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ABSTRACT 

Mueller, Ashley Lynn. M.S., Purdue University, May 2009.  The Effects of The 
Apple Genomics Project Active-Learning Lessons on High School Students’ 
Knowledge, Motivation and Perceptions of Learning Experiences and Teachers’ 
Perceptions of Teaching Experiences.  Major Professor:  Kathryn S. Orvis. 
 
 

The content and activities of unit lessons in science or agricultural science 

classes can influence student knowledge, motivation and perception of learning 

experience and teachers’ perceptions of teaching experiences. This quasi-

experimental study focused on the effects of the integration of information from 

The Apple Genomics Project website, a National Science Foundation-funded 

website.  High school students’ knowledge, motivation and perceptions of 

learning experiences and teachers’ perceptions of teaching experiences were 

evaluated.  The information was used in introductory science or agricultural 

science classes. 

Two biotechnology and genomics units, a control unit, which utilized a 

passive-learning (teacher-centered) environment, and a treatment unit, which 

utilized an active-learning environment (student-centered), were developed for 

this study.   Quantitative data were collected from instruments administered to 

the students prior to and after the implementation of the biotechnology and 

genomics unit.  Quantitative and qualitative were also collected from teacher 

questionnaires administered upon completion of the biotechnology and genomics 

unit.  Four classrooms implemented the control unit (N = 85), and four 

classrooms implemented the treatment unit (N = 115).      

Results suggested that students enrolled in The Apple Genomics Project 

active-learning classrooms and the passive-learning classrooms demonstrated a 

 



 

 

x

significant gain between knowledge pretest and posttest scores, although 

treatment students demonstrated a significantly higher level of knowledge 

application than their counterparts.  Second, students enrolled in The Apple 

Genomics Project active-learning classrooms and the passive-learning 

classrooms did not demonstrate a significant change in motivation between 

pretest and posttest scores.  Third, students enrolled in The Apple Genomics 

Project active-learning classrooms demonstrated a significant positive perception 

of learning experiences compared to those students enrolled in the passive-

learning classrooms.  Lastly, it was concluded that teachers found provided 

resources useful, but the appropriateness of the content and the length of the 

unit was questioned.    

This study is pertinent because biotechnology and genomics are 

examples of a relevant, timely topics for 21st century students to learn, and it 

explored the best teaching methodologies for these and other subjects of interest 

to teachers.  A high school biotechnology and genomics curriculum that includes 

active-learning components, particularly computer-based, may be effective in 

promoting student knowledge and positive perceptions of learning experiences.   
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CHAPTER 1. INTRODUCTION 

1.1. Biotechnology and Genomics Education 

In recent years, the media spotlight has been directed on the scientific 

branch of biotechnology and genomics as it relates to medicine and agriculture.  

Both a mix of positive and negative publicity surrounding topics from the Human 

Genome Project to pest-resistant crops has created a confused and skeptical 

society that often expects to be informed about the latest developments in the 

laboratory or in the field.  Societal confusion and skepticism may be attributed to 

the ambiguity of the definition, education and applications of biotechnology.  A 

general definition of biotechnology describes the use of biology in industrial 

processes like beer brewing, bread baking or cheese making (Australian 

Government, 2007).  However, various organizations and research institutions 

have differing specific definitions of biotechnology, and the definition provided by 

Reiners and Roth (1989) appears to be an all-inclusive definition for 

biotechnology.  These researchers state that biotechnology is the application of 

techniques specific to molecular biology used to identify genes responsible for 

certain traits as a means to clone, study, differentiate, and alter these genes, 

which can be inserted into different organisms.   

In an effort to effectively address public concerns regarding biotechnology, 

several universities across the nation, including Iowa State University (2004) and 

University of Arizona (2007), have developed websites and outreach programs 

for K-12 educators to inform youth about the myths and facts regarding 

biotechnology, genomics and similar areas of study, and to provide them with 

meaningful learning classroom activities.  In order to become informed citizens 

and formulate decisions regarding biotechnological applications, it is imperative 
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that students understand related concepts and consider the benefits and costs of 

this area of science (McLaughlin & Glasson, 2003), and good biotechnology 

education must be the starting point for this to happen (Chen & Raffan, 1999).  In 

addition, it has been recommended that students develop scientific inquiry skills 

through active participation and continued exposure to the subject matter 

(National Science Education Standards, 1996), and a biotechnology and 

genomics curriculum that includes these components may be effective in 

promoting student understanding of learning material and positive attitudes. 

1.2. Statement of the Problem 

The Apple Genomics Project website, a multi-state, online educational tool 

developed to assist teachers in teaching biotechnology and genomics process is 

similar to another web-based genomics source, Genomic Analogy Model for 

Educators (GAME).  GAME was developed to educate students and the general 

population about genomics through the use of web-based tutorials and modules 

with advanced graphics and interactive activities (Kirkpatrick, Orvis, & 

Pittendrigh, 2002).   

A study using GAME was used for comparison to this research.  In 

determining the effectiveness of the GAME approach on student knowledge, it 

was concluded that there was an increase in biotechnology and genomics 

knowledge among students who participated in the GAME study (Rothhaar, 

Pittendrigh, & Orvis, 2006).  Although the results of the study revealed the 

change in attitudes in a short-term study among students towards biotechnology 

and genomics was not significant, Rothhaar et al. determined that students’ 

attitudes towards computer-assisted instruction (CAI) had the greatest positive 

change.   

The outcomes of Rothhaar et al.’s study (2006) indicated the need to 

determine the effectiveness of the Apple Genomics Project website to teach 

biotechnology and genomics to students.  Although similar to the Apple 

Genomics Project website, GAME was more exploratory with two lessons, and it 
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focused solely on DNA sequencing.  The Apple Genomics Project-based 

curriculum, designed using the Apple Genomics Project website, was an 

expanded unit of ten lessons that was designed to engage students to learn 

biotechnology and genomics through technology-enriched, active-learning 

experiences. 

1.3. Significance of the Study 

This study was significant because biotechnology and genomics are 

examples of relevant, cutting-edge and timely topics for 21st century students to 

learn.  The media spotlight has been directed on the scientific branch of 

biotechnology and genomics as it relates to medicine and agriculture; therefore, it 

is imperative that students understand related concepts and consider the benefits 

and costs of this area of science (McLaughlin & Glasson, 2003) to become 

informed citizens and formulate decisions, and good biotechnology education 

must be the starting point for this to happen (Chen & Raffan, 1999).   

The use of computers to assist in teaching biotechnology and genomics to 

high school students may be a relevant method of instruction.  A United States 

Department of Commerce executive summary (2004) revealed 75% of all 

teenagers in the United States use a computer or the Internet, which is more 

than any other age group.  Because the use of technology has increased among 

youth in recent years, the National Science Education Standards (1996) indicate 

that teachers must acknowledge the hand-in-hand relationship between science 

and technology in order for students to understand topics comprehensively; 

therefore, it is outlined that students at the high school level develop skills of 

technological design and understandings about science and technology.  

However, it has been determined that teachers who incorporate topics like 

biotechnology, genomics or genetics in lessons find them to be the most 

challenging topics in the science curriculum for students (Johnstone & Mahmoud, 

1980; Steele & Aubusson, 2004; Thomas, 2000) because they require a more 

analytical approach compared to other aspects of biology (Radford & Bird-
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Stewart, 1982).  In addition to being complicated topics for students to learn, 

teachers not only find it difficult to include practical work into biotechnology 

lessons, but they also find it challenging to designate time in the science 

curriculum to incorporate a unit on this topic (Steele & Aubusson).   

Regardless of these difficulties, teachers believe that biotechnology is 

both an interesting and important topic in high school science classes (Steele & 

Aubusson, 2004).  Teachers who are most likely to include a biotechnology unit 

within their science curriculum have attended some biotechnology-based training 

and have more recently completed their education (Wilson, Kirby, & Flowers, 

2002).  It is imperative that biotechnology and genomics resources and learning 

tools, like The Apple Genomics Project active-learning curriculum, be developed 

and studied for both experienced and new teachers.     

1.4. Purpose of the Study 

The purpose of this study was to explore the effects of information on the 

Apple Genomics Project website on student knowledge, motivation and 

perceptions of learning experiences in high school introductory science or 

agricultural science classrooms.  This study also examined teacher perceptions 

of teaching experiences. 

1.5. Research Questions for the Study 

The following questions guided the study: 

1. Did students who participated in the Apple Genomics Project active-

learning lessons have a higher comprehension and application of 

biotechnology and genomics knowledge than students who participated in 

passive-learning (teacher-centered) lessons upon completion of the unit? 

2. Were students who participated in the Apple Genomics Project active-

learning lessons more motivated to learn general science, biotechnology 
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and genomics than students who participated in passive-learning (teacher-

centered) lessons upon completion of the unit? 

3. Did students who participated in the Apple Genomics Project active-

learning lessons have more positive perceptions of their learning 

experiences than students who participated in the passive-learning 

(teacher-centered) lessons upon completion of the unit? 

4. What were the perceptions of teachers who taught the Apple Genomics 

Project active-learning lessons and the passive-learning (teacher-

centered) lessons upon completion of the unit? 

1.6. Limitations of the Study 

It was anticipated that results from the proposed study would reveal 

positive outcomes concerning the use of The Apple Genomics Project website 

and curricula as a means to teach biotechnology and genomics to audiences 

unfamiliar with the topics.  However, it is possible the desired outcomes will not 

be achieved due to several issues that may be encountered throughout the 

study.   

Only eight teachers volunteered to participate in this study; therefore, four 

teachers were assigned to the control group and the treatment group, and this 

study more so mimicked a case study.  As a result, variations within the control 

and treatment groups may impact the outcomes of the study due to differences 

detected.    

In addition, there are several limitations regarding the implementation of the 

developed unit in the treatment classrooms.  First, participating teachers may be 

uncomfortable allowing students the freedom to explore the content of the Apple 

Genomics Project website to guide their own learning.  In addition, teachers may 

also view the interactions among students while exploring the site content as 

“chaotic” and “disruptive.”  Second, students may have a difficult time becoming 

engaged with this learning tool due to limited prior experience, and as a result, 

they may not actively participate in supplemental activities like class discussions 
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or worksheet assignments.  Further, it possible that teachers and students alike 

are unfamiliar with the topics of biotechnology and genomics, and it is possible 

both groups may be uncomfortable using computers as a means to teach and 

learn these topics.  In addition, due to the difficult nature of the subject matter, 

cognitive load of students and in respecting time limits of administering the 

instrument, only one application question was included on the posttest 

instrument.  Lastly, the time of year when the study was conducted may affect 

the outcomes of the study.  Students in an introductory science or agricultural 

science class may not be familiar with the necessary biological processes to fully 

understand biotechnology and genomics, and perhaps implementation during the 

spring semester may yield different outcomes.    

1.7. Definition of Terms 

Active-Learning Instruction: Instruction using the implementation of an 

array of specific student-centered instructional strategies to teach science, which 

includes hands-on, inquiry-oriented activities as well as collaborative learning 

groups for students (Taraban, Box, Myers, Pollard, & Bowen, 2007).  

The Apple Genomics Project (AGP) website: A multi-disciplinary, multi-

state website designed to provide educational materials to facilitate learning in 

the areas of biotechnology and genomics, using an apple as the model organism 

(The Apple Genomics Project, n.d.); used in the development of the study’s 

biotechnology and genomics curricula.  

Bloom’s Taxonomy (Taxonomy of Educational Objectives): A six-level 

taxonomy developed by Benjamin S. Bloom and a group of U.S. measurement 

specialists that can be used as a tool to construct and measure student learning 

(Kratwohl, 2002; Lord & Baviskar, 2007).  

Biotechnology: The application of techniques specific to molecular biology 

used to identify genes responsible for certain traits as a means to clone, study, 

differentiate, and alter these genes, which can be inserted into different 

organisms (Reiners & Roth, 1989); the use of biology in industrial processes like 
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beer brewing, bread baking or cheese making 

(http://www.environment.gov.au/settlements/biotechnology/glossary.html).     

CD-ROM: Compact disc read-only memory (Bitter & Pierson, 2002, p. 27).   

Computer-Assisted Instruction (CAI): An educational technique that 

directly delivers instruction to learners by allowing them to interact with computer-

programmed lessons (Heinich, Molenda, Russell, & Smaldino, 2002, p. 360).   

E-learning: Educational programs, perhaps for learning, teaching and 

training, that deliver instruction through the use of networked technologies 

(Gillani, 2003, p. xi). 

Genetics: The study of inheritance patterns of particular traits (The Apple 

Genomics Project, n.d.). 

