.16 summarizes the results of an analysis of variance 

utilized to test the hypothesis of no differences between the traditional and animation 

groups. 
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Table 4,16 
Analysis of Variance Comparing Traditional and Animation Groups on Delayed High-
Level Cognitive Posttest Scores 
Group 
Traditional 
Animation 
Source 
Between 
Within 
Total 

SS 
682,19 

20780,78 
21462.98 

df 
1 

45 
46 

M 
45,3 
52,9 

MS 
682.19 
461.80 

SD 
4,39 
4,48 

F 
1.477 

P 
.231 

Although the animation group (M=52.9, SE=4,48) did score higher on the delayed 

high-level posttest in comparison to the traditional group (M=45.3, SE=4,39), no 

significant differences were detected. This finding, although not significant, supports 

dual-coding as does hypothesis number two. Nevertheless, according to the non

significant F-ratio, the addition of animated visuals did not significantly increase learning 

when compared to the traditional method of instruction, therefore no treatment effect can 

be inferred because the probability of a Type I error is greater than five percent. 

Research Hypothesis Six 

Ho6: There is no significant difference between the illustration/realia group and the 

illustration/realia/animation group on the total delayed cognitive test scores. 

The following research hypothesis was developed a priori at the a = .05 level. 

Ho6: pi = P2 

Ha6: (ii ^ p2 



As stated above the null hypothesis of no differences is being tested between the 

traditional (pi) and animation (p2) groups for a total delayed posttest, or there will be no 

treatment effect in comparison across group means on a total delayed posttest. The 

alternative hypothesis states that significant measurable differences will be evident due to 

animation effects. Therefore, it has been hypothesized that the implementation of 

animated computer graphics will make a significant difference in total delayed cognitive 

learning. 

Research hypothesis six tests the hypothesis of no differences between traditional 

and animation groups. Table 4.17 summarizes the results of an analysis of variance 

utilized to test the hypothesis of no differences between the traditional and animation 

groups. 

Table 4.17 
Analysis of Variance Comparing Traditional and Animation Groups Total Delayed 
Cognitive Posttest Scores 
Group 
Traditional 
Animation 
Source 
Between 
Within 
Total 

SS 
41,61 

16378,26 
16419.87 

df 
1 

45 
46 

M 
53,3 
55.2 

MS 
41.61 
363.96 

F 
,114 

SD 
3,89 
3.98 

P 
.737 

Although the tradittonal group (M=53.3, SE=3.89) did not score as high on the total 

delayed posttest in comparison to the animation group (M=55.2, SE=3.98), no significant 

differences were detected. Nevertheless, according to the non-significant F-ratio, the 

addition of animated visuals did not significantly increase learning when compared to the 

traditional method of instruction for the total delayed posttest. 
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CH/LPTER V 

SUMMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Introduction 

Chapter V presents a brief summary of the purposes of the study as well as 

conclusions, recommendations that were derived from findings in Chapter IV This 

chapter is comprised of three sections. A general summary of the study is presented in 

section one. Section two presents a review of the findings for each research question, 

while section three discusses recommendations that were a direct result of the 

investigation. 

Summary 

The primary purpose of the study was to determine if any measurable learning 

effects would result from the use of computer-generated animations as an added visual 

display for students enrolled in an agricultural power technology course. Undergraduate 

students enrolled in the course were assessed in order to determine if significant 

differences exist between students who view computer generated animations added to the 

traditional barrage of visuals, in comparison to students who view only the traditional 

visual tools. 

A review of classic and current literature indicates several important considerations 

that gave focus to the study. The review emphasized the theoretical foundation for the 

investigation as well as the visual variables that are the impetus of the study (animation. 
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still illustration and realia). Through these sections, familiar themes were linked to levels 

of cognition and some cognitive processes of learning related to visualization. The dual-

coding theory was the theoretical foundation for the study and provided support for the 

methodology utilized therein. The dual-coding theory paints a vivid picture of cognition 

through verbal logogens and non-verbal imagery for encoding. Literature related to 

animation, illustration, and realia offered direct insight to the benefits of each form of 

visual and kinesthetic applications utilized in learning and research. Many of the same 

benefits (problem-solving transfer, retention, motivation, etc.) emerge from each of type 

of visual elaboration, but the crux of the investigation focused on what animation offers 

that the others may not. Motion and trajectory are two realistic features of animation that 

are typically not supported by illustration or realia (Rieber, 1990a). 

Although the benefits may seem evident, the literature also highlights many of the 

pitfalls related to animation research that have affected previous studies. Primarily, the 

correct philosophical orientation for the utilization of animated sequences must be 

considered for content areas. For example, animation is not appropriate for every 

instructional topic, only those that are ambiguous, vague, abstract, hidden from view, and 

can benefit from the illustration of trajectory and motion. Unless these conditions are 

satisfied, the effects of animation are negated. Also, those interested in the application of 

animations must be aware that animation is most effective when applied to behavioral or 

a combination of behavioral and cognitive content, strictly cognitive information does not 

benefit from the use of animation (Park & Hopkins, 1993). 
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Other research findings in illustration and realia literature have exemplified the 

commonalities shared by the three modes of visual elaboration. Therefore, this study 

attempted to single-out the individualistic benefits harbored uniquely in educational 

animation. 

The following research hypotheses were tested, (Note change in covariate format 

here from Chapter I): 

1, Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the immediate low-level cognitive posttest than students 

in the illustration/realia group (traditional group). 

2, Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the immediate high-level cognitive posttest than students 

in the illustration/realia group (traditional group), 

3, Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the immediate cognitive posttest than students in the 

illustration/realia group (traditional group). 

4, Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the delayed low-level cognitive posttest than students in 

the illustration/realia group (traditional group), 

5, Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the delayed high-level cognitive posttest than students in 

the illustration/realia group (traditional group). 

120 



6, Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the delayed cognitive posttest than students in the 

illustration/realia group (traditional group). 

Conclusions 

Research Hvpothesis One 

Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the immediate low-level cognitive posttest than students in the 

illustration/realia group (traditional group). 

The resuhs from this study indicate the addition of animation to an agricultural 

power lesson did not significantly increase low-level cognitive understanding for students 

viewing animation as compared to students who did not view animation when measured 

on an immediate posttest. Although no significance was detected, an interesting inter-

group consistency developed between the traditional and animation groups. Participants 

in the traditional group outperformed their counterparts in the animation group on the 

immediate low-level cognition posttest measure. This finding is consistent with prior 

research that has found that, typically, no differences exist between animation and 

illustration/realia when considering low-level recall information (Mayer, 1989a; Rieber, 

1990a, 1990b, 1991; Rieber, Boyce, & Assad, 1990; Rieber & Kini, 1990; Mayer & 

Anderson, 1991, 1992; Park & Hopkins, 1993). If asking students to perform simple 

tasks related to remembering and processing (Newcomb & Trefz, 1987), still illustrations 

and realia are just as effective as computer-generated animation. This finding may be 
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fijrther reinforced by the findings of Park and Hopkins (1993), who found that static 

visual displays that imply motion are just as effective as animated visuals. All of the still 

illustrations in this investigation implied motion. 

Research Hypothesis Two 

Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the immediate high-level cognitive posttest than students in the 

illustration/realia group (traditional group). 

The results from this study indicate the addition of animation to an agricultural 

power lesson did not significantly increase high-level cognitive understanding for 

students viewing animation as compared to students who did not view animation when 

measured on an immediate posttest. Although no significance was detected, an 

interesting inter-group consistency developed between the traditional and animation 

groups. A non-significant lesser finding did emerge from this investigation that is 

consistent with prior research. This lesser finding has established empirical support 

concerning the benefit of animation to higher order thinking (Baek & Layne, 1988; 

Agnew & Shinn, 1990; Rieber, 1990a; Rieber, Boyce, & Assad, 1990; Mayer & 

Anderson, 1991, 1992; Park & Hopkins, 1993; Williamson & Abraham, 1995; Nicholls, 

Merkel, & Cordts, 1996). 
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Research Hypothesis Three 

Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the immediate cognitive posttest than students in the 

illustration/realia group (traditional group). 

The results from this study indicate the addition of animation to an agricultural 

power lesson did not increase immediate student learning. This question was answered 

through analysis and results of research hypothesis number three because there were no 

significant differences in the traditional group when compared with the animation group 

on the total immediate posttest. 

The consistency of this finding lies with the inconsistency of animation research 

overall. Numerous studies have investigated animation effects and results have been 

mixed. Those who have subscribed to proper philosophical orientations and established 

experimental practices have proven the benefits of animation to learning. This study 

closely followed the recommendations and findings of previous research in order that 

previous pitfalls be avoided. Therefore, it is difficult to state with confidence why 

animation did not provide added benefit to learners. 

Although the researcher's "hunch," mentioned in Chapter I, and prior empirical 

findings were not substantiated, one could hypothesize about other possible concomitant 

factors that may have been evident in the experiment, which were unrecognized by the 

researcher. One possible factor is subject age. Pressley (1977) suggested that students 

who are adult learners and have a developed store of background schema may not need 

the benefit offered by visualization. Also, the animation group, although not significant. 
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did score lower on the immediate posttest. This detail alone would not have caused 

suspicion, except for the fact that participants in the animation group had a higher overall 

grade point average and pretest score. Nevertheless, it was discovered after data were 

collected and analyzed indicating that GPA and pretest scores were not adequately 

correlated to any of the posttest measures to be of any significance to the study. Indeed, 

what could cause such a lull in performance? The author believes that the pivotal 

component of the study was the initial lesson and immediate posttest measure for both 

groups. Therefore, the state of participants during this portion of the inquiry is just as 

vital for the indication of actual results. 

Research Hypothesis Four 

Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the delayed low-level cognitive posttest than students in the 

illustration/realia group (traditional group). 

The resuhs from this study indicate the addition of animation to an agricultural 

power lesson did not significantly increase low-level cognitive understanding for students 

viewing animation as compared to students who did not view animation when measured 

on a delayed posttest. This finding was consistent with the findings of Agnew and Shinn 

(1990), because low-level learning decay was not dramatically different for either group. 

Although no significance was detected, an interesting inter-group consistency developed 

between the traditional and animation groups. Participants in the traditional group 

outperformed their counterparts in the animation group on the delayed low-level 
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cognition posttest measure. This finding is consistent with prior research that has found 

that, typically, no differences exist between animation and illustration/realia when 

considering low-level recall information (Mayer, 1989a; Rieber, 1990a,1990b, 1991; 

Rieber, Boyce, & Assad, 1990; Rieber & Kini, 1990; Mayer & Anderson, 1991; Mayer & 

Anderson, 1992; Park & Hopkins, 1993), It is noted however, that the mean difference 

between groups for the delayed low-level posttest was not as dramatic in comparison to 

the mean difference between groups for the immediate low-level posttest. 

If asking students to perform simple tasks related to remembering and processing 

(Newcomb & Trefz, 1987), still illustrations and realia are just as effective as computer-

generated animation on an immediate or delayed posttest. This finding may be further 

reinforced by the findings of Park and Hopkins (1993), who found that static visual 

displays that imply motion are just as effective as animated visuals. All of the still 

illustrations in this investigation implied motion. 

Research Hypothesis Five 

Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the delayed high-level cognitive posttest than students in the 

illustration/realia group (traditional group). 

The results from this study indicate that the addition of animation to an agricultural 

power lesson did not significantly increase high-level cognitive understanding for 

students viewing animation as compared to students who did not view animation when 

measured on a delayed posttest. This finding is also consistent with Agnew and Shinn 
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(1990), because no significant findings were detected for a delayed high-level posttest. 

Although no significance was detected, an interesting inter-group consistency developed 

between the traditional and animation groups, 

A non-significant lesser finding related to high-level cognition did emerge from 

this investigation that is consistent with prior research. This lesser finding also has prior 

empirical support related to the benefit of animation to higher order thinking (Baek & 

Layne, 1988; Agnew & Shinn, 1990; Rieber, 1990a; Rieber, Boyce, & Assad, 1990; 

Mayer & Anderson, 1991,1992; Park & Hopkins, 1993; Williamson & Abraham, 1995; 

Nicholls, Merkel, & Cordts, 1996). 

Research Hvpothesis Six 

Students in the illustration/realia/animation group (animation group) will score 

statistically higher on the delayed cognitive posttest than students in the illustration/realia 

group (traditional group). 

The results from this study indicate the addition of animation to an agricultural 

power lesson did not allow students to retain more information following a duration of 

one week. This question was answered through analysis and results of research 

hypothesis number six because there were no significant differences in the traditional 

group when compared with the animation group on a delayed posttest. 

The purpose of this research question was to fijrther investigate the theoretical 

postulates of dual-coding as well as an animated extension of the research conducted by 

Agnew and Shinn (1990), Learning decay in both groups was consistent when 
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considering the overall delayed posttest measure. Although no significant differences 

existed, it is interesting to question why the traditional group who performed well on the 

pretest measure experienced more decay than that of the animation group. As with 

Agnew and Shinn (1990), no differences were detected, therefore it can be assumed that 

illustrations and realia have equal effects on learning when compared to illustrations, 

realia and animation. This conclusion mildly supports the theoretical dual-coding 

concept of increased long-term memory recall due to added referential connections. 

Although there was not a significant finding, it is interesting that the animation group 

performed better on the delayed posttest measure than did the traditional group. 

Discussion 

One analogy that could be posed in relation to this study is, "this ballgame is over, 

and the result was a draw," when considering significant and lesser results of this study. 

There were no statistically significant differences between either group on each measure. 

Therefore, one must conclude that animation did not benefit learning for this specific 

instance with the select student participants, or one could say that the effects of animation 

coupled with illustrations and realia had the same effects on learning as illustration and 

realia alone. The above analogy works equally well when lesser results are considered, 

the traditional group out performed the animation group on the total immediate posttest, 

low-level immediate posttest and the delayed low-level posttest, while the animation 

group performed at a higher level on the total delayed posttest, high-level immediate 

posttest and the high-level delayed posttest. This was the relationship alluded to in 
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hypotheses one, two, four and five, "Although no significance was detected, an 

interesting inter-group consistency developed between the traditional and animation 

groups," 

An immediate observation can be made that on both the immediate and delayed 

low-level cognition scores the traditional group's performance was better than the 

animation group. The same can be said for the animation group in relation to both 

immediate and delayed high-level cognition scores. This observation tends to support 

individual retrieval aspects related to referential connections in the dual-coding theory. 

The traditional group outperformed the animation group on the total immediate measure, 

while the opposite was true for the delayed measure. 

As mentioned in Chapter IV, another interesting observation involved changes 

between raw scores on immediate and delayed testing for both groups. The traditional 

group fell further (-10,4 percentage points) from the immediate low-level cognition to the 

delayed low-level cognition than did the animation group (-5,1 percentage points). While 

on the high-level immediate posttest to the high-level delayed posttest the animation 

group fell further (-3.7 percentage points) than did the traditional group (-2.3 percentage 

points). It seems as if the two groups, (the traditional, dominant in the low-level 

cognition tests, and the animation, dominant in the high-level cognitive tests) traded roles 

when their changes between immediate and delayed testing were considered. 

As eluded to earlier, the researcher believes that a possibility exists that groups 

were not equated on a concomitant variable related to students' motivation to learn. 

Many qualitative factors, which were not part of the current investigation, point to this as 
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a factor. Participants were initially assumed mechanically naive (Mayer & Anderson, 

1992), and novice learners in the area of agricultural power technology (Rieber, 1990a), 

due to pretest scores. Quantitatively, evidence is offered through initial pretest scores, 

student GPA, participant mortality, and immediate posttest scores. On all pretest 

measures the animation group scored slightly, but not significantly better than the 

traditional group. This observation becomes more interesting when one considers the 

average GPA of the animation group when compared to later posttest measures. 

Regardless, although the methodological approach was sound, the author would 

like to advise the readers to approach the findings and conclusions of this study with 

caution. Findings and conclusions were based upon a subset of students from a limited 

geographical location in the United States. Also, generalizability could also be limited 

due to the study's small sample size and limited available population. 

Recommendations 

Based on this study's findings and conclusions, the following recommendations for 

further action can be made. 

Recommendations for Improvement of Practice 

The review of literature for this inquiry strongly supports the use of visual 

elaboration in the classroom. Numerous benefits to learning are positively correlated 

with the use of visual imagery in education. It is therefore recommended that educators, 

when feasible, utilize visual elaboration of any shape, form, or fashion in order to 

129 



increase student learning and retention. Although significant effects were not found that 

support added learning due to computer-generated animation, their benefits, which have 

been proven in prior research, are not negated. Any concept or content that may be 

abstract, vague, hard to visualize, too fast or slow to see, or hidden from view can benefit 

from animated graphics, especially if motion and trajectory are important factors. 

Recommendations for Further Research 

First, it is recommended that this study be replicated to determine if the current 

study's findings are consistent. Replications should take place in related fields in 

different portions of the United States and abroad in order to detail the effects of 

animation on such topic in agricultural power technology. Also, replications should be 

performed with larger samples with dependent measures that are objective in nature, this 

reflects the reality of our current higher education system. The objective dependent 

measures should have an adequate number of test questions in order that reliable 

estimates of student achievement are achieved. Steps have already been taken by the 

author to perform an exact replication of the current study in order to validate results. 

Second, it is recommended that the current study be replicated with high school 

agricuhural science students across the state and nation, Pressley (1977) promoted the 

position that adult learners with preset mental models for understanding tend not to rely 

on visual stimulation through the learning process as much as young learners. 
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Third, the author would like to call for additional research with different 

combinations of illustration, realia and animation. Additional research will lead to a 

deepening in understanding that will add to the current and related disciplines. 

Fourth, the researcher recommends that further study be conducted in this area 

related to student spatial ability. As mentioned in Mayer and Sims (1994) and Mayer 

(1997), like prior experience, spatial ability can compensate for challenges to learning 

related to the educational situation, especially for low-level learners. The author would 

Uke to further recommend that the Group Embedded Figures Test (GEFT) be utilized to 

categorize students into spatial ability. 
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Department of Agricultural Services & Development 
A EN 2013 - Agricultural Power Units (Fall 2002) 

Syllabus approved on: / / 

L Course Description: Fundamentals of internal combustion engine operation to include gasoline, diesel, 
and liquefied petroleum. Preventative maintenance and general servicing of tractor engine systems: 
intake & exhaust; fuel: lubrication: cooling: electrical; power trains; and hydraulic. Also covered are 
tractor tune-up; small engine operation maintenance & reconditioning; and plumbing & irrigation 
power systems. 