Genomics: The study of genes and their purposes for any given organism 

(The Apple Genomics Project, n.d.). 

Higher-order thinking skills: “Those cognitive skills that allow students to 

function at the analysis, synthesis and evaluation levels of Bloom’s Taxonomy” 

(Hopson, Simms, & Knezek, 2001-2002). 

Passive-Learning Instruction: Instruction that is dependent on lecture and 

textbooks; also referred to as “traditional” instruction (Taraban et al., 2007).  

Rote learning: The process of learning by memorizing definitions, facts 

and formulas without understanding concept relatedness and the “bigger picture” 

(Novak, 1991). 

1.8. Basic Assumptions 

The following assumptions were made for this study: 

1. Participants were familiar with fundamental biology concepts; however, 

they were not familiar with biotechnology and genomics concepts.  

2. Participants had computer experience; however, they had little or no 

experience using the computer as a learning tool.  
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3. Teachers used only the developed curricula to guide their instruction 

during the biotechnology and genomics unit, and they implemented the 

instruction as they were trained. 

4. The developed curricula were age-appropriate for high school participants. 

5. The treatment curriculum (active-learning) and the control curriculum 

(passive-learning) were distinctly different in lesson structure and 

classroom implementation.  

6. Self-reported data collected from the demographics and attitudinal 

questions on the pretest and posttest instrument truthfully represented 

students’ characteristics and attitudes. 

7. The study was conducted in an objective manner, and the influences of 

researcher biases were minimized.    
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CHAPTER 2. REVIEW OF LITERATURE 

2.1. Purpose of the Study 

The purpose of this study was to explore the effects of information on the 

Apple Genomics Project website on student knowledge, motivation and 

perceptions of learning experiences in high school introductory science or 

agricultural science classrooms.  This study also examined teacher perceptions 

of teaching experiences. 

2.2. Research Questions for the Study 

The following questions guided the study: 

1. Did students who participated in the Apple Genomics Project active-

learning lessons have a higher comprehension and application of 

biotechnology and genomics knowledge than students who participated in 

passive-learning (teacher-centered) lessons upon completion of the unit? 

2. Were students who participated in the Apple Genomics Project active-

learning lessons more motivated to learn general science, biotechnology 

and genomics than students who participated in passive-learning (teacher-

centered) lessons upon completion of the unit? 

3. Did students who participated in the Apple Genomics Project active-

learning lessons have more positive perceptions of their learning 

experiences than students who participated in the passive-learning 

(teacher-centered) lessons upon completion of the unit? 

4. What were the perceptions of teachers who taught the Apple Genomics 

Project active-learning lessons and the passive-learning (teacher-

centered) lessons upon completion of the unit? 
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2.3. Conceptual Framework 

The conceptual framework of this study was based on current literature 

pertaining to biotechnology and genomics education and learning with computers 

in science education as described below. 

2.3.1. Biotechnology & Genomics Education  

2.3.1.1. Student and Teacher Challenges 

The purpose of science education is to encourage students to understand 

the world and how it works using an inquisitive approach that relies on 

knowledge already attained.  Cavallo and Schafer (1994) suggested that a 

student should learn scientific concepts by creating relationships among ideas, 

which will provide the student with new perspectives based upon what he or she 

already knows.  

However, the notion that students formulate relationships among ideas to 

learn science is not a reality.  In an attempt to isolate topics of high perceived 

difficulty in school biology courses, Johnstone and Mahmoud (1980) identified 

genetics topics as a source of concern for students and teachers alike.  As a 

result, Logden (1982) revealed that when students learn science concepts like 

genetics, they appear to rely on memorization techniques rather than on an 

appreciation to understand a process and its functions.   

Students who memorize definitions, facts and formulas but are unable to 

understand concept relatedness and the “bigger picture” are defined as rote 

learners.  Furthermore, by the fourth or fifth grades, a majority of students prefer 

rote learning over other learning methods (Novak, 1991).  When students rely on 

skills associated with rote learning to learn new concepts, they often perform 

poorly on tasks that require them to apply knowledge and use problem-solving 

techniques (Mayer, 2002).  It has been reported that information learned by rote 
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methods is often forgotten quite quickly, in only a matter of two or three weeks 

(Novak).    

Cavallo (1996) determined that students are likely to learn science 

concepts as isolated facts rather than as interrelated pieces of information that 

come together to create a larger scope.  Alternatively, students may face 

difficulty in learning and understanding science concepts due to previous 

misconceptions and incorrect knowledge (Novak, 1991) or due to the sequential 

method in which the information is taught (Radford & Bird-Stewart, 1982).  It has 

been suggested that these topics should be taught distinctly in conjunction with 

additional material, rather than sequentially, to reduce confusion among students 

(Radford & Bird-Stewart).  

Students may not understand the connectedness of certain science topics, 

like genetics, due to rote learning; however, students may create relationships 

among topics that should be kept distinctly separate due to misconceptions and 

the applied sequential teaching approach in the classroom.  Therefore, these 

tendencies of students must be considered when developing and implementing 

science lessons, particularly biotechnology and genomics lessons.   

In regards to biotechnology and genomics lessons, it has been determined 

that teachers who incorporate biotechnology and genomics lessons in the 

classroom find them to be the most challenging topics in the science curriculum 

for students (Johnstone & Mahmoud, 1980; Steele & Aubusson, 2004; Thomas, 

J., 2000) because they require a more analytical approach compared to other 

aspects of biology (Radford & Bird-Stewart, 1982).  In addition to being 

complicated topics for students to learn, teachers not only find it difficult to 

include practical work into biotechnology lessons, but they also find it challenging 

to designate time in the science curriculum to incorporate a unit on this topic 

(Steele & Aubusson).   

Regardless of these difficulties, genomics and related topics can provide 

excitement in the classroom because of their relevance and appeal to students, 

potential to do in-class, hands-on experiments, and career opportunities (Munn, 
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Skinner, Conn, Horsma, & Gregory, 1999).  Steele and Aubusson (2004) 

reported that many teachers believe that biotechnology is both an interesting and 

important topic for high school science classes.  In addition, Wilson et al. (2002) 

found that educators who are most likely to include a biotechnology unit within 

their science curriculum have attended some biotechnology-based training and 

are more likely to have recently completed their education.  It is imperative that 

biotechnology and genomics resources and learning tools be developed for the 

novice and experienced teacher alike. 

2.3.1.2. Teaching Strategies 

Researchers have suggested several science teaching strategies for use 

in classrooms and other educational settings, which include: experiential learning 

approaches (Kolb & Kolb, 2005), inquiry-based learning approaches (Northwest 

Regional Educational Laboratory, 1999), the use of computers or similar 

technologies (Bitter & Pierson, 2002; Trollip & Alessi, 1988; Wentz, Vender, & 

Brewer, 1999), and the use of agriculture as a learning context for teaching 

science concepts (Balschweid, 2002; Roegge & Russell, 1990).  In addition, a 

multiple instructional strategy approach regarding biotechnology education has 

also been proposed (Dunham, Wells, & White, 2002), and it was concluded that 

teaching biotechnology effectively can be accomplished by using learning 

activities based upon the strategies proposed.  Strategies for teaching 

biotechnology and genomics to secondary school audiences may closely parallel 

strategies for teaching general science concepts. 

This study was conceptually framed using an active-learning approach for 

students in an introductory science or agricultural science class.  In a recent 

study, the researcher describes active-learning as “the implementation of a 

variety of specific student-centered instructional strategies to teach science,” 

which may incorporate inquiry-based, hands-on activities (Taraban et al., 2007, 

p. 962).  Taraban et al. concluded that a student-centered approach, in the form 

of active-learning, can be beneficial to students in terms of achievement and 
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attitudes, as opposed to a traditional, teacher-oriented learning environment that 

promotes passive learning. 

2.3.2. Learning with Computers in Science Education 

The use of computers in educational settings has received attention in 

recent years.  A United States Department of Commerce executive summary 

(2004) revealed that 75% of all teenagers in the United States use a computer or 

the Internet, far more than any other age group.  Moreover, the United States 

Census Bureau (2007) reported the yearly average Internet usage by persons 12 

and older during 2004 was 176 hours, and it is projected that in 2009 the number 

of yearly average hours of Internet usage per person will increase to 203 hours.   

Over the past two decades, the use of computers in the classroom has 

become widely accepted, and it has been reported that two reasons indicate the 

significant growth in computer use in schools: computers have become more 

affordable, and the government has begun to fund their purchase (Thomas, G., 

2001).  Trollip and Alessi (1988) proposed two major purposes for integrating 

computer technology into the educational curriculum.  It was suggested that 

incorporating computers into the classroom can facilitate student learning 

because it may enhance their knowledge from both a qualitative and quantitative 

perspective (Trollip & Alessi).  In addition, it was noted computer use in the 

classroom may ensure comfort and understanding regarding the use of the 

technology among students (Trollip & Alessi).   

Because the use of technology has increased among youth in recent 

years, the National Science Education Standards (1996) indicated that teachers 

must recognize the hand-in-hand relationship between science and technology in 

order for students to understand topics comprehensively; therefore, it is outlined 

that students at the high school level develop skills of technological design and 

understandings about science and technology. 

It has been acknowledged that there are several types of educational 

software that teachers may use in the classroom to facilitate learning (Bitter & 
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Pierson, 2002).  Among the eight common educational software categories, 

simulations, which are simplifications of real-life processes (Heinich et al., 2002), 

allow students to encounter events they may not be able to encounter in real-life 

situations (Bitter & Pierson); therefore, these educational software may be 

relevant and useful in teaching obscure topics like genetics, biotechnology and 

genomics.     

Researchers imply that students who use computers to learn science 

topics, like biotechnology and genomics, may attain higher levels of achievement 

(Boyd & Murphery, 2002; O’Day, 2007; Oster, 2005; Soyibo & Hudson, 2000; 

Taraban, 2007; Wekesa, Kiboss, & Ndirangu, 2006).  Furthermore, the literature 

indicates that students who use computers to learn science may exhibit a 

positive gain in motivation (Çepni, Taş, & Köse, 2006; Soyibo & Hudson), but this 

is not always the outcome (Rothhaar et al., 2006). 

The Genomic Analogy Model for Educators (GAME) was developed to 

educate students and the general population about genomics through the use of 

web-based tutorials and modules with advanced graphics and interactive 

activities (Kirkpatrick et al., 2002).  A closely related study using GAME was used 

for comparison to this research.  In determining the effectiveness of the GAME 

approach on student knowledge, it was concluded that there was an increase in 

biotechnology and genomics knowledge among students who participated in the 

GAME model testing (Rothhaar et al., 2006).  Although the results of the study 

revealed the change in attitudes in a short-term study among students towards 

biotechnology and genomics was not significant, Rothaar et al. determined that 

students’ attitudes towards computer-assisted instruction (CAI) had the greatest 

positive change.    

Although the use of computers has made its way into science classrooms, 

it is crucial that this technology and its software is incorporated as a supplement 

or as means to facilitate learning rather than to control learning in order to create 

a better learning environment (Trollip & Alessi, 1988), and teachers must be 

comfortable with and knowledgeable in its implementation in science classrooms 
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(Pringle, Dawson, & Adams, 2003).  Schacter and Fagnano (1999) recite that 

computer-based instruction is an individualized learning approach that 

accommodates students’ needs and interests.  In addition, they further explain 

that persons involved in student learning, such as teachers and school 

administrators, must select and apply suitable technologies that will impact 

student achievement in a positive, significant manner (Schacter & Fagnano). 

2.3.3. Conceptual Framework Summary 

Teachers who incorporate biotechnology and genomics lessons in the 

classroom find them to be the most challenging topics in the science curriculum 

for students (Johnstone & Mahmoud, 1980; Steele & Aubusson, 2004; Thomas, 

J., 2000) because they require a more analytical approach compared to other 

aspects of biology (Radford & Bird-Stewart, 1982).  In addition, teachers not only 

find it difficult to include practical work into biotechnology lessons, but they also 

find it challenging to designate time in the science curriculum to incorporate a 

unit on this topic (Steele & Aubusson).  However, Steele and Aubusson reported 

that many teachers believe that biotechnology is both an interesting and 

important topic for high school science classes. 

Researchers suggest several strategies for teaching science be used in 

classrooms and other educational settings (Balschweid, 2002; Bitter & Pierson, 

2002; Kolb & Kolb, 2005; Northwest Regional Educational Laboratory, 1999; 

Roegge & Russell, 1990; Trollip & Alessi, 1988; Wentz et al., 1999).  A student-

centered approach, in the form of active-learning, can be beneficial to students in 

terms of achievement and attitudes, as opposed to a traditional, teacher-oriented 

learning environment that promotes passive learning (Taraban et al., 2007). 

Furthermore, research indicates that students who use computers to learn 

science topics, like biotechnology and genomics, may reach higher levels of 

achievement (Boyd & Murphery, 2002; O’Day, 2007; Oster, 2005; Soyibo & 

Hudson, 2000; Taraban, 2007; Wekesa et al., 2006).  In addition, the literature 

indicates that students who use computers to learn science may display a 
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positive gain in motivation (Çepni et al., 2006; Soyibo & Hudson, 2000), but this 

is not always the result (Rothhaar et al., 2006). 

   

2.4. Theoretical Framework 

The theoretical framework for this study was informed by two educational 

theories, cognitive engagement theory and motivation theory.    

2.4.1. Cognitive Engagement Theory 

The purpose of science education is to encourage students to understand 

the world and how it works using an inquisitive approach that relies on 

knowledge already attained.  Cavallo and Schafer (1994) suggested that a 

student should learn scientific concepts by creating relationships among ideas, 

which will provide the student with new perspectives based upon what he or she 

already knows.  However, the notion that students formulate relationships among 

ideas to learn science is not a reality.  In an attempt to determine topics of high 

perceived difficulty in school biology courses, Johnstone and Mahmoud (1980) 

identified genetics topics as a source of concern for students and teachers alike.  

Logden (1982) found that when students learn science concepts like genetics, 

they appear to rely on memorization techniques rather than on an appreciation to 

understand a process and its functions.   

Meaningful learning occurs when a learner links new concepts to existing 

knowledge the learner already knows (Ausubel, 1962; Novak, 1980), yet more 

often than not, this doesn’t happen.  Students who memorize definitions, facts 

and formulas but are unable to understand concept relatedness and the “bigger 

picture” are defined as rote learners.  For example, information regarding DNA or 

genetic mutations will mean much less to a high school student with limited 

biology knowledge than to a molecular geneticist (Novak, 1980).  Often times, 

these students will learn material of this nature by rote, but it will likely have no 
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meaning to them (Novak, 1980).  Furthermore, by the fourth or fifth grades, a 

majority of students prefer rote learning over other learning methods (Novak, 

1991).  When students rely on skills associated with rote learning to learn new 

concepts, they often perform poorly on tasks that require them to apply 

knowledge and use problem-solving techniques (Mayer, 2002), and information 

is often forgotten quite quickly, in only a matter of two or three weeks (Novak, 

1991).         

Cognitive engagement is how students initiate their own learning through 

investigating a topic to solve a problem (Dunham et al., 2002), and problem-

solving involves higher levels of cognition.  The cognitive learning domain 

centers on mental abilities that assist the learner to know, understand and apply 

what he or she has learned to a new situation and evaluate, synthesize and 

construct the value of ideas and materials (Odhabi, 2007).  The cognitive domain 

includes six components, also referred to as skills (Odhabi), and Bloom’s 

Taxonomy is the hierarchal-triangular taxonomy which focuses on the cognitive 

domain for human learning processes (Krathwohl, 2002).  Bloom’s cognitive 

levels are represented as knowledge, comprehension, application, analysis, 

synthesis and evaluation (Bloom, Engelhart, Furst, Hill, & Kratwohl, 1956).  It was 

assumed that the original Bloom’s Taxonomy represented a cumulative hierarchy 

that relies on the mastery of each simpler category as a prerequisite to mastery 

of more complex categories (Krathwohl, 2002; Lord & Baviskar, 2007).  

Therefore, Bloom’s Taxonomy can be used as a tool to design, review and 

evaluate student learning (Lord & Baviskar).  Knowledge, comprehension and 

application were used to determine student understanding of biotechnology and 

genomics in this study.   

2.4.2. Motivation Theory 

Ryan and Deci (2000) described motivation as the act of being moved to 

do something or being activated or energized toward something.  The manner in 

which students learn and how they are taught play a significant role in their 
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motivation and performance (Herman & Knobloch, 2004).  Intrinsic value is the 

satisfaction an individual receives from performing an activity or the subjective 

interest the individual has in a topic (Eccles & Wigfield, 2002).  Motivation 

embedded intrinsically allows learners to develop a relationship with the activity 

that meets natural psychological needs of competence, independence, and 

relatedness (Herman & Knobloch).  Intrinsic motivation is subjective; individuals 

are intrinsically motivated for some tasks but not others, and not all individuals 

are motivated for any particular activity (Ryan & Deci).  Black and Deci (2000) 

noted that behavior is defined as autonomous when it is motivated intrinsically or 

internalized as a personal regulation.  Black and Deci’s study in a college-level 

organic chemistry course revealed that when students entered the course with 

more autonomous motivation they perceived their learning experiences to be 

more positive, as indicated by decreased anxiety towards the course and higher 

perceived capability and interest in the course.   

Two modern motivation theories will be discussed further (Bandura, 1997; 

Eccles & Wigfield, 2002).  Self-efficacy expectations are centered on four primary 

sources of information: performance accomplishments, vicarious experience, 

verbal persuasion, and physiological states (Bandura).  In regards to 

performance accomplishments, successes raise personal expectations while 

failures lower the expectations (Bandura).  Vicarious experiences are motivators, 

and it is these experiences that cause individuals to persuade themselves to do 

something because others can do it (Bandura).  Through the power of 

suggestion, leading people to believe they can be successful at a task is a self-

efficacy expectation grounded in verbal persuasion, which is generally used 

because of its simplicity and ready availability (Bandura).  Emotional arousal is 

also a source of information that can affect one’s self-efficacy because stressful 

situations can elicit a negative response, and individuals are more likely to 

anticipate success when they are not consumed by such pessimistic arousals 

(Bandura).   
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Modern expectancy-value theories rely on self-efficacy, a person’s 

confidence in their ability to complete a given task or problem (Eccles & Wigfield, 

2002), and intrinsic value.  Modern expectancy-value theories associate student 

achievement, perseverance and preference with individuals’ beliefs regarding 

projected outcomes and task-values (Eccles & Wigfield), which are measured in 

an approach equivalent to measures of Bandura’s (1997).  As such, preferences 

are shaped by positive and negative task characteristics.   Because of the difficult 

nature of the biotechnology and genomics topic, expectancy-value motivation 

and cognitive engagement were chosen to determine student perceptions of 

learning experiences (Eccles & Wigfield).   

2.4.3. Theoretical Framework Summary 

The purpose of science education is to encourage students to understand 

the world and how it works using an inquisitive approach that relies on 

knowledge already attained; however, the belief that students create 

relationships among ideas to learn science is not a reality, particularly when the 

topic, like biotechnology and genomics, is difficult.  When students rely on skills 

associated with rote learning to learn new concepts, they often perform 

inadequately on tasks that require them to apply knowledge and exercise 

problem-solving techniques (Mayer, 2002).  Cognitive engagement is how 

students initiate their own learning through investigating a topic to solve a 

problem (Dunham et al., 2002).  Bloom’s Taxonomy is the hierarchal-triangular 

taxonomy which focuses on the cognitive domain for human learning processes 

(Krathwohl, 2002), which relies on the mastery of each simpler category as a 

prerequisite to mastery of more complex categories (Krathwohl; Lord & Baviskar, 

2007).   

The way in which students learn and how they are taught play a significant 

role in their motivation and performance (Herman & Knobloch, 2004).  Intrinsic 

motivation allows learners to develop a relationship with the activity (Herman & 

Knobloch), yet this type of motivation is subjective (Ryan & Deci, 2000).  Two 
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modern motivation theories, self-efficacy expectations (Bandura, 1997) and 

modern expectancy-value (Eccles & Wigfield, 2002) revealed several factors that 

can affect an individual’s perception to successfully complete a given task or 

duty.   

2.5. The Apple Genomics Project 

Funded by the National Science Foundation, The Apple Genomics Project 

(n.d.) website is a multi-disciplinary, multi-state project designed to provide 

educational materials via a computer to facilitate learning in the areas of 

biotechnology and genomics.  This learning tool is the educational outreach 

component of the apple genomics research grant, where apple genome research 

was conducted at Washington University in St. Louis, Missouri.  This learning tool 

bridges science and education, using the apple as the model organism.  The 

content of this educational tool may be accessed using a CD-ROM, or it may be 

accessed from Purdue University 4-H website: http://www.four-

h.purdue.edu/apple_genomics/.  

The development of The Apple Genomics Project (AGP) website was a 

collaborative effort by researchers and professionals at three land-grant 

universities: Purdue University, University of Illinois, and Cornell University.  The 

Purdue University development team for The Apple Genomics Project included 

several faculty and staff members.   

 

Authors 

Dr. Natalie Carroll, Professor, Department of Youth Development and 

Agriculture Education and Department of Agricultural and Biological 

Engineering.   

Dr. Peter D. Goldsbrough, Department Head and Professor, Department 

of Botany and Plant Pathology. 
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Dr. Kathryn Orvis, Associate Professor, Department of Youth 

Development and Agriculture Education and Department of Horticulture 

and Landscape Architecture.  

Writers 

Jeanine Rausch, Gayla McGlothlin and Darla French 

Web and Graphic Designers 

Justin Stahl, Craig Personett and Jeanine Rausch 

Reviewers 

Schuyler Korban and several teachers who provided advice and 

comments at workshops and conferences.   

 

The Apple Genomics Project is an interactive student-centered learning 

instrument, and it provides information on several biotechnology and genomics 

topics, using an apple as the focus, which include What is Genomics?, 

Importance of the Apple, History and Fun Facts, Apple Improvement, Apple 

Molecular Biology, Agriculture Biotechnology, Glossary, and Ask Dr. Genome.  In 

the What is Genomics? section, a brief description of genomics is given for 

learners to familiarize themselves with biology at the molecular level and begin 

thinking beyond what they can see visibly.  Economics and apple production 

statistics are discussed in the Importance of the Apple section, while apple 

history, folklore, fun facts and uses are emphasized in the History and Fun Facts 

section.  The Apple Improvement section covers information on the domesticated 

apple as well as information on diseases and pests to which apples are 

susceptible.  The Apple Molecular Biology section is the heart of the website, and 

it provides information on the following topics: cloning, sequencing and gene 

expression through the use of animations.  The Agriculture Biotechnology text is 

a link to Purdue University’s agriculture biotechnology website.  Definitions of 

words used throughout the website can be found in the Glossary section.   

For teachers, The Apple Genomics Project provides lesson plans, 

extended lesson plans and animation worksheets for teaching a biotechnology 
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and genomics unit in the For Educators section.  In the For Fun section, the 

website also offers templates for supplemental activities, such as a crossword 

puzzle, word jumble and word search, which are intended to promote meaningful 

learning of site content among students.    

The main component of The Apple Genomics Project is the interactive 

animations and graphics, which were created as ways to relay complex 

processes and structures to students unfamiliar with specific biotechnology and 

genomics techniques.  The animations are simple in design, yet they convey the 

biological processes and structures in an understandable, straightforward 

fashion.  It is anticipated that the animations may support an active-learning 

environment, which keeps students interested and involved in the learning 

process (Lilienfield & Broering, 1994).  Animation worksheets, which focus on 

biotechnology-related definitions and biological processes, are available on the 

website, and they are intended to assist in reinforcement of subject material for 

the learner.  

The hypertext text accompanying the animations and graphics allow 

students to access definitions of important words as they proceed through the 

content of the educational tool.  In addition, the entire project uses the hypertext 

design, which allows both teachers and students to choose which aspects of the 

project they want to focus on based upon the learning objectives or their 

interests.  Since its development, The Apple Genomics Project resources have 

been made available to science or agricultural science teachers nationwide.  

However, to date, the inclusion of this learning tool in the high school science 

classroom has not been studied.   

2.6. Summary 

Biotechnology and genomics are believed to be among the most difficult 

topics to teach at the high school level, due to the analytical nature and 

complexity of the topic.  Integrating appropriate science teaching strategies and 

the use of computers in the science classroom, particularly for assistance in 
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teaching a difficult topic such as biotechnology and genomics, can affect student 

learning and motivation.  Therefore, it is critical to understand the roles of these 

factors in the introductory high school science classroom.  The use of computers 

has been widely studied in the high school biology classroom; however, there is 

little research at the high school level that focuses on fusing an active-learning 

teaching strategy and computer use to teach the present, up-and-coming science 

topic.  Investigating the inclusion of these factors in an introductory high school 

science unit may be important for teachers and curriculum development 

specialists in creating and implementing a unit that is appropriate for and well 

received by students.    
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CHAPTER 3. METHODOLOGY 

3.1. Purpose of the Study  

The purpose of this study was to explore the effects of information on the 

Apple Genomics Project website on student knowledge, motivation and 

perceptions of learning experiences in high school introductory science or 

agricultural science classrooms.  This study also examined teacher perceptions 

of teaching experiences. 