II. Prerequisites: None 

III. Expanded Course Content: Other than information provided in the catalog description, 
students will be exposed to the following during lecture: introduction & history of the internal 
combustion engine, mathematical & physics concepts related to the Internal combustion engine, the 
spark ignition engine, the compression ignition engine, internal mechanisms of the internal combustion 
engine, fuels, carburetion & fuel injection. 

IV. Course Objectives: 
1. To develop an understanding of how the internal combustion engine functions. 
2. To expose students to a wide variety of agricultural & non-agricultural power units. 
3. To allow students to examine all facets of the systems that accompany the internal combustion engine. 
4. To develop an understanding of normal maintenance schedules for engines. 
5. To allow students to learn and utilize steps involved in troubleshooting engine systems. 
6. To engage students in activities that will strengthen their knowledge of internal combustion engine 

theory/operation, and will aid them in passing the information on to others. 

WJ^equired Text & Technolosy: 
1. Engines: Fundamentals ofSennce. John Deere Publications. 
2. Personal E-mail Address: Select assignments will be handed in & returned via e-mail. 

VI. General Course Policies & Information: 
• Attendance & Punctuality is Mandatory (ICou do not want to miss class or lab especially 

without a good reason.) (Absences may be excused if the instructor is contacted before the 
class or lab is missed.) 

• Tests and daily quizzes may not be made-up If missed. Late assignments will be subject to 
grade reduction. 

• The use of any and all tobacco products is strictly prohibited in all classrooms and 
laboratories within the Agricultural Building. 

• Classroom accommodations will be made for students with disabilities at the request of the 
student. 

• Academic Dishonesty (cheating of any kind) will be grounds for expulsion from the course. 

The course is structured as a three hour course. Students are expected to be in class on time and prepared 
for lecture and laboratory respectively. Walks, Exams, & any other factors that may affect the class' regular meeting 
time will be announced prior to the class in question. It is the responsibility of the student to obtain missed notes or 
assignments. 
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VII. Evaluation: 
Three exams and a final examination will be given throughout the semester The regular and final 

e.xams will all be worth the same percentage of your grade. Thus, only 3 exam grades will be taken, the lowest exam 
grade will be dropped. If you are satisfied with the average of the first three exam grade.?, the final is not mandatory. 
For those who take the final, it will be administered Tuesday. December JO"' (a) Sam, and will be comprehensive. Your 
course grade will be calculated from the following: 

Exam 1 -
Exam 2 -
Exam 3 -
Final Exam -
Laboratory Grade 

Research Report, Quizzes, & Dally Work -

20% 
20% 
20% 
20% 
•20% 
20% 

120% - The lowest exam grade will be dropped, 
which will leave a total of 100 percentage points 

.4t least one weeks notice will be given before each exam. Exams will be given in the True/False, 
Multiple Choice. Fill-m-the-Blank, Listing, and Short Answer formats 

Course Grades will be Assigned as Follows: 
100-90 A 
89-80 B 
79-70 C 
69-60 D 
59 &< F 

VIII. Laboratory: 
Safety: 

' Proper safety equipment is to be worn at all times. 
You are responsible for your own eve wear & grease razs. 

• Safety procedures will be discussed during the first lab. 
Attendance: 

- Laboratories are developed so that the student can gain knowledge by applying what is 
learned in class. Laboratories also give students hands-on experience, which is much more 
valuable than lecture alone. If you are not in lab you are missing out on what you will retain the 
most about the internal combustion engine. Thus, attendance is mandatory, therefore there are no 
free absences In lab, unless approved by the Instrvctor: 

IX. Contact Information & Course Times 

Instructor: 

Lecture: 

Laboratory: 

Kyle W. McGregor & Marlin Priddy 
Office: AS&D. 106. 968-9601 
Office Hours: MWF 8-5 (Call to check my schedule) 

9:25 - 10:40am Tuesday/Thursday 
AG - 308 

Section 510: 1:00-3:00pm. Monday 
Section 520: 3:10-5:10 pm. Monday 
Section 520: 1:00-3:00 pm. Thursday 
Section 520: 3:10-5:10 pm. Thursday 
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X. Class Schedule & Course Outline: 
UNIT ASSESSMENT 
Fuels 
Intr-oduction & History of the Internal Combustion Engine 

.^•?".'f r h ^°'!\^""''. ''^.^.. f.r'^.'^.'^p. ̂ ^.^„ 
Examh Oadii)-^^^^ 

The Spark Ignition Engine 
The Compression Ignition Engine & Scavenging, 

Super-charging, & Turbocharging 

f i i i l i i p i l p l i i l ^ l i S i i i W I ; ! + ^•V^H4tw^"^lVlM^^^Y^w^•l+^frH^^^^»H>frW>^H*t^^^*»Vm»^^^ 

f^M^MMmMK^ 
Internal Mechanisms of the Internal Combustion Engine 
Carburetion & Fuel Injection 

immmmmmm i i i l '^^^^f&^i^^m^^: 
l i i i i i j M i ? ; i i i i i ^ i l l i l i l l J l 

Lab Schedule & Outline: 

WMMmwM-lmM 
Aug. 26 & 29 

Sept. 2&5 
Sept. 9&12 
Sept. 16&19 
Sept. 23 & 26 
Sept 30 & Oct. 3 
Oct. 7&10 
Oct. 14&17 
Oct. 21 & 24 
Oct. 28 & 31 
Nov. 4&7 
Nov. 11 & 14 
Nov. 18 & 21 
Nov. 25 & 28 
Dec. 2&5 

W&Mmm&M^^^^^^^mMi 
Irrigation & Pluming Power Units 

No Lab - Labor Day 
Hydraidic Systems 

Vehicle Maintenance 
Basic Engine Components 

Small Engine Maint. & Micrometer 
Engine Disassembly 
Engine Measurement 
Engine Reassembly 
Engine Reassembly 

No Lab~TSU Invitational LDE 
Coolant Svstems 

Lubrication Svstems 
Winterizing & Electrical Systems 

Lab Final 

::p;;i:||||||»^^^^^ 
Irrigation & Pluming Power Units 

Hydraulic Systems 
Vehicle Maintenance 

Coolant Systems 
Lubrication Systems 

Winterizing & Electrical Systems 
Lab Midterm 

Basic Engine Components 
Small Engine Maint. & Micrometer 

Engine Disassembly 
Engine Measurement 
Engine Reassembly 
Engine Reassembly 

No Lab - Thanksgiving 
No Lab-Finals 

Department Head Approval; 

Signature Date 
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ANIMATION GROUP POWER POINT® PRESENTATION 
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TRADITIONAL GROUP POWER POINT® PRESENTATION 
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HUMAN SUBJECTS CONSENT FORM 
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TARLETON STATE UNIVERSITY 
SUBJECT CONSENT TO PARTICIPATE IN RESEARCH 

Title of Study. Effects of Computer Animated Instruction upon Cognition of Undergraduates in an 
Agricultural Power Technology Course 

Sponsor: Department of Agricultural Services & Development, Tarieton State University and Department of 
Agricultural Education & Conununications, Texas Tech University 

Investigators: Office Phone # Night & Weelcend 
1. Kyle W. McGregor 968-9601 965-3079 
2. 
3. 
4. 

You are being asked to participate in a research study. Persons who participate in research are entitled to 
certain rights. These rights include but are not limited to tlie subject's right to: 

1. Be informed of the nature and purpose of the research; 

2. Be given an explanation of the procedures to be followed in the research, and any drug or device to be 
utilized; 

3. Be given a description of any attendant discomforts and risks reasonable to be expected; 

4. Be given a disclosure of any benefits to the subject reasonable to be expected, if applicable; 

5. Be given a disclosure of any appropriate alternatives, drugs, or devices that might be advantageous to the 
subject, their relative risks and benefits; 

6. Be informed of the alternatives of medical treatment, if any, available to the subject during or after the 
experiment if complications arise; 

7. Be given an opportunity to ask any questions concerning the research and the procedures involved; 

8. Be instructed that consent to participate in the research may be withdrawn at any time, and the subject may 
discontinue participation without prejudice; 

9. Be given a copy of the signed and dated consent form; 

10. And be given the opportimity to decide to consent or not to consent to participate in research without the 
intervention of any element offeree, fraud, deceit, duress, coercion, or undue influence on the subject's 
decision. 

Participants should be informed that; 

1, You are not obligated to participate in the study, 
2, If you decide to participate you may withdraw at any time without penalty, 
3, There is no reward, {extra points toward course grade), for completing the study and no penalty for either not 
participating 

or withdrawing, 
4, The data collected will be confidential, 
5, Names of participants will not be used in any report, paper, or publication that results from this study 

Tarieton State University IRB Form tf 4 ^RB F i l e # 
Revised 11/01 Date Approved. 

Page 1 of 4 pages 
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Title: Effects of Computer Animated Instruction upon Cognition of Undergraduates in an 
Agncultural Power Technology Course 

You have the right to privacy. All information that is obtained in connection with this study that can be 
identified with you will remain confidential within the limits of State Law. Information gained from this 
study that can be identified with you will be released only to the investigators, and if appropriate, to your 
physician and the sponsors of the study. For studies regulated by the Food and Drug Administration (FDA), 
there is a possibility that the FDA may inspect your records. The results of this study may be published in 
scientific journals without identifying you by name. 