3.2. Research Questions for the Study 

The following questions guided the study: 

1. Did students who participated in the Apple Genomics Project active-

learning lessons have a higher comprehension and application of 

biotechnology and genomics knowledge than students who participated in 

passive-learning (teacher-centered) lessons upon completion of the unit? 

2. Were students who participated in the Apple Genomics Project active-

learning lessons more motivated to learn general science, biotechnology 

and genomics than students who participated in passive-learning (teacher-

centered) lessons upon completion of the unit? 

3. Did students who participated in the Apple Genomics Project active-

learning lessons have more positive perceptions of their learning 

experiences than students who participated in the passive-learning 

(teacher-centered) lessons upon completion of the unit? 

4. What were the perceptions of teachers who taught the Apple Genomics 

Project active-learning lessons and the passive-learning (teacher-

centered) lessons upon completion of the unit? 
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3.3. Institutional Review Board Approval 

The Purdue University Institutional Review Board approved the 

recruitment of Indiana high school teachers for participation in this research study 

on May 5, 2008 as IRB Protocol Ref. #0804006792  (Appendix A).   The Purdue 

University Institutional Review Board approved this research study on August 19, 

2008 as IRB Protocol Ref. #0807007082 (Appendix B).  In compliance with 

Purdue University Institutional Review Board requirements, the principal or 

administrator from each school was asked to complete an approval letter 

(Appendix C) for participation in the study.      

3.4. Research Design 

This was a quasi-experimental study, which used a non-equivalent control 

group design (Campbell & Stanley, 1963).  This research study was designed to 

be a comparative study between two implementation methods of a biotechnology 

and genomics unit designed for high school students participating in an 

introductory science or agricultural science class.  The treatment for this study is 

depicted below. 

Biotechnology and Genomics Active-Learning Lessons (N = 115 students) 

 (N = 85) S_ _ _ O1  

 (N = 115) S   X   O2 

A questionnaire was utilized to collect data from the participating students.  

The quantitative method used a pretest to assess students’ baseline knowledge 

of biotechnology and genomics and motivation towards general science and 

biotechnology and genomics.  A posttest was administered to assess students’ 

change in knowledge of biotechnology and genomics, change in motivation 

towards general science and biotechnology and genomics, and perceptions of 

the learning experiences. 

A pretest (S) was conducted for students in both groups in August 2008, 

the beginning of the fall semester, to determine students’ baseline knowledge of 

and motivation towards biotechnology and genomics and to determine student 
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demographics.  The same pretest instrument was administered in both groups, 

which allowed the researcher to make comparisons between the groups.  The 

following demographic characteristics were used to describe the students: (a) 

gender, (b) age, (c) race, (d) free or reduced lunch status, and (e) Individualized 

Education Program (IEP).  The posttest (O1) was conducted in October 2008 to 

the students of the control group, and the posttest (O2) was administered in 

December 2008 to the students of the treatment group.  The same posttest 

instrument was administered in both groups, which allowed the researcher to 

make comparisons between the groups, and the gap in administration of the 

posttest between the groups occurred in order to accommodate teachers’ 

preferences of timing of unit implementation.  The completion of the unit and the 

administration of the posttest were based upon the participating teachers’ 

preference for unit implementation in their classrooms.  The researchers were 

not concerned about maturation between students in the control classrooms and 

students in the treatment classrooms.  This design had five independent 

variables: (a) student knowledge—pretest, (b) student motivation—pretest, (c) 

student gender, (d) student free or reduced lunch status, and (e) student IEP 

status.  The four dependent variables were (a) student knowledge, (b) student 

motivation, (c) student perceptions of learning experiences, and (d) teacher 

perceptions of teaching experiences.        

3.5. Participant Selection 

Participating Indiana science or agricultural science teachers were 

selected based upon voluntary interest.  In May 2008, the 4-H State Horticulture 

Specialist sent an email using the Indiana science teacher Listserve and the 

Indiana agricultural science teacher Listserve explaining the opportunity to 

participate in a classroom study involving biotechnology and genomics education 

(Appendix D).  Interested teachers were encouraged to respond to the email with 

answers to the included nine questions by June 15, 2008.  The teacher 
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responses were forwarded to the student researcher, and the information was 

compiled in a notebook.   

Ten teachers responded to the email; however, eight teachers were 

chosen to participate in this study because each teacher expressed a desire to 

include a biotechnology and genomics unit in his or her class during the Fall 

2008 semester, each teacher planned to teach an introductory science or 

agricultural science course during the Fall 2008 semester, and each teacher had 

more than one year of teaching experience.  The teachers were notified by June 

27, 2008 regarding participation in the study, and throughout the course of the 

study, communication between the researcher and participating teachers was 

conducted via email.   

The teachers were randomly assigned to implement a control or treatment 

biotechnology and genomics unit.  To control for selection error because the 

students were not randomly assigned to the treatment or control groups, the two 

groups were compared on five selection variables using an independent samples 

t-test and Cohen’s d (1988) to determine if they were different.  There were no 

significant differences between the two groups of students on pretest knowledge, 

pretest motivation, gender, free and reduced lunch status or IEP.     

 The characteristics of teachers selected for participation in this study are 

listed in Table 1, in addition to information regarding each of their schools.  To 

determine school location (locale), the 2003 Rural-Urban Continuum Codes (U.S. 

Department of Agriculture Economic Research Service, 2004) was utilized, and 

the codes are explained:  Codes 1, 2 and 3 describe counties in metro areas of 1 

million in population or more; 250,000 to 1 million in population; and fewer than 

250,000 in population, respectively.  Codes 4 and 6 describe counties adjacent to 

a metro area that have an urban population of 20,000 or more; or a population of 

2,500 to 19,999, respectively.  Codes 5 and 7 describe counties not adjacent to a 

metro area but have an urban population of 20,000 or more; or a population of 

2,500 to 19,999, respectively.  Codes 8 and 9 describe counties with less than 
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2,500 in population, adjacent to a metro area or not adjacent to a metro area, 

respectively (U.S. Department of Agriculture Economic Research Service).         

Table 1  
List of Participating Teachers 

ID 
Code

Gender Years 
Taught 

Group Teacher 
Concentration

Locale*
 

School 
Enrollment 

Students 
in Class 

0 

 

F 2 C Agricultural 

Science 

6 641 16 

1 M 41 

 

C Agricultural 

Science 

2 690 27 

2 F 21 

 

C Agricultural 

Science 

1 1,071 25 

3 M 3 

 

C Agricultural 

Science 

4 115 17 

6 M 21 

 

T Agricultural 

Science 

6 768 17 

7 F 4 

 

T Science 

 

3 1,935 25 

8 F 12 

 

T Science 

 

6 433 18 

9 M 29 

 

T Science 

 

1 309 55 

Note. M is Male, F is Female; C is Control, T is Treatment 

*Based upon 2003 Rural-Urban Continuum Codes (USDA ERS, 2004)  

 

Four of the participating teachers were male and four teachers were 

female.  Teachers were teaching at metro and non-metro schools of varying 

sizes across the state of Indiana.  The participating teachers’ teaching 

experience, as measured in completed years of teaching, ranged from two years 
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to 41 years.  Three teachers were science teachers, and five were agricultural 

science teachers.  Five participating teachers had previous biotechnology and 

genomics education exposure; for example, through a class, workshop, and 

teaching a different subject.  The remaining teachers did not have any prior 

educational experience with this topic.   

 The number of students who completed the pretest instrument was 209; 

however, the number of students who completed the posttest was 200.  Because 

pretest and posttest scores were compared for each student, only those students 

who completed both a pretest and a posttest were considered during data 

analysis.  Therefore, 85 students were enrolled in the control classrooms, while 

115 students were enrolled in the treatment classrooms.    

3.6. Background of Participants 

The following characteristics were used to depict the participating 

students.  Characteristics were reported for comparability and transferability.   

Regarding the gender of students enrolled in the control classrooms, 53 

students (62.4%) were male, 31 students (36.5%) were female, and one student 

(1.2%) did not report.  In the treatment group, 61 students (53.0%) were male, 51 

students (44.3%) were female, and three students (2.6%) did not report.  

Therefore, both groups contained more male students than female students 

(Table 2). 

Table 2 
Gender of Participating Students 

Gender Control Classrooms 
(N = 85) 

Treatment Classrooms 
(N = 115) 

Male 53 (62.4%) 61 (53.0%) 

Female 31 (36.5%) 51 (44.3%) 

Did Not Report 1 (1.2%) 3 (2.6%) 
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In the control group, 75 students (88.2%) were White or Caucasian, four 

students (4.7%) were “Other”, three students (3.5%) were Black or African 

American, two students (2.4%) were Hispanic or Latino, and one student (1.2%) 

was Asian American.  In the treatment group, 88 students (76.5%) were White or 

Caucasian, nine students (7.8%) were Multiracial, eight students (7.0%) were 

Black or African American, seven students (6.1%) were Hispanic or Latino, one 

student was Asian American (0.9%), one student was “Other,” and one student 

(0.9%) did not report.  Therefore, the predominant race represented in both 

groups was White or Caucasian.  In addition, no students in the control group 

identified themselves as Multiracial (Table 3).  

Table 3  
Race of Participating Students 

Race Control Classrooms 
(N = 85) 

Treatment Classrooms 
(N  = 115) 

White or Caucasian 75 (88.2%) 88 (76.5%) 

Black or African American 3 (3.5%) 8 (7.0%) 

Hispanic or Latino 2 (2.4%) 7 (6.1%) 

Asian American 1 (1.2%) 1 (0.9%) 

Multiracial 0 (0.0%) 9 (7.8%) 

Other 4 (4.7%) 1 (0.9%) 

Did Not Report 0 (0.0%) 1 (0.9%) 

 

    

Forty-four students (51.8%) in the control group did not receive free or 

reduced lunches, 38 students (44.7%) received free or reduced lunches, and 

three students (3.5%) did not know if they received free or reduced lunches.  

Sixty-seven students (58.3%) in the treatment group did not receive free or 

reduced lunches, 38 students (33.0%) received free or reduced lunches, nine 

students (7.8%) did not know if they received free or reduced lunches, and one  
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student (0.9%) did not report.  Therefore, based on students’ self reports, the 

majority of students in both groups did not receive free or reduced lunches (Table 

4). 

Table 4  
Free of Reduced Lunch Status of Participating Students 

Free or Reduced Lunch Control Classrooms 
(N = 85) 

Treatment Classrooms 
(N = 115) 

Yes 38 (44.7%) 38 (33.0%) 

No 44 (51.8%) 67 (58.3%) 

Don’t Know 3 (3.5%) 9 (7.8%) 

Did Not Report 0 (0.0%) 1 (0.9%) 

 

   

An Individualized Education Program (IEP) is an individualized academic 

plan for students with a disability who meet requirements for special education.  

In the control group, 48 students (56.5%) did not participate with an (IEP), 27 

students (31.8%) did not know if they participated with an IEP, eight students 

(9.4%) participated with an IEP, and two students (2.4%) did not report.  In the 

treatment group, 70 students (60.9%) did participate with an Individualized 

Education Program (IEP), 28 students (24.3%) did not know if they participated 

with an IEP, 11 students (9.6%) participated with an IEP, and six students (5.2%) 

did not report.  Therefore, based on students’ self reports, the majority of 

students in both groups did not have an IEP, while only a small percentage 

reported they did (Table 5). 
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Table 5  
Individualized Education Program Status of Participating Students 

Individualized Education 
Program 

Control Classrooms 
(N = 85) 

Treatment Classrooms 
(N  = 115) 

Yes 8 (9.4%) 11 (9.6%) 

No 48 (56.5%) 70 (60.9%) 

Don’t Know 27 (31.8%) 28 (24.3%) 

Did Not Report 2 (2.4%) 6 (5.2%) 

 

3.7. Outcome Measures and Instrumentation 

The quantitative data were collected using a pretest instrument to assess 

students’ baseline knowledge of biotechnology and genomics and motivation 

towards general science and biotechnology and genomics, and a posttest to 

assess students’ change in knowledge of biotechnology and genomics, change 

in motivation towards general science and biotechnology and genomics, and 

perceptions of the learning experiences.  The independent variable was the 

method of instruction. 

3.7.1. Dependent Variable Measures 

The dependent variables for this study were student knowledge, student 

motivation, student perceptions of learning experiences, and teacher perceptions 

of teaching experiences. 

3.7.1.1. Knowledge 

The dependent variable of student knowledge was measured by 

assessing students’ change in score on the content knowledge questions 

between the pretest and the posttest.  The knowledge domain of the instrument 

was designed using the Task-Oriented Question Construction Wheel, based on 
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Bloom’s Taxonomy (St. Edward’s University Center for Teaching Excellence, 

2004) and the state science and agricultural science academic standards.   

The first 25 questions of the pretest instrument (Appendix E), in the 

formats of multiple-choice, True or False, and fill-in-the-blank, were knowledge 

questions regarding biotechnology and genomics information.  The knowledge 

questions on the pretest were maintained on the posttest to allow the 

researchers to measure a change in knowledge among students.  An additional 

knowledge question, in the format of short answer, was included on the posttest 

instrument (Appendix F) to assess students’ abilities to apply the knowledge they 

learned during the unit.  Due to the difficult nature of the subject matter, cognitive 

load of students and in respecting time limits of administering the instrument, 

only one application question was included on the posttest instrument.  An 

answer key (Appendix G) was developed to determine each student’s pretest 

and posttest scores, and a grading rubric (Appendix H) was used to evaluate 

each student’s answer to the essay question on the posttest.    

3.7.1.2. Motivation 

The dependent variable of student motivation was measured by assessing 

students’ change in scores on the motivation statements between the pretest and 

the posttest.  The motivation variables (intrinsic value, self-efficacy, and utility) 

were designed using the Expectancy-Value Model (Eccles & Wigfield, 2002).  

Ten questions on the pretest instrument focused on students’ opinions and 

attitudes toward general science, biotechnology and genomics.  The motivation 

questions on the pretest were maintained on the posttest to allow the 

researchers to measure a change in motivation among students.  These 

questions used a Likert-type scale: 1 = Strongly Disagree, 2 = Disagree, 3 = 

Agree, 4 = Strongly Agree.   
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3.7.1.3. Perceptions of Learning Experiences  

The dependent variable of student perceptions of learning experiences 

was measured by assessing students’ scores on the perceptions of learning 

experiences statements on the posttest only.  The learning experience domain 

was designed using the Expectancy-Value Model (Eccles & Wigfield, 2002).  

Included in only the posttest, 10 questions asked students’ attitudes and opinions 

towards the biotechnology and genomics unit in which they participated.  These 

questions used a Likert-type scale: 1 = Strongly Disagree, 2 = Disagree, 3 = 

Agree, 4 = Strongly Agree.   

3.7.1.4. Perceptions of Teaching Experiences 

The dependent variable of teachers’ perceptions was measured by 

assessing teachers’ scores on the perceptions of teaching experiences 

statements on the questionnaire (Appendix I).  The questions on the teacher 

questionnaire were written for the purpose of evaluation.  The questionnaire 

included two attitudinal questions per lesson, which focused on the students’ 

abilities to be engaged during the lesson and whether the students met the 

objectives for the lesson.  These questions used a Likert-type scale: 1 = Strongly 

Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree.  In addition, two short 

answer questions were framed for each lesson, where the teachers described 

each lesson’s strengths and weaknesses.       

3.8. Instrument Validity & Reliability 

The validity and reliability of the instrument were considered due to their 

importance in conducting a quality research study (Trochim, 2006).    
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3.8.1. Instrument Validity 

Through the use of a field test, instrument face and content validity were 

established by an expert panel, which consisted of two Purdue University faculty 

members and one practicing high school agricultural science teacher. 

3.8.1.1. Expert Panel 

The pretest instrument was reviewed by two Purdue University faculty 

members and one practicing high school agricultural science teacher with a 

Master of Science degree.  Their comments were examined, and their 

suggestions were taken into consideration.  The content and structure of some 

questions were improved for readability and consistency.  The instrument was 

field tested with 10 students in an advanced agricultural science class at a high 

school near the Purdue University campus.  Reliability was not calculated due to 

the low number of students.  

3.8.2. Post-Hoc Reliability 

The pretest instrument was examined post-hoc for reliability using Cronbach’s 

alpha.  Pretest knowledge had a moderate reliability coefficient (Cronbach’s α = 

.60), and posttest knowledge had an extensive reliability coefficient (Cronbach’s 

α = .70) (Robinson et al., 1991). 

3.8.3. Internal Validity 

Potential threats to internal validity were considered, and the appropriate 

methods were developed to control or explain the feasible threats.  To control for 

selection error because the students were not randomly assigned to the 

treatment or control groups, the two groups were compared on five selection 

variables using an independent samples t-test and Cohen’s d (1988) to 

determine if they were different.  There were no significant differences between 
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the two groups of students on pretest knowledge, pretest motivation, gender, IEP 

status or free and reduced lunch status.       

3.8.4. External Validity 

The intent of this study was to not generalize beyond the accessible 

population; therefore, threats to external validity were not controlled. 

3.9. Conditions of Testing 

The students completed the pretest and posttest instruments during the class 

period in which they were using the developed curricula to learn biotechnology 

and genomics.  The pretest was administered by teachers during the first two 

weeks of the fall semester, and the posttest was administered during the final 

lesson of the developed biotechnology and genomics curriculum.   

3.10. Description of the Treatment 

Two biotechnology and genomics units, a control unit and a treatment unit, 

were developed for this study, and each unit contained nine 50-minute lessons 

with one examination (posttest administration) period.  Therefore, ten lesson 

plans were drafted by the researcher for both units, creating a 10-day unit.  Both 

units aimed to educate students on biotechnology and genomics by using the 

apple as a model organism, an example to which many students can relate 

because of the availability and popularity of the fruit.  For the students in the 

treatment group, activities and worksheets accompanying animations were 

evident throughout the unit, whereas the exposure of these to students in the 

control group was limited.    

The lesson plans drafted for both groups included the Indiana learning 

standards for both science and agricultural science lessons (Indiana Department 

of Education, n.d.).  In addition, the lesson objectives for each lesson were 
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clearly outlined, and discussion questions were included on each lesson plan for 

the teachers to assess if students were able to meet the learning objectives upon 

the completion of the lesson.  The following titles indicate the focus of each 

lesson: (1) What is Biotechnology and Genomics?, (2) Apple Improvement and 

Extracting DNA from Any Living Thing—Part 1, (3) Extracting DNA from Any 

Living Thing—Part 2, (4) Methods of Genetic Manipulation: Breeding and 

Cloning, (5) Methods of Genetic Manipulation: Cloning—Part 2, (6) Apple 

Molecular Biology—DNA Sequencing, (7) Apple Molecular Biology—Gene 

Expression, (8) Apple Taste-Testing, and (9) Biotechnology Social Issues.  The 

lessons are outlined in Table 6. 
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Table 6  
Description of Unit Lessons 

Lesson Objectives 
Upon completion of the lesson,  

students will be able to: 

Activity Worksheet Computer
C T C T T 

1 • Define biotechnology 
• Define genomics 
• Discuss the impact of biotechnology on society 
• Explain the importance of the apple as it 

relates to consumer issues 

   X X 

2 • Explain the importance of the apple 
• Describe the process of DNA extraction and its 

purpose 
• Express where DNA is found 

   X X 

3 • Describe the process of DNA extraction and its 
purpose 

• Demonstrate the ability to follow instructions in 
a lab exercise 

• Explain the function of each material in the lab 
exercise 

• Assess the results of the DNA extraction 
laboratory exercise 

X X X X  

4 • Restate the fundamentals of plant and animal 
improvement 

• Explain the limitations of conventional methods 
of plant and animal improvement 

• Describe basic steps in genetic engineering or 
rDNA technology 

• Explain the importance of microorganisms in 
genetic engineering 

• Describe the fundamental difference between 
conventional breeding and genetic engineering 

   X X 

5 • List the basic steps in genetic engineering or 
rDNA technology 

• Explain the importance of microorganisms in 
genetic engineering 

• Describe the fundamental differences between 
conventional breeding and genetic engineering 

   X X 

6 • Describe the methods of DNA sequencing  X  X X 

7 • Define gene expression  
• Explain how microarrays are used to study 

gene expression 

  X X X 

8 • Construct a table of comparisons of 
characteristics and uses of common apple 
varieties 

• Identify differences and similarities between 
varieties of apples, including taste and 
appearance 

X X X X  

9 • Reflect on what they have learned about 
biotechnology and genomics 

• Discuss social issues surrounding the topics 
biotechnology and genomics   

• Approach a conflict of beliefs in a cordial, 
professional manner    

 X  X X 

Note. C is Control, T is Treatment 
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The treatment lessons were designed to create an active-learning 

environment for students, and computers were used as the primary mode of 

learning in the treatment classrooms.  The Apple Genomics Project, a National 

Science Foundation funded website, was used during the majority of the lessons.  

The website focuses on the apple, and it uses the apple as the model organism 

to express biotechnology and genomics processes to students at the high school 

age-level.  Worksheets accompanying the website animations were used during 

many of the lessons, and three hands-on activities were incorporated into the 

unit.  In addition, a project was assigned to students regarding the field of 

biotechnology and genomics.  For the purposes of departmental distribution, only 

the first treatment lesson is included in this thesis (Appendix J).       

During The Apple Genomics Project active-learning lessons, teachers 

were encouraged, if possible, to allow one student per computer.  However, 

given the limited resources at some schools, the teachers were given permission 

to allow two to three students per computer.  Groups of four or more students per 

computer were discouraged because distraction may have prevented the 

students from being engaged in the active-learning process.  

3.11. Description of the Control 

The control lessons were designed to create a passive-learning (teacher-

centered) environment for the students, and a traditional lecture format was 

emphasized in the control classrooms.  With the exception of two lessons, 

PowerPoint presentations were incorporated in the lessons, and static graphics 

were used, when necessary, to convey various biotechnological processes.  The 

use of worksheets was limited, and social interaction among students was 

restricted due to the traditional lecture format used.  For the purposes of 

departmental distribution, only the first control lesson is included in this thesis 

(Appendix K).  
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3.12. Data Collection Procedures 

The data from the pretest and posttest instruments were collected during an 

introductory science or agricultural science class.  The pretest was mailed to 

each teacher, and it was administered during the first two weeks of the fall 

semester, between August 25, 2008, and September 5, 2008.  The posttest was 

given to each teacher at the professional development workshop at Purdue 

University, and it was administered by the teacher during the final lesson of the 

developed biotechnology and genomics curriculum.  The posttest for students 

enrolled in the control classrooms was completed by October 17, 2008 (Appendix 

L), and the posttest for students enrolled in treatment classrooms was completed 

by December 12, 2008 (Appendix M).  The pretest and posttest instruments were 

returned to the researcher in prepaid envelopes using the United States postal 

system.  Teacher questionnaires were sent to each teacher after the posttest 

instruments were received by the researcher.  In addition, after the posttests from 

the treatment classrooms were received, post-study letters were sent to the 

control teachers (Appendix N) and treatment teachers (Appendix O).       

3.13. Data Analysis 

The data were analyzed using the Statistical Package for the Social Sciences 

16.0 for Windows®.  Due to the low number of participating classrooms and 

realizing limitations of external validity, student scores served as the unit of 

analysis.  Descriptive statistics were used to analyze data from the close-ended 

questions on the pretests and posttests.  Means and standard deviations were 

reported for knowledge, motivation and perception of learning experience 

variables.  Mean student knowledge scores were presented on a percentage 

basis, rather than as the total number of questions correct, for simple 

interpretation of results.  Paired sample t-tests were conducted to determine 

significance for knowledge and motivation variables.  An independent sample t-

test was conducted to determine significance for the perception of learning 

experience variable, and a mixed model was constructed for further analysis.  
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Quantitative teacher data was analyzed using an independent samples t-test.  

Alpha was set at 0.05, a priori. However, caution should be applied in interpreting 

results due to the low number of participating classrooms.  Therefore, effect sizes 

were calculated for mean differences using Cohen’s d (1988), with d = 0.5 as the 

indicator for a moderate effect size. 

 On the teacher questionnaire, questions were written for the purpose of 

evaluation.  Teacher responses were open-coded, and the key themes were 

reported.  Responses from the control and treatment teachers were analyzed 

separately; however, for reporting purposes, the data was collapsed into one 

group due to the similarity of responses between the two groups.    
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CHAPTER 4.   RESULTS 

4.1. Purpose of the Study 

The purpose of this study was to explore the effects of information on the 

Apple Genomics Project website on student knowledge, motivation and 

perceptions of learning experiences in high school introductory science or 

agricultural science classrooms.  This study also examined teacher perceptions 

of teaching experiences. 