In addition, members and staff of the Institutional Review Board may review the records of your participation 
in this study, and you may be contacted by a representative of the Board for information about your 
experience with this study. If you wish, you may refuse to answer any questions the Board may ask of you. 
•We also would like for you to understand that your record may be selected at random (as by drawing straws) 
for examination by the Board to insure that this research project is being conducted properly. 

We will make every effort at preventing physical injury that could result from this research. Compensation 
for physical injures incurred as a result of participating in the research is not available. The investigators are 
prepared to advise you about medical treatment in case of adverse effects of these procedures, which you 
should report to them promptly. Phone numbers where the investigators may be reached are listed in the 
heading of this form. 

If you have any questions about the research or about your rights as a subject, we want you to ask us. If you 
have questions later, or if you wish to report a research-related injury (in addition to notifying the 
investigator), you may call the Chairman of the Institutional Review Board during office hours at (254) 968-
9463. 

Participation in this research study is entirely voluntary. Refusal to participate will involve no penalty or loss 
of benefits to which you are otherwise entitled. If you decide to participate, you are free to withdraw your 
consent and discontinue participation at any time without affecting your status (as a patient, student, 
employee, etc.), or the medical care that you will receive. 

Any significant new findings developed during the course of the research, which may relate to your 
willingness to continue participation in this study will be provided to you. 

YOU WILL BE GIVEN A COPY OF THIS CONSENT FORM TO KEEP 

Tarieton State University IRB Form U 4 
Revised 11/01 

Page 2 of4 pages 
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Title: Effects of Computer Animated Instruction upon Cognition of Undergraduates in an 
Agricultural Power Technology Course 

Purpose 
The purpose of this study is to determine if the inclusion of selected visual teaching methods in 
course materials will provide significant learning effects for students. 

What you will be asked to do if you participate in this study. 

If you participate in tlie study you will be asked to; 
1, Participate in a classroom setting as you normally would, 
2, Allow the researcher to obtain your: 

a. ACT scores 
b. Cumulafive GPA 

3, Take tlie following evaluations; 
a. AS'VAB - Armed Services 'Vocational Aptitude Battery 
b. Multiple Choice Comprehension Tests 
c. Attitudinal Questiomiaire 

No experimental procedures are involved in this study. 

Possible Risk and Discomforts 
No risks exist that would be abnormal for students enrolled in A EN 2013 

Possible Benefits 
Possible benefits would be the knowledge that your participation in this study has the potential to benefit the 
learning experiences of future students as-well-as benefit departments of agricultural systems 
management/mechanization/engineering across the nation. 

Alternatives to participation 
Individuals who do not vrish to participate in the study will be required to attend the regularly scheduled 
course meetings and participate in a scheduled and structured informafional seminar. 

Tarieton State University IRB Form tt 4 
Revised 11/01 

Page 3 of 4 pages 
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Title: Effects of Computer Animated Instruction upon Cognifion of Undergraduates in an 
Agricultural Power Technology Course 

YOU ARE MAKING A DECISION WHETHER OR NOT TO PARTICIPATE IN THIS STUDY. YOU SHOULD 
NOT SIGN UNTIL YOU UNDERSTAND ALL THE INFORMATION PRESENTED IN THE PREVIOUS PAGES 
AND UNTIL ALL YOUR QUESTIONS ABOUT THE RESEARCH HAVE BEEN ANSWERED TO YOUR 
SATISFACTION. YOUR SIGNATURE INDICATES THAT YOU HAVE DECIDED TO PARTICIPATE 
HAVING READ (OR BEEN READ) THE INFORMATION PROVIDED ABOVE. 

Signature of Parent Age Date Time 

Signature of Legally Responsible Signature of Witness 
Representative 

Typed/Printed Name of Witness 

Signature of Investigator 

Subject's Name (typed or printed): 

Hospital Number (if applicable): 

Mailing Address: 

Phone Number: 

IRB Fonti # 4 
Revised U/01 

Page 4 of 4 
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APPENDIX E 

LETTERS TO COOPERATING FACULTY REGARDING 

THE RELEASE OF STUDENTS FOR PARTICIPATION IN THE STUDY 
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. - ^ • * ' \ , \ Agricultural Ser\>ice.s and Development 

1 . 
Box T-0040, Stephenville, Texas 76402 

Staterr • ' ~V 254/968-9200 FAX 254/968-9199 
;„„^ LJ n WerStty Department Head cIrueckfa>tarleton. edu 

September 2, 2002 

Greetings from the Department of Agricultural Services & Development! 

I hope that this letter finds you well and I hope that your semester has gotten off to a 
great start! You are receiving this letter because the student who handed it to you has 
volunteered to participate in a study that I am conducting for completion of my doctoral 
degree. 

How and why does this affect you? I am contacting you in order to ask for your 
cooperation in regard to my data collection. I will be asking that you allow the student 
who gave you this letter be excused from your class, which is scheduled on Tuesdays and 
Thursdays at 10;50am, for one class meeting on Tuesday, September 1?"̂ , 2002, 

This correspondence is a courtesy contact and is purely preliminary in nature. A formal 
letter will be delivered to you that will include a complete description of my project and 
statements of administrative support. Also, I plan to contact you via telephone in order to 
address any concerns that you may have. 

Thank you for your assistance in this matter. I appreciate your cooperation and look 
forward to speaking with you soon. In the mean time if you wish to contact me, you may 
do so at 968-9601 or mcgregor(g),tarleton.edu . 

Sincerely, 

KyleW McGregor 
Assistant Professor 

A member of The Texas A&M University System since 1917 
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.Agricultural Ser\'ices and Development 

Box T-0040, Stephenville, Texas 76402 
254/968-9200 FAX 254/968-9199 

tltVeVStty Department Head drueckCaHarleton. edu 
Tarieton 

September 2, 2002 

Greetings from the Department of Agricultural Services & Development! 

I hope that this letter finds you well and I hope that your semester has gotten off to a 
great start! You are receiving this letter because the student who handed it to you has 
volunteered to participate in a study that I am conducting for completion of my doctoral 
degree. 

How and why does this affect you? I am contacting you in order to ask for your 
cooperation in regard to my data collection, I will be asking that you allow the student 
who gave you this letter be excused from your class, which is scheduled on Tuesdays and 
Thursdays at 10:50am, for one class meeting on Thursday, September 19̂ *̂ , 2002, 

This correspondence is a courtesy contact and is purely preliminary in nature, A formal 
letter will be delivered to you that will include a complete description of my project and 
statements of administrative support. Also, I plan to contact you via telephone in order to 
address any concerns that you may have. 

Thank you for your assistance in this matter. I appreciate your cooperation and look 
forward to speaking with you soon. In the mean time if you wish to contact me, you may 
do so at 968-9601 or mcgregor(g),tarleton. edu 

Sincerely, 

Kyle W. McGregor 
Assistant Professor 

A member of The Texas A&M University System since 1917 
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Agricultural Sennces and Development 

Box T-0040, Stephenville, Texa.^ 76402 
254/968-9200 FAX 254'96S-9199 

Department Head drueclc@larlelon.edu 

September 4, 2002 

Name, Title 
Department 
Tarieton State Uni\ersity 
Bo.\ T-
Stephen\ille, Te.xas 76402 

Title & Last Name, 

Once again, greetings from the Department of Agricultural Services & Development. We sincerely 
hope that you are having a wondeifiil semester! 

As mentioned in previous correspondence, I would like to ask for your assistance in regard to my data 
collection that is required for the completion of my doctoral degree. My dissertation focuses on the 
use of computer-generated animations and their effects on cognition in undergraduates enrolled in 
agricultural engineering courses. I am performing a pretest-posttest control group experiment in 
which I am randomly assigning one-half of my class to treatment and the remainder to a control 
group. You currently have one or more students enrolled in your Tuesday-Thursday 10:50am course 
that are also enrolled in my Tuesday-Thursday 9:25 course offering (A EN 2013 - Agricultural Power 
Units). 

I would like to request that you allow the students who are enrolled in your course, as well as mine, to 
miss one class period in order to participate in my study (Names and absentee dates are given below), 
I have scheduled the experiment for September 17*' and September 19* for data collection of the two 
groups. In an effort to reduce external validity threats, I have scheduled the experiment for the 
regularly scheduled class time of 9:25am. Unfortunately, the experiment will take more than the 
scheduled one and one-half hour time period, I assure \'ou that the students listed below will miss no 
more than one scheduled class. Included are letters of support from appropriate adininistrators. 

Thank you for your cooperation in this matter. I will be contacting you soon at your office phone 
number in order that I may visit with you further. In the mean time if you wish to contact me about 
the study or any concerns you may have, please do so at 968-9601 or mcgregor(g),tarleton.edu . 