4.2. Research Questions for the Study 

The following questions guided the study: 

1. Did students who participated in the Apple Genomics Project active-

learning lessons have a higher comprehension and application of 

biotechnology and genomics knowledge than students who participated in 

passive-learning (teacher-centered) lessons upon completion of the unit? 

2. Were students who participated in the Apple Genomics Project active-

learning lessons more motivated to learn general science, biotechnology 

and genomics than students who participated in passive-learning (teacher-

centered) lessons upon completion of the unit? 

3. Did students who participated in the Apple Genomics Project active-

learning lessons have more positive perceptions of their learning 

experiences than students who participated in the passive-learning 

(teacher-centered) lessons upon completion of the unit? 

4. What were the perceptions of teachers who taught the Apple Genomics 

Project active-learning lessons and the passive-learning (teacher-

centered) lessons upon completion of the unit? 
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4.3. Results for the Study 

The results for this study will be organized and presented for each 

research question. 

4.4. Results for Research Question 1: Knowledge and Application 

The mean pretest score and mean posttest score within each group are 

presented in Table 7.  It was observed that overall students in both groups 

significantly gained knowledge in biotechnology and genomics between the 

administration of the pretest and the posttest (p < .01).  The difference in 

knowledge score was determined by subtracting mean pretest knowledge score 

from mean posttest knowledge score for both groups.  The control group 

students’ mean difference in knowledge score was 17.03% (SD = 21.81) (Table 

8).  The treatment group students’ mean difference in knowledge score was 

14.32% (SD = 19.24).  However, an independent samples t-test indicated no 

significant difference (p = .26) in mean difference in knowledge scores between 

control and treatment groups at p < .05.    

Table 7  
Mean Pretest and Posttest Scores for Control and Treatment Groups 

Knowledge  Control Treatment 
M% (SD) N M% (SD) N 

Pretest  54.71 (21.12) 85 58.14 (17.48) 115 

Posttest 71.74 (18.39) 85 72.46 (16.06) 115 

 p < .01 p < .01 
d = .86 
Strong 

d = .85 
Strong 

Note. Significant p < .05 
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Table 8  
Difference in Participating Students’ Knowledge of Biotechnology and Genomics  

Knowledge  Control Treatment  
M% (SD) N M% (SD) N 

Difference  
(Posttest – Pretest) 

17.03 
(21.81) 

85 14.32 
(19.24) 

115 p = .26 d = .13 
Trivial 

Note. Significant p < .05 
 

 

The mean posttest score for the application question (Question 26) is 

presented in Table 9.  The control group students’ mean application score was 

1.00 (SD = .79).  The treatment group students’ mean application score was 1.23 

(SD = .89).  Furthermore, an independent samples t-test indicated a significant 

difference (p = .03) in mean application scores between control and treatment 

groups at p < .05.    

Table 9  
Mean Score for Application for Control and Treatment Groups  

Application Control Treatment  
M (SD) N M (SD) N 

Posttest 1.00  
(.79) 

85 1.23 
(.89) 

115 p = .03 d = .30 
Small 

Note. Significant p < .05 

4.5. Results for Research Question 2: Motivation 

The difference in motivation score was determined by subtracting mean 

pretest motivation score from mean posttest motivation score for both groups.  

The control group students’ mean difference in motivation score was .02 (SD = 

.37) (Table 10).  The treatment group students’ mean difference in motivation 

score was -.02 (SD = .35).  Although small, a reduction in motivation among 

students in the treatment group was observed.  With such small numbers 

indicating the difference in motivation, it was observed that overall both groups 

did not change demonstrate a change in motivation upon completing a 
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biotechnology and genomics unit.  An independent samples t-test indicated no 

significant difference (p = .36) in mean difference in motivation scores between 

control and treatment groups at p < .05. 

Table 10  
Difference in Participating Students’ Motivation towards Biotechnology and 
Genomics 

Motivation Control Treatment  
M (SD) N M (SD) N

Difference  
(Posttest – Pretest) 

.02  
(.37) 

84 -.02 
(.35) 

115 p = .36 d = .09 
Trivial 

Note. Significant p < .05 

Scale: 1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree 

4.6. Results for Research Question 3: Perceptions of Learning Experiences 

Upon completion of the biotechnology and genomics unit, the control 

group students’ mean perception of learning experience score on the posttest 

was 2.35 (SD = .48) (Table 11).  Upon completion of the biotechnology and 

genomics unit, the treatment group students’ mean perception of learning 

experience score on the posttest was 2.56 (SD = .60).  Therefore, at p < .05, a 

significant difference in perception of learning experience was detected between 

the control group and the treatment group (p < .01).  Although the mean 

perception score of students in the treatment group was 9.2% higher than the 

mean perception score of students in the control group, the effect size was small 

(d = .37) and the degrees of freedom was large (df = 195).  Therefore, the 

practical significance of the result was questioned.   
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Table 11. 
Participating Students’ Perceptions of Learning Experience after a Biotechnology 
and Genomics Unit 

Perception of 
Learning Experience 

Control Treatment  
M (SD) N M (SD) N 

Posttest 2.35  
(.48) 

83 2.56  
(.60) 

114 p < .01  d = .37 
Small 

Note. Significant p < .05 

Scale: 1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree   

 

 To further investigate the significant difference in perceptions of learning 

experiences between the two groups, a mixed model was constructed to control 

for other sources of variation.  Student gender, lunch status and IEP status were 

used as covariates.  To control for class to class variation, class was nested 

within group as a random effect.  A full factorial model was fit, and the 

interactions that were highly insignificant (p > .25) were removed. A summary of 

the results are presented in Table 12.  Note that group and any interactions 

containing group are not significant. 
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Table 12  
Test of Fixed Effects for Sources of Variation: Student Gender, Lunch Status and 
IEP Status 

Source Numerator df p 

Intercept 1 .00 

Gender 1 .25 

Lunch Status 2 .76 

IEP Status 2 .05 

Group 1 .24 

Gender*Lunch Status 2 .13 

Gender*IEP Status 2 .15 

Lunch Status*IEP Status 4 .15 

a. Dependent variable: Student Perception Score 

Note. Significant p < .05 

 

Presented in Table 13 are the variance estimates for class and the error 

term.  It is noted that class accounts for 8.2% of the variation.  Therefore, most of 

the variation is a result of student-to-student differences. 

Table 13  
Variance Estimates for Class and Error 

Parameter Estimate Std. Error 

Residual .27 .03 

Class(Group)     Variance .02 .02 

a. Dependent variable: Student Perception Score 

 

Presented in Table 14 are the marginal means for group.  After adjusting 

for other sources of variation, group is no longer significant, as seen from Table 

12.  This outcome was expected because the effect size from the t-test was 
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small, and the p-value (p < .01) generated from the t-test was greatly influenced 

by the large degrees of freedom.        

Table 14 
Marginal Means for Control and Treatment Groups 
Group Mean Std. Error df 

Control 2.43 .12 15.56 

Treatment 2.61 .12 12.54 

a. Dependent variable: Student Perception Score 

 

4.7. Results for Research Question 4: Teacher Perceptions 

Participating teachers’ responses on the questionnaire administered upon 

completion of the biotechnology and genomics unit revealed their perceptions of 

student engagements and objectives met by students as well as introduced 

several qualitative themes, which will be discussed in the subsequent sections.  

For the purposes in reporting qualitative results, the teachers’ responses 

from the two groups were initially separated; however, the researcher determined 

the responses between the two groups of teachers were similar, with the 

exception of the technology theme.  Therefore, the qualitative teacher data 

(Appendix P) has been collapsed for readability and better interpretation of the 

data.  To protect the anonymity of participating teachers, each teacher was 

assigned an identification letter.  The four control teachers are indentified as 0, 1, 

2 and 3; the four treatment teachers are identified as 6, 7, 8 and 9.  These 

correspond with the appropriate three-number identification numbers assigned to 

the teachers’ students.      
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4.7.1. Student Engagement and Objectives Met 

The mean perception scores for student engagement in each lesson were 

computed as well an independent samples t-test and Cohen’s d (1988).   At p < 

.05, a significant difference in control and treatment teachers’ perceptions of 

student engagement was observed only during Lesson 6, DNA Sequencing.  For 

Lesson 6, DNA Sequencing, the treatment teachers’ mean student engagement 

score was 3.33 (SD = .58).  The control group teachers’ mean student 

engagement score was 2.25 (SD = .50).  Therefore, at p < .05, a significant 

difference in the objectives met score between the two teacher groups was 

evident (p < .03).  The data for teachers’ perceptions regarding student 

engagement is depicted in Table 15. 
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Table 15  
Teacher Perceptions of Student Engagement 

Lesson Group N M (SD) Significance 

Introduction Control 

Treatment

4 

4 

3.25 (.50) 

3.00 (.00) 

p = .16 

d = .71 (moderate) 

Apple Improvement Control 

Treatment

4 

4 

3.25 (.96) 

2.75 (.50) 

p = .18 

d = .66 (moderate) 

Extracting DNA Control 

Treatment

4 

4 

4.00 (.00) 

3.75 (.50) 

p = .16 

d = .71 (moderate) 

Genetic Manipulation 1 Control 

Treatment

3 

4 

3.00 (.00) 

3.00 (.00) 

p = .50 

da = .00 

Genetic Manipulation 2 Control 

Treatment

4 

4 

2.75 (.50) 

2.50 (.58) 

p = .28 

d = .46 (small) 

DNA Sequencing Control 

Treatment

4 

3 

2.25 (.50) 

3.33 (.58) 

p = .03* 

d = 2.03 (strong) 

Gene Expression Control 

Treatment

3 

3 

2.67 (1.15) 

2.33 (.58) 

p = .40 

d = .37 (small) 

Apple Taste-Test Control 

Treatment

4 

4 

4.00 (.00) 

3.25 (.96) 

p = .07 

d = 1.01 (strong) 

Social Issues Control 

Treatment

4 

4 

3.50 (.58) 

2.75 (.96) 

p = .11 

d = .95 (strong) 

Note. Significant p < .05, * indicates significance 

Scale: 1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree   

a. Standard deviations of both groups are 0. 

 

The mean perception scores for objectives met by students in each lesson 

were computed as well as a nonparametric test for two independent samples and 

Cohen’s d (1988).   At p < .05, a significant difference in control and treatment 

teachers’ perceptions of objectives met by students was observed during Lesson 

6, DNA Sequencing, and Lesson 8, Apple Taste-Test.  For Lesson 6, DNA 
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Sequencing, the treatment teachers’ mean objectives met score was 3.33 (SD = 

.58).  The control group teachers’ mean objectives met score was 2.25 (SD = 

.50).  Therefore, at p < .05, a significant difference in the objectives met score 

between the two teacher groups was evident (p = .03).  For Lesson 8, Apple 

Taste-Test, the treatment teachers’ mean objectives met score was 3.25 (SD = 

.50).  The control group teachers’ mean objectives met score was 4.0 (SD = .00).  

Therefore, at p < .05, a significant difference in the objectives met score between 

the two teacher groups was evident (p = .02).  The data for teachers’ perceptions 

regarding lesson objectives met by students is depicted in Table 16.  
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Table 16 
Teacher Perceptions of Objectives Met by Students 

Lesson Group N M (SD) Significance 

Introduction Control 

Treatment

4 

4 

3.25 (.50) 

3.25 (.50) 

p = .50 

d = .00 (trivial) 

Apple Improvement Control 

Treatment

4 

4 

3.50 (.58) 

3.25 (.50) 

p = .25 

d = .46 (small) 

Extracting DNA Control 

Treatment

4 

4 

4.00 (.00) 

3.50 (1.00)

p = .16 

d = .71 (moderate) 

Genetic Manipulation 1 Control 

Treatment

3 

4 

2.33 (.577)

3.00 (.816)

p = .13 

d = .92 (strong) 

Genetic Manipulation 2 Control 

Treatment

4 

4 

3.00 (.00) 

2.50 (.58) 

p = .06 

d = 1.22 (strong) 

DNA Sequencing Control 

Treatment

4 

3 

2.25 (.50) 

3.33 (.58) 

p = .03* 

d = 2.03 (strong) 

Gene Expression Control 

Treatment

3 

3 

2.67 (.58) 

2.33 (.58) 

p = .23 

d = .59 (moderate) 

Apple Taste-Test Control 

Treatment

4 

4 

4.00 (.00) 

3.25 (.50) 

p = .02* 

d = 2.12 (strong) 

Social Issues Control 

Treatment

4 

4 

3.25 (.50) 

3.00 (.82) 

p = .31 

d = .37 (small) 

Note. Significant p < .05, * indicates significance 

Scale: 1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree 

4.7.2. Lesson Content 

The first qualitative theme identified from teachers’ responses was lesson 

content, which focused on the composition of the unit in regards to each lesson.  