Sincerely, 

Kyle W. McGregor 
Assistant Professor 

Students Enrolled In Your Course: 

Tuesday, September 17 : 

Thursday, September 19*̂  

A member of The Texas A&M University System since 1917 
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APPENDIX F 

LETTER OF SUPPORT FROM THE DEAN 

OF THE COLLEGE OF AGRICULTURE AND 

HUMAN SCIENCES AND THE DEPARTMENT HEAD FOR 

THE DEPARTMENT OF AGRICULTURAL SERVICES AND DEVELOPMENT 
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. - - - • ^ ^ 

riarleton 
l^z. .state Iff i iporsity Don Cawthon, Ph.D., Dean 

Jane Dennis, Ph.D., Associate Dean 
http: www.tarleton.edu ~ag 

Office of the Dean 
College of Agriculture & Human Sciences 

Box T-0180, Stephenville. Texas 76402 
254/968-9227 FAX 254 968-9655 

cawthontaitarleton. edu 
dennis(a).tarleton. edu 

September 6, 2002 

Tarieton Facult\. 

This letter has been drafted in support of the research that is currently being conducted by Kyle 
McGregor, of the Department of Agricultural Services & Development. Mr. McGregor has 
informed us of his request that you allow select students to be absent on September 16* or 19*. 
We support his efforts and ask for your assistance only if doing so is acceptable to you. We 
appreciate any collaboration and look forward to assisting you in efforts that may be of 
importance to your respective colleges and departments. 

Thank you. 

Don Cawthon, Dean David Drueckhammer, Department Head 
College of Agriculture & Human Sciences Agricultural Services & Development 

A member of The Texas .A&JM University System since 1917 
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APPENDIX G 

SUPPORT LETTER FROM THE PROVOST AND VICE 

PRESIDENT FOR ACADEMIC AFFAIRS, TARLETON STATE UNIVERSITY 

174 



^] 'L Office of the Provost 

1*̂  % and I'ice President for Academic Affairs arleton 
,Sl(ite(f-fjfl>(>rsih' ^°^ T-OOlO, Stephenville, Texas 76402 

254/968-9103 FAX 254/968-9703 

September 6, 2002 

To TSU Faculty: 

This statement is offered in support of Mr. Kyle McGregor's request for 
your cooperation in allowing a few designated students to miss approxi
mately one-half of you class on either September 17 or 19 in order to 
participate in his doctoral dissertation research. Should the request create 
particular hardships or inconveniences, fall outside the bounds of your 
policies on class attendance, or be otherwise acceptable, nothing in this 
statement should be construed as an expectation or obligation. 

Thank You, 

Gary Peer 
Provost 

A member of The Texas A&M University System since 1917 
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Name: 

Internal Combustion Engine 
Operational Theory Test 

Directions: (Mark your answers on the scantron and in the blanks on the test.) 

1. Which of the following would most likely use a Two-Stroke Compression Ignition Engine? 
a. LoconK>tiv^ 
b. Lawn edger 
c. Farm generator 
d. Pick-up truck 

I, mykb Of tlic foito<iV«î  actiotis i.\otild be njosi l i k the actions tliat occur inside of an it^tetjial 
conibtisttou cngim for all of ihs opcrauunal i)ieon<;s uvUu^&d m this hssofP 

a A foot pushmji; a bicycle pedal 
b. A hatnmcr driving a nail 
C A plumber opetalmg a plua^r 
d, <;̂ «;rati ng a firoplacsfj 1>erl]o«<$ 

3. If one side of a Rotary Spark Ignition Engine's rotor is in the exhaust phase, in what phases of 
operation are the other two sides in? 

a. Intake / compression 
b< Qotripte$$ido Ipm^x 
c. Exhaust / intake 
d. Power / intake 

4. The Two-Stroke Sp*t1{ Ignhion Engfnê s nietljod of hibncaf son aJlon-s for which of tlie 
followingV 

a. Sinning case 
b. Low-er operating costs 
c. AH position Qperation 
id:;:: -Upajer ̂ iMffefMy 

5. Compression Ignition Engines are designed to be sturdy and more wear resistant than other engine 
types except for which of the following reasons? 

a. High compression ratios are present in these engines 
b. The heat of compression is utilized as an ignition system 
c. High ranges of temperature and pressure are present 
(1̂ -̂; ' M mixture that drawn into a Cî indeF 
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6. A ver>- conunon analogy ts that the flow of jgases vtt and out of an enginê &< 1̂iJi4er is tttuch like ihie 
actions of fiuid entering and leaving a medical sjrjngc Wlticli of the Jbliowing engines are irwst 
lik«: this analogy? " 

a, Ro(at>' Si And l̂ vo-sfroko CI 
b, Tw-o-stroke SI an<l iwo ŝtrokfi CI 
c. Pout'Stfoke CI and rotaty Si 
d. Pour-strokc $1 and four-stroke CI 

7. The major difference between the power stroke of a Two-Stroke Spark Ignition Engine and the 
power stroke of a Two-Stroke Compression Ignition Engine is? 

a. Cylinder length 
b. Fuel tgnition 
c. Presence of a blower 
d. Engine displacement 

8. Wlticb ortt)^ fbrtowj«;g «tk8ifle« KYm tfw most on t M t l i i i i i i i i i l i l i i p ^ W c o t i 
rjsjntg) to aid tn tlie e>«|?u)isk>n oC e.vltaust gases? 

a. Tow -stroke SI 
b. T\\o-strokcSI 
C Four-stroke CI 
d. T^O-strokeCI 

9. Which of the following is not a required element for producing engine motion for any of the internal 
combustion engines discussed in this lesson? 

a. Means of compressing an air and fuel mixture 
b. The pfeSgflĝ  of 3 laeghajittgal^aiv^ iht^^atttsm 
c. A mechanical means of obtaining a rotary motion 
d. Some source or form of ignition 

10. The Two-Stroke C«mpresM«>n lonition Ensjtne tmist have a blo^vcr. while the Four-iStroke 
Cofflpres-sion IgnitiiJn Eng.inc d<x;s not rcqmre one. Which of tiie folioxving stJledious is the 
cause for this fact*,' 

'I The fout-gtrokc has its OAvn cxhatist stroke 
b. Tlic two-.sirokc ts much larger and creates more lieat 
c. Tlie four-stroke ts a more powerfiil engine overall 
d. Tlie two-stroke creates more poivcr in reJation to it's- vvetgp 

11. Which of the following engines have the most similar methods of introducing air and/or an air and 
fuel mi.\ture into a cylinder? 

a. Two-stroke SI & two-stroke CI 
b. Two-stroke SI & rotary SI 
c. Four-stroke SI & two-stroke SI 
d. Four-stroke CI & four-strolce SI 
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V 
iX If you uetc to profHjj.c an in)prov««i<;jit to the two-Stroke Sf̂ ark l]>«ition ta^im that woaid 

iuci etisc <:fiki<;uc>, w Uich of tlie foilowifig would be a siitipte and c^^ous pkicc to sian iht 
irtipro\etncj){'? 

a. 1 mprovc I he meiUod of lubrication 
h, liistall a fuel injection sysieiti rather tiiatt a cattuMor 
c- Improve the inethod of e.Npcllingavhaust gases 
d. i8tprov<j tlt« ait tjuality etweritig tlie ongitts! 

13. Through what structure does air flow into and out of a cylinder in a Two-Stroke Spark Ignition 
Engine 

a. Holes 
b. Valves 
c. Ports 
d. Jets 

H, You ate a tnccltatijc wtkiog on a singkHiiiirf ( i is i ' l i i i l i : |pp 
ckmf\t the follovv-«>̂  

Tl̂ c ens,'! no wi 11 not start- fmi i& ntabing its w-gj' into the c;v'lindcT because the ai r leaving 
ib^ engine's muiTlcr smdli> like gasfoline, Tlie engine is not flooded You dieck the engine's 
ignitJOii sv.stcm and the $pafk plug is firing properly. 

Which of the following engine $tn::&$s VWi^ l>& the emise for the engine "Ot starting? 
a, Intake 
b, O^mpression 
c, Power 
d Exiiaiitst 

15. Which of the following happens while the Two-Stroke Compression Ignition Engine's power 
stroke is ending? 

a. The e.xhaust stroke begins 
b. The intake ports are exposed 
c. The intake valves are sealed 
d. The fuel injector ceases firing 

Iti. \Vh> is h thai a Two-Stroke Engine (Spjirk or Compression rgnition) will produce more 
liorscpower tlian a Jbour-Stroke Engine (̂ Spark or Compression ignition) if both engines are 
Bxasaty flae saBoe six© (cylinder mmbat, dŝ pteceaaesRt, etc,)'? 

a. Fo«r-§trok.e engines «ead to IM? xiiore efficient than t\yo-stroke ermines 
k Ttiŝ J-strokc engmcs have'higher compression ratios llnm four-strolces 
c Four-stroke engines have a power stroke evcrv' otlter crankshaft rotation 
d. T%vo*stroke etigiaes jjilfoduce md es^d gases with fewer laedjanisras 
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V 
17. The following occurs when the piston is al the lop of the cylinder in the Two-Stroke Spark 

Ignition and Two-Stroke Compression Ignition Engines. 
a. Compression and ignhion 
b. Exhaust and intake 
c. Ignition and exhaust 
d. An intake port closes 

l a It is N'cr> dtfTtctth to damage a Rotarj' ^^»rk Igoltlot) En^ne diK to over-spcodinj;! (lie engine 
(pfoducuig too many !t<j\'olu(ions per tninutc). Which of the foHo\wng (.hara^imsttc^ oftiie 
Rotar) Spark Igtxitioti Eojjfnc cun bv atutbutvtl to the siatcnteni above? 

a, TJicre are fewer jnovitig paris iti this panicuJaf type of etigine 
b, Tlieĵ ngiue_docsjiotxecî roc;ite_iikc other common engines 
c, T)ic engine is an ewtic e«gja<j that is unlike anv other engme 
4 TJie engitte aneate^ t»to*e pcymt perothic iitch <iis|}Jac<î («ent (voJuaie) 

19. In the Two-Stroke Spark Ignition Engine, the downward movenienl of the piston compresses 
the crankcase in order to? 

a. Allow for proper lubrication of the engine 
b. Force the air and fuel nii.xtare into the eyhnder 
c. Stop the fuel flo\\' to the engine's carburetor 
d. Combine air and fuel for combustion 

HI,. Which of the follO'Wing Two-Stroke Sjiark Ignidon Engine characteristie$ inafce$ it appropriate 
fot itsi nio$t coHSTsoa apphciinons? 

3< Low eagi Ro d?icieJicy 
b. Tlie p̂ rcsencc of ait oil snmp 
c Fcv̂ er mo\-ing engine parts 
dv Longer eB^no life 

21. What causes the fiiel of a Compression Ignition Engine to ignite? 
a. Spontaneous combustion 
b. Spark from a spark plug 
c. The heat of compression 
d. High pressure injected fuel 

22. Which of the following engines must ha%-e a crankcase {not c>'lindcr) that is "atr-tiglit"? 
a. Foar-strofcc SI 
b. Two-stroke Si 
G, ^ Foer-stfokB CI 
d. Two-siRjfceCi 
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23. Which of the following does not occur during the compression stroke of a Four-Stroke 
Compression Ignition Engine? 

a. Aira.nd fiiol inlxture is coihiiiiisi^d 
b. Both valves are totally closed 
c. Piston is moving upward 
d. Compression is creating heat 

— M, orihcsiix)kcs/^ia$e&me«Uot)ed,tftilWtiio^^ t heo tbs ,Ch ich iMiaMo^oB^ 
fueuajeie«c>'a«dpowe)f? 

a, lotake 
b Compiessioo 
c Power 
d E,̂ ba«st 

25. Which of the following combinations of engines all have ports? 
a. Four-stroke SI. two-stroke CI, rotary SI 
b. Rotary SI, t̂ vo ŝtroke CI. two-stroKe SI 
c. Two-stroke CI, four-stroke CI. four-stroke SI 
d. Two-stroke SI, four-stroke SI, rotary SI 

||i;#tpn«v^tiie student wf 

^./M-M/' Unacceptable - (me or both strokes are missing -send- tlw ̂ .vpiaiiatiQtis ar» not 
.. .;;::,,,.,.,..,. dear-ancifor- 1he;expi;aft3tioQSafettrelevant) 

27, Which of the following does not happen during the intake stroke of a Four-Stroke Spark 
Ignition Engine? 

a. Intake valve is open and exhaust is closed 
% Air andfael In the oraafccage |̂ :̂ ?oiHt)reŜ  
c. Piston is moving down 
d. Air and fiiel drawn into cylinder 
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28, A siudeiit was aiSked iht foilownig question: 
"^Brkfly lis^t and expkvn iim phmx's oftho Rotttry Sptirk igrtUim Engine."' 

^ an anŝ wer the student wtote the foltowittg, 

K!»k«;ttb« p^>sive> i t e R'li^ w> ?<.nt» BB<* 

How would >au ludgc this s(udenfs antner'' 
a BxCelleni -• i,vllphi(soa)vui)Tvvl,HHlwng!rttirAju,<inJv-\}>l3)i«(i<>iii.siireci*iar 

and correct) 
b- Good - {.til xihtt&e& are cotjcc't. in ilife fight order; but ttia axplanations aro nat as 

ftwr.agtlmy jJyyW bgj 
e. " :McdtDCTC - o^K jiftas«:iS;*ii|?is>ij[g''|§>^ 

• <>r, isxplaifetttife ai i £K* wievaHt) 

29. Which of the following compresses the air and fuel mixture in the Rotary Spark Ignition 
Engine? 

a. Rotor tip contact 
b. The output shaft 
c. Reciprocation 
d R.otor rotation 

30 Of the strofees/pliaseij tnenttohidlhaiPlte-i^pt^^ 
eegjoentotiori'' 

3 intake 
b Coniprcssaon 
c. Power 
d Exliaust 

piig^ = High Level Questions 
Yellow = Answers 

A's = 5 
B's= 12 
C's = 7 
D's = 6 
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APPENDIX I 

POSTTEST MEASURE 
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Name: 

Internal Combustion Engine 
Operational Theory Test 

Directions: (Mark \our answers on the scantron and in the blanks on the test.) 

1 Which of the following happens while the Two-Stroke Compression Ignition Engine's power 
stroke is ending? 

a. The exhaust stroke begins 
b. The fuel injector ceases firing 
c. Tlte ttttake ports are exposed 
d. The intake valves are sealed 

2. Of the strokesi^hases mentioned in all of the opeiational theories, "ŝ liich is the mmi impm^M 
engine motion? 

a. InL'ifce 
h, Comp:rc$sioti 
c Pfiwcr 
^ Exhaust 

5, Of the strokcs,'phases mentioried in ail of th | operaliojial theone? whi<;;h is the irnosl inipoilant to 
fitel effjcieiicji'asdpoi '̂cr? 

a. Intake 
b. Compression 
c. Power 
d. Exhaust 

4. Which of the following does not happen during the intake stroke of a Four-Stroke Spark 
Ignition Engine? 

a. Air and fuel drawn into cylinder 
b. Air and &el M the crankcase Is compressed 
c. Intake valve is open and exhaust is closed 
d. Piston IS moving down 

Which of the following compresses the air and ftiel mixture in the Rotarj' Spark Ignition 
Engine? 

a. Reciprocation 
b. Rotor rotation 
c. Rotor tip contact 
d. The output shaft 
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6. Which of the following does not occur during the compression stroke of a Four-Stroke 
Compression Ignition Engine? 

a. Air and fuei inixture is cottt[;)res:̂ d 
b. Both valves are totally closed 
c. Compression is creating heat 
d. Piston is moving upward 

7. A stttdstit ^'as 3sl{<jd the Miow itig igiKsttott; 
'"Bmjly Hst m<f e^-pktn the .^oh'.f of the Tuw-Strfrke Ct^ntpremhtt IgnHlWM^^S 

As m 3.mmr the sixidmu vvrot<? tJt* foflowia^ 

i:\hn^xiMiJw^3>va,ih;!-\akepjrts. AWmi,crili«;«S-&S*»u;ttii<stl0ilJ*j!>orfc. J^WCT, bcgiw »he» (u^;:i|;iiijgfiti5 lht | ̂ ^^^ 

How would.>OTi judge this student's aiiswet? 
a E \ccllcn (- wW frtav̂ s m^t t** ifv% m4 «w$tte»wt*OBS «•* <kiff ««<J «*it]W) 
b G o o d - (M Û'̂  4̂ eS ar.^ iottta, im tjit; :^tafl*iid>iis *r^ ttpl 4^^ W>a^} 

c, Mediocre- i.i'MiM.Mh4}istr<*̂ sr*«afe*J«#-̂ 0̂ <ĵ *ft«)<jfi$::s<̂ (iistcU!!H: 
-Of' explsnsfiiH* are not relfjjianlj 

d Unaccep tab le - (one <->r bolh <;trQke<: are tm,sstng and- itre lî ylal̂ utJOĴ s we not 
dcaj: - aivi'or- thfe ̂ xplanatiOi'Ki are ttrttlevaflt) 

8. In the Two-Stroke Spark Ignition Engine, the downward movement of the piston compresses 
the crankcase in order to? 

a. Allow for proper lubrication of the engine 
b. Combine air and fuel for combustion 
c. Force the air and fite;! mixtiite into the cylinder 
d. Stop the fuel flow to the engine's carburetor 

The T«'o»Stwke Cooi{ir<»-^ort Ignitiod Eagitte tftu t̂ have a blo^ '̂er. \^Mc the FMtr-Strofee 
CowpressNm Igistititm E*igl»>e does noJ teqjiire cm. WWch of the follow mg (.elections is the 
cause for this ifeet? 

a Tlie_fourrS(_rokeJiasjii g\v_n_cx.hiiusLsU:oke 
b, Tlie fcsir-stroke 1$ a more powerful engine overall 
c- The^ tW3-stiK?î  satm^ tmc^ |M3wer in ^elation to it'$ tvel^t 
d The ts!(«o-?trofee k- ismM iarger «n4 ta^^t?* more heat 
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10, it is very- diSituU to dantage a UaUty Sjiark l|>ajti(irt E«*firte due to over-speeding the engine 
(ptoducu)g too many revolutions per iiunuic) Winch of the following chatacleristics of tlie 
l^tarj Spark Iî nition Edfeinc Ciin be attnbuiod lo ihc blJitcuicni abo>̂ e? 

a. Tlic engine creates more fwwer per ctibic inch displacement (voluitie) 
b. The engine docs not reciprô -.tH; like ollici coininon engines 
c. Tli6 engine is art d.votic eugitio iJut is unlik-j' an\ other cngijie 
d. Tlicre itre fe\\w nio\ uig parts m i\u$ parncular t>pe ufejigine 