Qualitative data revealed all eight teachers believed the unit began with good, 

basic information on the topic.  Teacher 1 thought the topic was introduced well, 

and Teacher 3 believed great examples were incorporated into the lessons.  In 
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addition, Teacher 0 found the apple example made the material relevant to 

students because it was a model to which students could relate.  Further into the 

unit, many teachers revealed the importance of several topics introduced to the 

students.  In regards to genetic manipulation, Teacher 1 believed a great 

comparison of breeding to genetic manipulation was incorporated in the unit, and 

Teacher 2 mentioned that students liked the way a difficult topic like this was 

addressed.  During the gene expression lesson, Teacher 9 commented that “this 

is one biotech[nology] topic I had no current resources for, and I think it does a 

good job introducing microarrays.” 

Although many positive comments focusing on lesson content were 

received, all teachers identified some weaknesses of the current curricula.  

Teacher 2 identified a scheduling conflict due to her school’s block scheduling; 

therefore, it was difficult to keep students on task without breaking the lessons 

down or inserting other activities in the lessons, which was a result of the unit 

content.  Teacher 2 mentioned that her students gave up very quickly.  While 

Teacher 0 identified the apple as a great example for her students, Teacher 7 

disagreed, stating that her students were not interested in the actual apple 

information. 

In addition, many teachers questioned the appropriateness of the lesson 

content for their students in their introductory science or agricultural science 

classes.  Teacher 6 believed his freshman students did not have enough biology 

background to fully understand the concepts presented.  Due to this barrier, 

Teacher 6 mentioned he had to teach and lecture on terminology and Teachers 

0, 2 and 3 concurred.  Teacher 0 believed the explanations and definitions were 

above her students’ abilities, even her superior students.  She said her students 

copied the PowerPoint slides but could not discuss the content.  Teacher 2 

stated that the difficult lessons were “too much to process at one time.  This had 

a lot of info[rmation], and students couldn’t comprehend if I stayed to PowerPoint 

without incorporating other things.”  Teacher 3 stated that a lot of information 
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appears in one lesson.  Further, Teacher 8 commented that midway through the 

unit her students were getting bored with the material.       

4.7.3. Lesson Activities 

Based upon the teachers’ comments, the few activities incorporated in the 

biotechnology and genomics unit were welcome additions.  In reference to the 

DNA extraction activity, Teacher 0 reported that all of her students were 

engaged, and this activity was talked about for weeks, in other classes even.  

Teachers 1, 2, and 9 stated the hands-on lab exercise was a strength of this 

lesson, and Teacher 7 revealed that her students loved the lesson.  Teacher 2 

commented on her schedule, noting that this exercise was perfect for block 

schedules.  Teacher 6 noted that the only thing in which his students were 

interested was eating the bananas, the fruit used for the DNA extraction.  He 

further revealed that he “should not have let them know they were going to eat 

anything [after the DNA extraction].”  Although Teacher 0 found the questions on 

the pre-lab and post-lab worksheets made her students think, Teacher 8 

suggested that either a pre-lab worksheet or a post-lab worksheet be eliminated 

because both of them were too time-consuming. 

The DNA sequencing lesson, which utilized a sequencing activity that 

incorporated Lego® blocks, received many positive comments.  Teacher 6 

thought the Lego® manipulatives were great, and they worked well to 

demonstrate sequencing.  Teacher 0 revealed that her students had an easy 

time with the Lego® example because it helped them make a good visual of DNA 

sequencing, and Teacher 8 agreed.  On the contrary, Teachers 8 and 9 

suggested the instructions for this activity be more thorough for future uses.  In 

addition, Teacher 3 believed a lot of information was presented in this lesson, 

and he suggested breaking down the lesson.  Because his group did not receive 

the actual Lego® blocks for this lesson, Teacher 1 thought his students needed 

the Lego® blocks to better understand the topic. 
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The Apple Genomics Word Jumble, which set the stage for the Gene 

Expression lesson, received mixed reviews.  Teacher 2 stated her students loved 

this activity, and Teacher 0 said the activity worked well to get her students 

interested in the material.  However, Teacher 6 believed his younger (freshman) 

students got lost in the activity and his special education students did not have 

the skills to complete such a task.  In addition, Teacher 9 questioned the activity, 

stating “The word jumble was kind of a waste of time.  I do not think kids actually 

learn from these types of things.” 

Overall, the Apple Taste-Testing lesson was well-received by the 

teachers.  Teachers 0, 6, 7 and 8, commented that their students were glad to 

eat in class.  Teachers 3 and 9 stated the lesson was fun for their students.  

Teacher 0 revealed that her students thought it was amazing that apples can 

taste so different, and Teacher 2 commented that her students could relate well 

to the lesson.  Teacher 3 thought this lesson was a great way to show selection.  

Teacher 9 questioned how much his students learned about biotechnology and 

genomics, but Teacher 0 suggested including more information on the breeding 

of different apple varieties. 

In regards to the in-class debate incorporated in the Biotechnology and 

Social Issues lesson, the teachers were very candid in their comments.  Teacher 

0 said her students were excited about the debate, and Teacher 2 commented 

that all of her students were active and involved in the debate process.  Teacher 

8 valued that her students mentioned good pro and con points during their 

debate.  However, time appeared to be an issue with this activity.  Teacher 1 

commented that more time was needed for his students to assimilate the 

information.  In addition, Teachers 6 and 9 believed not enough time was allowed 

for this activity, and it was difficult for their students to get organized.  It was 

suggested by Teacher 2 that multiple debate teams be formed with each team 

receiving a different topic for maximum student involvement.           
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4.7.4. Use of Technology 

Students of the treatment group utilized the computer and The Apple 

Genomics website to learn about biotechnology and genomics.  Students in the 

control group experienced PowerPoint presentations of the material by their 

teachers.  Both groups watched online videos on specific biotechnology topics.  

Teachers in both groups commented on the technology used in their classrooms. 

The online YouTube videos were a source of comments.  Teacher 1 

mentioned that full-screen videos, instead of the half-screen videos that were 

provided to the teachers, would be more helpful.  He commented that a DVD or 

CD may be better than accessing the videos online.  Teacher 3 agreed, stating 

he thought the videos were informational, but they were difficult to see.  

However, teachers like Teacher 6 and Teacher 8 believed the videos were 

useful, especially when used during in-depth topics like breeding and cloning.  

In regards to the animations found on The Apple Genomics Project 

website, Teacher 7 believed her students understood biotechnology processes 

through the animations.  Teacher 9 commented that the animations were well 

done and effective at illustrating abstract biotechnology processes.  However, 

Teacher 6 revealed the cell animations were not realistic enough for this topic.  

Furthermore, Teacher 9 suggested improvements to the website, noting that the 

pop-up definition for “cell” in the animation is incorrect, and the animation 

regarding cloning references bacterial cell division as “mitosis” rather than 

correctly identifying the process as “cell division.” 

Of the four teachers in the treatment group, only one teacher, Teacher 8, 

commented on the length of computer use as a means to teach the 

biotechnology and genomics lessons.  She believed that her students should 

have only spent one or two days on the computer during the unit, mentioning this 

issue a couple of times on the questionnaire.  On another issue, Teacher 6 

mentioned the material may have been too difficult for his students to learn from 

the computer without any assistance.     
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4.7.5. Overall Impressions of the Unit 

The teachers shared their thoughts on the developed biotechnology and 

genomics unit.  All eight teachers believed the unit was good, and they were glad 

to receive materials and resources regarding this difficult topic.  Teacher 0 

enjoyed teaching the unit because her students were excited.  Teachers 2, 3 and 

8 believed the information presented was valuable, while Teacher 6 thought the 

unit was a good starting point for discussion of genomics.  Teacher 2 commented 

the lessons were put together well, and Teacher 3 concurred, stating the unit was 

well organized and easy to follow and the examples and information were very 

straightforward.     

However, the length of the 10-day unit appeared to be an issue with many 

teachers, particularly treatment group teachers.  Although Teacher 7 commented 

the unit was good, she also stated that it took longer to implement than she 

expected.  In addition, Teacher 8 believed the unit was just too long, and 

Teacher 9 found it difficult to complete most lessons in the allotted time.  Teacher 

6 summed up his thoughts by stating “This is more than a 10-day unit for most 

high school [students].  The debate part itself should be three days.” 

Regardless of their suggestions for improvement regarding unit length, all 

teachers mentioned they would use the materials and resources, to some 

degree, in future classes.  Many teachers, like Teachers 0, 1, 2, and 8, 

commented they would modify the unit for future use.  In fact, Teacher 0 

mentioned she will tier the lessons to challenge her higher-level students and 

help her lower-level students meet objectives more successfully.  Teacher 6 and 

Teacher 9 revealed they will incorporate the information into other areas of their 

classes.  Teacher 6 mentioned he will use portions of the unit in his “Advanced 

Life Science Animals” class, while Teacher 9 will modify his current molecular 

genetics unit to include some of the developed activities and resources.   

 



 58

4.7.6. Summary of Teacher Perceptions of Teaching Experiences 

A summary of teacher perceptions of teaching experiences from the 

qualitative data is depicted in Table 17. 

Table 17  
Summary of Teacher Perceptions  

Theme Comments 

Lesson  

Content 

• Topic was introduced well with great accompanying examples for 

students (Teachers A, B, and D) 

• Appropriateness of lesson content was questioned (Teachers A, 

C, D, and E) 

Lesson  

Activities 

  DNA Extraction 

• The hands-on lab exercise was a strength of the unit (Teachers 

A, B, C, F and H) 

• Students were distracted by smoothie-making (Teacher E) 

  DNA Sequencing 

• Lego® blocks were deemed helpful by the treatment (Teacher E) 

• Lego® blocks were suggested by the control (Teacher B) 

Use of  

Technology 

Animations 

• Relayed helpful information to students (Teachers F and H) 

• Were not realistic enough (Teacher E) 

Use of Apple Genomics Project website 

• Time frame too long to allow students to use a computer to learn 

(Teacher G) 

Overall  

Impressions 

• Resource on the topic is now available (Teachers A, B, C, D, E, 

F, G, and H) 

• Length of the unit was an issue (Teachers E, F, G, and H) 

• Use of materials and resources in the future (Teachers A, B, C, 

E, G, and H.  

• Use of materials and resources with modifications in the future 

(Teachers E and H) 
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CHAPTER 5. CONCLUSIONS 

5.1. Purpose of the Study 

The purpose of this study was to explore the effects of information on the 

Apple Genomics Project website on student knowledge, motivation and 

perceptions of learning experiences in high school introductory science or 

agricultural science classrooms.  This study also examined teacher perceptions 

of teaching experiences. 

5.2. Research Questions for the Study 

The following questions guided the study: 

1. Did students who participated in the Apple Genomics Project active-

learning lessons have a higher comprehension and application of 

biotechnology and genomics knowledge than students who participated in 

passive-learning (teacher-centered) lessons upon completion of the unit? 

2. Were students who participated in the Apple Genomics Project active-

learning lessons more motivated to learn general science, biotechnology 

and genomics than students who participated in passive-learning (teacher-

centered) lessons upon completion of the unit? 

3. Did students who participated in the Apple Genomics Project active-

learning lessons have more positive perceptions of their learning 

experiences than students who participated in the passive-learning 

(teacher-centered) lessons upon completion of the unit? 

4. What were the perceptions of teachers who taught the Apple Genomics 

Project active-learning lessons and the passive-learning (teacher-

centered) lessons upon completion of the unit? 
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5.3. Conclusions for the Study 

The conclusions for this study will be presented and discussed for each 

research question. 

5.4. Conclusion 1: Knowledge and Application 

Further, this study found that student knowledge increased as a result of 

participation in the biotechnology and genomics unit, regardless of an active-

learning or teacher-centered teaching approach.  This finding did not support 

Taraban et al.’s (2007) finding that a significant difference in student performance 

after participation in an active learning unit compared to student performance 

after participation in a teacher-directed (passive-learning) unit in a high school 

biology class.  However, Taraban et al.’s study relied upon lab-based activities 

for the mode of active-learning, whereas the mode of active-learning in this study 

was student-led computer modules and animations with limited teacher 

guidance.  In addition, like this study, Taraban et al. used two groups of 

classrooms for the study; however, both groups were taught Microscopy or 

Biotechnology using an active-learning approach or a traditional-instructed 

approach, respectively, and vice versa.  Perhaps the reason significant 

differences in overall knowledge scores between the two groups was not 

observed can be attributed to the methods for data collection, which focused on 

rote methods of learning.      