11 The major difference between the power stroke of a Two-Stroke Spark Ignition Engine and the 
power stroke of a Two-Stroke Compression Ignition Engine is? 

a. Cylinder length 
b. Engine displacement 
e. Pitel ignition 
d. Presence of a blower 

12. The following occurs when the piston is at the top of the cylinder in the Two-Stroke Spark 
Ignition and Two-Stroke Compression Ignition Engines 

a. An intake port closes 
b. Compression and ignition 
c. Exhaust and intake 
d. Ignition and e.xhaust 

13. Which of the following reasons is not a reason that Compression Ignition Engines are designed 
to be more sturdy and wear resistant than other engine types? 

a. High compression ratios are present in these engines 
b. High ranges of temperature and pressure are present 
c. The absence of an air and thel mixtiire that drawn into a cylinder 
d. The heat of compression is utilized as an ignition system 

J4. Which of the followi ng engines mua have & crankcase {asA c>'iiiider) that is "air-f ighf'? 
a. f'our-strokc CI 
b. Four-stroke Si 
c. Two-stroke CI 
d. Two-stroke SI 

15. Whiich: of the following aetioas w-oitidhe most like the actions tiuii occui inside of an internal 
coiobô t̂iOR engine for all of the operational iheorks tacluded in tins icssonV 

a- A foot pushing a bicycle pc4ai 
(J, A ytmmsstMiiiBi, a aall 
c, A plifniber opex âtiag a. plisig^r 
d, O^Mini. a ftrelilace bellows 
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16. Which of the following engines have the most similar methods of introducing air and/or an air and 
fuel mi.vture into a cylinder? 

a. Four-stroke Cl & four-Stroke SI 
b. Four-stroke SI & two-stroke SI 
c. Two-stroke SI & rolar*' SI 
d. Two-stroke SI & two-stroke CI 

17. What causes the fuel of a Compression Ignition Engine to ignite? 
a. High pressure injected fuel 
b. Spark from a spark plug 
c. Spontaneous combustion 
d The heat of cottipresslon 

IX Which of the {bllowiitg ê )gî lê  relics the oiost on the t)icnuod;:̂ na<ntc plihiliitilf-icoiKitiei^^ 
(heat rising.Ho aid in the e;Si>ulsto« oCe.iihaust gases? 

a. Four-stroke CI 
h, Fovir-stroke SI 
c Two-stroke CI 
d. TvttJ-strol̂ e SI 

19, Why Is it tJtata tw»-Sti«»lce W^s^m (Spifkor Compression Igniijon> xvtil jprodtiee niore 
bOJse|«W« th»Ei ̂ iF^w-r-̂ re&tf En^is^s iSp»± <!ir Comijression ignition) ifhoth engise$ sm 
exactly the same $ir& (cylmder litiail^i displacement, etc )? 

a Fotir-strpke engine-, lunc a power stroke eycry other crankshaft rotation 
b,. Fotjtf-strcdas eagine$ tend to be more efficient than t\>t'o-$trote engines 
C< Two-St«)ke eiagines have higher pompre$$ion ratios than foitr-strokes 
d. T\vo-sf roke engines introduce and expel gâ scs with few cr mecha nisms 

2t). A vsiy coajiaGB aoalogj' is that the Sow of gases in atid out of an engine's cylinder is much like 
the ataiosg ̂ fljud erBEetiiig^Ki ioannga. medical sj'ntt&e. Which of the following engines arc 
laost like this aaalog '̂? 

a. Four-stroke Cl and rotart' SI 
b. Four-stroke SI and four-stroke Cl 
G, Rotaa^ SI aad ftso-strofce Cl 
± Two-stroke SI aiKi two-^rofce Cl 

187 



i l l i::||::;|i|i|||p|ii|^ 

|Qsii|!iswer tii'jIiieitsWî ^^^ 
p i t r ( i t » y spsA ipulK'.rt tf\0in-iitd Km atrttesitiAiHiMr m mipiiS<tmi^,atii!;f:'Wi^i^^iit^:ii^MiW^mV>(^pisMS^; 
!?il4:S,pi»rt ,5nJ etuis >>-li£ti tfe Kcisid ri.il.s tij\i>f 1!K jam; j!y*;;p^ pcfft;, .fiiiBî fieKsgiiisJtegfî  {K«iM 

pOxV wtmld jtfti j udge thi s student's answer? 
||;ipiSa5^Il|srit:*;:iiiit|j^^ a» c<>iTwrt,i;«ttte!ri§j(̂ <xd̂ ^ 

b- Q o o d ~ ("alt ytiasas Me fcotrgci. in the riaht ofdei-, bat ihe axplanaiions Ata iKt JA 
jil'Kar.a^tJisv^hCT'.ldt'g:^ 

Sa-i.Siipttmatiimsi aw not fofe\'ani:) 

W//M>:/:4-/x''}Mw0M'/$ixS-^^^ x:i. • ;-?»«t)'i &«. »!q)Sa«#t?»W: w*iK^^ 

22. You are a mechanic working on a single-cj'Iinder Foar-Strohe Spark fgnitioa Eni^nc and yon 
c^serv'c the following; 

The eagine will not start, Fael is making its -way iato tiie cylinder hccatise the air leaving the 
eTJgiB '̂'5 xmiflfef smells like gasoline. Thî  engiae is not flwHlcd "i ou check ilic oiginc's 
Igaltiotl S.yste«i aftd tlie ̂ i t k pl«| i* firisg pJoperly, 

Wliisli.oCtJiefollo%vij8g engine strokes could be titensauaj fbr tlte engiiie not staiUngl? 
a. fetake 
b. CotnpressiQP 

d. Exhaust 

2,1. Which of the following combinations of engines all have ports? 
a. Four-stroke SI, two-stroke Cl, rotary SI 
b. Rotary SI. two-stroke CI, twO"StrOke$l 
c. Two-stroke CI, four-stroke CI, four-stroke SI 
d. Two-stroke SI, four-stroke SI. rotan,' SI 

24. Through what structure does air flow into and out of a cylinder in a Two-Stroke Spark Ignition 
Engine. 

a. Holes 
b. Jets 

d. Valves 



25. Which of the following is not a required element for producing engine motion for any of the 
internal combustion engines discussed in this lesson? 

a. A mechanical means of obtaining a rotary motion 
b. Means of compressing an air and fuel mixture 
c. Some source or form of ignition 
d::; The presence of a mechanical valve mechanism 

26. If one side of a Rotary Spark Ignition Engine's rotor is in the exhaust phase, in what phases of 
operation are the other two sides in? 

a. Cottipre$$ioo/power 
b. Exhaust / intake 
c. Intake / compression 
d. Power / intake 

tl. If you tt^fe to propose att itttpro\'ej«eitt to the Two^Strok* S}>ar{< tgnftioti Eogitte that wonll 
itKleasc cfllciency, which ofHie lolloxving t.\ould be a simple and dnious plicc to $ta« the 
impfovement'' 

a, improv̂ e the air qiiaiit>' entering the engine 
b- improve the method of expelling cxhatist gases 
C. improve the nicthod of iitbriciition 
d, inst̂ ill a fuel iiyection sj'̂ leni rather than a carburetor 

28, The Tuvo-Stroke Sp.ark IgHitJoa I n g l e ' s method of li3l>rication allows for which of the 
following'' 

S- Ail posh ton operation 
b-,. (Jreatcr cfficieiiey 
G, LQ^\erojx;rafLng costs 
d. Sbirting case 

29. Which of the following Two-Strobe Spark tgnttion Engine GhafaeteriSties:itj|iieii.lil;;a|j^^ 
for its most commpn applications? 

a Fewer mox ing engine parts 
tL Longer engme life 
G, Low&TtgtB&dQldency 
d. The pjTEiseBce of aat oil sump 

30. Which of the following would most likely use a Two-Stroke Compression Ignition Engine? 
a. Farm generator 
b. Lawn edger 
Cfe:|>QiaireKitive 
d. Pick-up truck 
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Pey = High Level Questions 
Yellow = Answers 

A's = 8 
B's = 11 
C's=7 
D's = 4 
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Internal Combustion Engine Theoretical Operation 

Objectives: 
Upon completion of this unit, students will be able to: 

Low-Le^el Cognition: (Directly taught in the unit) 
1. Define operational theor)-; 
2. Distinguish between different operational theories; 
3. Outline the meaning of an internal combustion engine; 
4. List the basic sequence of events that must occur in an internal combustion engine to establish 

operation; 
5. IdentifS- the main components in an engine involved with an operational theory; 
6. List the operational theory strokes or phases for each of the engines in this unit; 
7. Compare & contrast the stroke or phase breakdown for each engine in this unit; 
8. Summarize the differences between the two-stroke and four-stroke cycle operational theories 

for spark and compression ignition engines; and 
9. Identift.' and describe the basic characteristics of each of the engines in this unit, 

High-Level Cognition; (Implied in the unit) 
1. Develop new characteristics for each engine based upon the knowledge of the characteristics 

given in this unit; 
2. Synthesize the operational theories of each engine in order to propose improvements to the 

design of each; 
3. Assess the application of each type of engine in order to argue why each type is or is not 

utilized in different situations; 
4. Decide which engines in this unit are a combination of characteristics from other engines in 

the unit; and 
5. Organize the engines in this unit based upon the given characteristics for each unit. 

I. Introduction: 

a. What is an Operational Theory? 
/. Sequence of events that occurs in each cylinder of an internal 

combustion engine. 

ii. Different Operational Theories: 
1. Four-stroke spark igjiition 

a. Reciprocating & Rotary (What are the differences?) 
2. Two-Stroke Spark Ignition 
3. Four-Stroke Compression Ignition 
4. Two-Stroke Compression Ignition 
5. What is an Internal Combustion Engine? 

b. The Basics: A Review: 
;. What is an internal combustion engine? 

1. Internal = Inside 
2. Combustion = Chemical combination of Carbon & Hydrogen 

with the Oxygen in the air we breath. 
3. Engine = A device that changes heat into mechanical energy, 

force and motion. 
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//. What must happen for an engine to fiinction? 
1. A sequence of events known as an operational theory. 
2. What is the most basic sequence of events? 

a. A means of compressing air, fuel, or both. 
b. Ignition & rapid combustion of a fuel 
c. A mechanical means of obtaining a rotary motion from 

the expansion of burning gases. 
d. A means of repeating these events in order to maintain 

motion. 

///. Main components involved in an operational theory: 
1. Cylinder 

a. Serves as a container and a guide to control combustion. 
2. Piston 

a. Receives force from expanding gases & creates motion. 
3. Valves or Ports 

a. Control the flow of gases in and out of the cylinder 
4. Mechanisms that operate all of the above components: 

a. Valve operating mechanisms 
b. Camshaft 
c. Coimecting rod 
d. Crankshaft 
e. Crankcase 

II. Spark Ignition Engines: 

a. Four-Stroke Spark Ignition Engine: 
/. Introduction: 

1. Developed by German citizen named Dr. Nathanial A. Otto 
2. Requires 4 strokes of a piston and 2 revolutions of a crankshaft 

to complete one cycle. 
3. Strokes are continually repeated in order to maintain motion. 

//. Strokes: 
1. Intake 
2. Compression 
3. Power 
4. Exhaust 

Hi. Stroke Breakdown: 
1. Intake: 

a. Intake valve open & exhaust closed 
b. Piston moving down 
c. Air/fiiel mixture drawn in due to low pressure 
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2. Compression: 
a. Intake valve closes. Exhaust remains closed 
b. Piston moving up 
c. Air/fiiel mixture is captured and compressed 
d. Compression Ratio? 4:1, 8:1 

3. Power: 
a. Intake 8c Exhaust valves closed 
b. Compressed air/fiiel mixture is ignited 
c. Combustion gases forces piston down 

4 Exliaust: 
a. Exhaust valve opens 
b. Piston moves up 
c. Exhaust gases are forced out of the cylinder 

iv. Four-Stroke (SI) Characteristics: 
1. Approximately 8 moving parts per cylinder 
2. Ver\' common (vehicles, tractors, & ag power units) 
3. Has a larger cylinder bore to create higher horsepower 
4. Relatively cool, quiet and clean running 

A Different Four-Stroke Spark Ignition Engine: The Rotary Engine 
/. Introduction: 

1. Developed by a German citizen named Felix Wankel 
2. Not a reciprocating engine (No pistons) 

a. Equipped with rotors rather than pistons 
3. Rotors complete phases not strokes 
4. Rotary engines have no valves 

a. Ports replace Valves (Cast openings in the cylinder wall) 
5. Most commonly found in Mazda vehicles (RX-7) 

ii. Phases: 
1. Intake 
2. Compression 
3. Power 
4. Exhaust 

///. Rotor Visual & Explanation: 
1. Rotor has three sides 
2. Each side has a combustion recess 
3. Each rotor is equivalent to three pistons in a reciprocating engine 

a. Each rotor is simultaneously in three different phases as 
the engine operates. 
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iv. Phase Breakdown: 
1. Intake: 

a. Begins when first rotor tip passes the intake port 
b. Air/fuel drawn in due to low pressure created by rotor 

rotation. 
c. Phase complete when next rotor tip passes the intake 

port 
2 Compression: 

a. Begins when intake port is sealed 
b. Volume decreases as the rotor rotates, compressing the 

air/fiiel mixture 
3. Power: 

a. Air/fliel mixture is ignited at maximum compression 
which is achieved opposite of the intake & exhaust ports 

b. Combustion gases force the rotor to roll and power the 
next phase 

4, Exhaust: 
a. Rotor tip passes exhaust port 
b. Exhaust gases are forced out due to rotation of the rotor 

V. Rotary Engine Characteristics: 
1. Fewer moving parts, simplistic 
2. Smooth running engine 
3. Creates more power per cubic inch displacement (volume) 
4. Not a common engine 

Two-Stroke Spark Ignition Engine: 
/. Introduction: 

1. Developed by an English citizen named Dugal Clerk 
2. Typically are small engines 

a. Line trimmers, motorcycles, outboard engines 
3. Two strokes of a piston and one revolution of a crankshaft yields 

one cycle 
4. Fuel and Lubricant are typically mixed together 

ii. Strokes: 
1. Power 
2. Compression 

a. Intake & Exhaust happen somewhere between Power & 
Compression 

/'//. Major differences in this engine: 
1. Valves are replaced by Ports (Cast openings in the cylinder wall) 
2. Lubrication process 

a. Oil separates from the fuel when entering the crankcase, 
thus lubricating everything it touches. 

3. Shortened Cycle 
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iv. Stroke Breakdown: 
1. Power: 

a. Air/fuel mixture is ignited 
b. Piston moves downward, which: 

i. Seals a reed valve in the crankcase, which leads 
to the carburetor 

ii. Compresses the air/fiiel mixture which is now 
trapped in the crankcase 

iii. Uncovers the intake and exhaust ports 
1. Compressed fuel and air in the 

crankcase forces burned gases out of the 
exhaust port and provides new air and 
fiiel for the next cycle. 

2. Compression: 
a. Piston moves upward and seals the intake and exhaust 

ports 
b. Upward piston movement: 

i. Creates a vacuum in the crankcase, which opens 
the reed valve and fills the crankcase with new 
air fijel mixture, 

ii. Compresses the air/fiiel mixture in the cylinder 
in preparation for ignition. 

V. Two-Stroke (SI) Characteristics: 
1. Three movuig parts per cylinder 
2. No Valves or oil sump/pan 
3. One power stroke every crankshaft revolution 
4. Inefficient 

III. Compression Ignition Engines: (Diesel) 

a. Four-Stroke Compression Ignition Engine: 
/. Introduction: 

1. Developed by a German citizen named Rudolph Diesel 
2. Similar to a spark ignition engine because it gets its power fi-om 

burning and expanding gases 
ii. Basic differences: 

1. Fuel Delivery: 
a. Only air enters the cylinder, not an air/fuel mixture 

(Injection) 
b. Compression ignition engines have no ignition system 

2. How is ignition achieved? 
a. The heat of compression ignites the fiiel mstantly as it is 

injected into the cylinder. 
i. Compression ratios are much higher (14:1, 20; 1) 

1. Creates immense pressure 
ii. Bums the fiiel more completely w/less waste 
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;;/. Strokes: 
1. Intake 
2. Compression 
3. Power 
4. Exhaust 

7V. Stroke Breakdown: 
1. Intake: 

a. Intake valve open exhaust valve closed 
b. Piston moving down 
c. Fresh air drawn in due to low pressure 

2. Compression: 
a. Intake valve closes. Exhaust remains closed 
b. Piston moving up 
c. Air/fuel mixture is captured and compressed to 500 psi 

i. Creates temperatures of 1500°-2000° F 
3. Power: 

a. Intake & Exhaust valves closed 
b. High pressure diesel fiiel is injected into the cylinder and 

instantly ignites 
c. Combustion gases forces piston down 

4. Exhaust; 
a. Exhaust valve opens 
b. Piston moves up 
c. Exhaust gcises are forced out of the cylinder 

V. Characteristics of a Four-Stroke (CI): 
1. Reliable & efficient 
2. Heavy and noisy 
3. High initial cost 
4. Powerful 

b. Two-Stroke Compression Ignition Engine: 
z. Introduction: 

1. Developed by Dugal Clerk 
2. Used as large to very large power units 

a. Generates more power per pound 
b. Trucks, generators, trains, ships 

//. Strokes: 
1, Power 
2. Compression 

iii. Differences from the four-stroke (CI): 
1. No intake valves: 

a. Intake ports surround the bottom of cylmders 
2. Multiple exhaust valves 
3. Equipped with a blower 
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a. Forces air through intake ports into the cylinder 

iv. Stroke Breakdown: 
1. Power: 

a. Fuel is injected into the cylinder at maximum 
compression 

b Expanding gases force piston down 

d. Exhaust valves open 

e. Blower fi^rces air through the ports into the cylinder 
which forces exhaust gases out 

/ . Compression: 

a. Piston moves up and seals intake ports 
b. Exhaust valves close 
c. Air m cylinder is trapped and compressed by the piston 

V. Two-Stroke (CI) Characteristics: 
1. Powerfiil & efficient 
2. Very large power unit 
3. One power stroke every crankshaft revolution 
4. Typically for industrial use 
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