However, the finding that students in the treatment group gained 

knowledge does support O’Day’s (2007) suggestion that the use of computer 

animations in biology curricula may positively affect student retention because 

they provide a helpful way to communicate complex biological processes, 

although students in this study’s control classrooms also demonstrated a 

knowledge gain.  However, O’Day’s study focused on third year college students’ 

retention of biology information, whereas this study focused on high school 

students’ performance on a biotechnology and genomics assessment.  It is 

possible that O’Day’s subjects were enrolled in the science course due to interest 
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in the subject and course material, where students in the science or agricultural 

science classes in this study may have been enrolled due to graduation 

requirements, parental decision or unavailability of another course during the 

given time. 

In addition, this finding did support Rothhaar et al.’s (2006) finding that 

there was an increase in biotechnology and genomics knowledge among 

students who participated in GAME model testing.  Students enrolled in The 

Apple Genomics Project active-learning lessons demonstrated a significant gain 

in knowledge after the implementation of the unit as well as students enrolled in 

the passive learning classrooms. 

This study also found that students enrolled in The Apple Genomics 

Project active-learning classrooms scored significantly higher in application of 

biotechnology and genomics knowledge than did their counterparts enrolled in 

the passive-learning classrooms.  Students in the treatment classrooms were 

able to demonstrate their ability to apply the biotechnology and genomics 

material in their class.  Therefore, the ability to apply the material implied that 

these students were more likely able to master the knowledge and 

comprehension levels of Bloom’s Taxonomy (Krathwohl, 2002; Lord & Baviskar, 

2007) than their counterparts in the control classrooms.         

5.5. Conclusion 2: Motivation  

This study found that student motivation did not change as a result of 

participation in the biotechnology and genomics lessons, regardless of an active-

learning or teacher-centered teaching approach.  This finding does not support 

Soyibo and Hudson’s (2000) and Çepni et al.’s (2006) conclusion that students 

who used a computer as the method of instruction had better posttest attitudes 

towards biology and science than their counterparts who did not use such 

technology.  However, the length of treatment in Soyibo and Hudson’s study and 

Çepni et al.’s study was greater than the length of this study’s two-week 

treatment.  The length of both studies was four weeks.  Furthermore, the posttest 
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in Soyibo and Hudson’s study was not administered until two weeks after the 

treatment ceased.     

It is possible that the content of the learning material was too advanced for 

students enrolled in an introductory high school science or agricultural science 

class, which does support the determination that teachers who incorporate 

biotechnology and genomics lessons in the classrooms find them to be the most 

challenging topics in the science curriculum for students (Johnstone & Mahmoud, 

1980; Steele & Aubusson, 2004; Thomas, J., 2000) because they require a more 

analytical approach compared to other aspects of biology (Radford & Bird-

Stewart, 1982).  

However, this finding does support Rothhaar et al.’s (2006) finding that 

there was no significant change in student attitudes towards biotechnology and 

genomics in the short-term study.  Like Rothhaar et al.’s study, the length of the 

learning period was short, with only ten lesson plans developed for the 

biotechnology and genomics units used in both The Apple Genomics Project 

active-learning and the passive learning classrooms.  Rothhaar et al. concluded 

that the given time frame was likely not long enough to impact students’ attitudes.  

Knobloch (2002) reported that beliefs develop across time, and Alexander and 

Dochy (1995) stated that older persons with more education were more flexible in 

their beliefs.  Further, Koballa, Jr. and Glynn (2007) reported that students at the 

middle school and high school levels may have a difficult time separating their 

attitudes regarding science from their attitudes regarding school, in general.  It is 

possible that the participating students, which were young high school students, 

may have demonstrated Koballa, Jr. and Glynn’s argument in the introductory 

class.  

5.6. Conclusion 3: Perceptions of Learning Experiences 

This study found that students enrolled in The Apple Genomics Project 

active-learning classrooms had significantly higher perceptions of their learning 

experiences than did their counterparts enrolled in the passive-learning 
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classrooms.  Students enrolled in The Apple Genomics Project active-learning 

lessons had more positive view about science after the unit, gained new 

perspectives about biotechnology and genomics, and found the unit to be a 

positive learning experience and engaging, among other perceptions.  This 

finding closely parallels Rothhaar et al.’s (2006) finding that found students’ 

attitudes toward computer-assisted instruction, upon using GAME, had the 

greatest positive change.  In addition, Rothhaar et al. noted that students found 

learning biotechnology on the computer made the topic more interesting, and it 

was concluded that this method of teaching can be used effectively for such 

audiences. 

Black and Deci’s (2000) study in an organic chemistry college course 

revealed that when students entered the course with more autonomous 

motivation they perceived their learning experiences to be more positive, as 

indicated by decreased anxiety towards the course and higher perceived 

capability and interest in the course.  It is possible that students enrolled in the 

study’s treatment classrooms entered the developed biotechnology and 

genomics unit with higher levels of intrinsic motivation.  In turn, autonomous 

behavior may have allowed these students to perceive their learning experiences 

in a more positive manner than their counterparts in the control classrooms.  

However, determining base-line autonomous motivation among participants was 

not measured in this study because it was not believed to be a concern. 

Although the mean perception score of students in the treatment group 

was 9.2 percent higher than the mean perception score of students in the control 

group, the calculated effect size, the size of difference between the two groups, 

was small and the degrees of freedom was large.  Therefore, the practical 

significance of the results was questioned.  In regards to the given statements on 

the posttest instrument, both means scores for the control and treatment groups 

were categorized as “disagree.”  It is possible that students in both groups 

demonstrated equivalent perceptions of learning experiences towards the 

biotechnology and genomics unit.  
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5.7. Conclusion 4: Teacher Perceptions  

This study revealed teachers who implemented The Apple Genomics 

Project active-learning lessons found the materials and resources provided 

worthwhile; however, teachers reported the content of the material was too 

advanced for their students, which supports the conclusion that teachers who 

incorporate topics like biotechnology, genomics or genetics in lessons find them 

to be the most challenging topics in the science curriculum for students 

(Johnstone & Mahmoud, 1980; Steele & Aubusson, 2004; Thomas, 2000).  In 

addition, teachers believed the unit was too lengthy, which lends support for the 

determination that it is difficult for teachers to designate time in the science 

curriculum to incorporate a unit on this topic (Steele & Aubusson).  Not all 

participating teachers agreed with the recitations that computer-based instruction 

is an individualized learning approach that accommodates students’ needs and 

interests (Schacter & Fagnano, 1999) and teachers must be comfortable with 

and knowledgeable in its implementation in science classrooms (Pringle et al., 

2003).  Teacher G, in particular, noted that only one or two days on the computer 

was sufficient for her students. 

  Participating teachers in both the control and treatment groups indicated 

they could utilize the materials in a variety of methods for future use, such as 

scaffolding the lessons to challenge students of all abilities or implementing in 

higher-level courses.  Therefore, it is possible the active-learning method of 

teaching, with minor changes, may be perceived by teachers to be a well-

received and suitable alternative to introduce high school students to 

biotechnology and genomics.   

5.8. Implications for Practice 

This study is pertinent because biotechnology and genomics are relevant, 

cutting-edge and timely topics for 21st century students to learn, yet they are very 

specialized topics for high school science classes.  The use of The Apple 

Genomics Project active-learning lessons revealed that after a 10-day 
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implementation period, students exhibited a significant difference in knowledge 

application, and they demonstrated a significant positive change in perceptions of 

learning experiences; however, students enrolled in the active-learning 

classrooms, like their counterparts enrolled in the passive-learning classrooms, 

demonstrated a significant gain in knowledge from pretest and posttest scores 

and no change in motivation from pretest and posttest scores.  While the 

implementation period was short, the effects of the Apple Genomics Project 

active-learning lessons on student application and perceptions of learning 

experiences appear to show potential for use by science or agricultural science 

teachers alike.  Students in the active-learning classrooms appeared to achieve 

higher levels of learning than their counterparts in the treatment classrooms.  

Further, students enrolled in the active-learning classrooms had more positive 

views about science after the unit, gained new perspectives about biotechnology 

and genomics, and found the unit to be a positive learning experience and 

engaging, among other perceptions.  Therefore, this method of teaching may be 

a well-received and suitable alternative to introduce high school students to 

biotechnology and genomics. 

The use of The Apple Genomics Project active-learning lessons revealed 

that after a 10-day implementation period, teachers believed the provided 

resources were useful and with minor modifications, they would use them again 

in the future.  Further, the teachers believed too much information was presented 

to their students during the unit, and the appropriateness of the learning material 

for students in introductory science or agricultural science classes was 

questioned.  The appropriateness of the lesson content for the target audience 

must be considered by researchers for future study and by curriculum 

development specialists for future development and implementation in science or 

agricultural classrooms.  
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5.9. Implications for Knowledge 

In regards to motivation theory, upon analyzing student perception data 

and qualitative teacher data, students in the Apple Genomics Project active-

learning lessons had more positive learning experiences.  The way in which 

students learn and how they are taught play an important role in their motivation 

and performance (Herman & Knobloch, 2004).  Modern expectancy-value theory 

(Eccles & Wigfield, 2002) revealed factors that can influence an individual’s 

perception to successfully complete a given task or duty.  The modern 

expectancy-value theory was believed to be a relevant approach in interpreting 

student and teacher data.  Moreover, the two-week unit was believed to not be 

likely to change student interest in learning a difficult and cutting-edge topic like 

biotechnology and genomics.         

 

5.10. Recommendations 

Future research should focus on adapting The Apple Genomics Project 

curriculum to include additional active-learning activities to the few lab activities 

and computer-based lessons already present.  Creating a more dynamic and 

inclusive biotechnology and genomics unit may positively affect student 

motivation that was not revealed in this study.  In addition, further study should 

examine the appropriate length of implementation in the classroom.  It was noted 

that a 10-day unit may not be long enough to positively impact students’ 

motivation.  Moreover, the content of The Apple Genomics Project-based 

curricula may need to be reevaluated for the audience it was intended.  It is 

possible that the essence of the learning material was too advanced for students 

enrolled in an introductory high school science or agricultural science class. 

To validate the statistical results from this study, it may be worthwhile for 

researchers to conduct classroom observations in future studies involving this 

mode of learning.  In-class observations and informal interviews with teachers 

should be used to better determine teachers’ motivation, cognitive views, and 
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instructional strategies used to make biotechnology and genomics relevant and 

comprehensible to 21st century students.  Further, informal interviews may allow 

the researcher to understand when the teachers deem it is appropriate to 

integrate unit like this into their classes and in what process this should occur.   

In addition, an integrated approach across the curriculum to help students 

see science concepts applied in real-world contexts may address the duration 

and appropriateness concerns. Future research should focus on how and when 

teachers integrate each lesson into their classes, rather than focus on how 

teachers implement an entire unit devoted to this topic. A participatory action 

research approach could be effective in understanding how teachers tailored the 

instructional resources for their students.   

This study provides support for future research regarding biotechnology 

and genomics education at the high school level.  In order to become informed 

citizens and formulate decisions regarding biotechnological applications, it is 

imperative that students understand related concepts and consider the benefits 

and costs of this area of science (McLaughlin & Glasson, 2003), and good 

biotechnology education should be the foundation for this to happen (Chen & 

Raffan, 1999).  A high school biotechnology and genomics curriculum that 

includes active-learning components, particularly computer-based like The Apple 

Genomics Project, may be effective in promoting student knowledge and positive 

perceptions of learning experiences. 

5.11. Research Summary 

In summary, this study focused on the effects of the Apple Genomics 

Project active-learning lessons on student knowledge, motivation and 

perceptions of learning experiences and teacher perceptions of teaching 

experiences.  Students in both control and treatment classrooms demonstrated a 

significant knowledge gain upon completion of a biotechnology and genomics, 

although no significant differences in knowledge gain between the two groups 

was observed.  However, students in the treatment classrooms demonstrated a 
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significantly higher level of biotechnology and genomics knowledge application. 

Students in both control and treatment classrooms did not demonstrate a 

significant change in motivation, yet students in the treatment classrooms 

perceived their learning experiences during the biotechnology and genomics unit 

to be more positive than their counterparts in the control classrooms.  Given the 

outcomes of this study, it is likely that the active-learning method of teaching, 

which utilizes the computer as an educational tool, may be a well-received and 

suitable alternative to introduce high school students to a difficult yet cutting-edge 

topic like biotechnology and genomics.      
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