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ABSTRACT 
 
 

This study examines the effect of a technology-based instructional tool ‘Geniverse’ on the 

content knowledge gains, Science Self-Efficacy, Technology Self-Efficacy, and Career Goal 

Aspirations among 283 high school learners. The study was conducted in four urban high 

schools, two of which have achieved Adequate Yearly Progress (AYP) and two have not. 

Students in both types of schools were taught genetics either through Geniverse, a virtual 

learning environment or Dragon genetics, a paper-pencil activity embedded in traditional 

instructional method.  Results indicated that students in all schools increased their knowledge  

of genetics using either type of instructional approach. Students who were taught using 

Geniverse demonstrated an advantage for genetics knowledge although the effect was small.  

These increases were more pronounced in the schools that had been meeting the AYP goal. The 

other significant effect for Geniverse was that students in the technology-enhanced classrooms 

increased in science Self-Efficacy while students in the non-technology enhanced classrooms 

decreased. In addition, students from Non-AYP schools showed an improvement in Science and 

Technology Self-Efficacy; however the effects were small. The implications of these results for 

the future use of technology-enriched classrooms were discussed.   

Keywords: Technology-based instruction, Self-Efficacy, career goals and Adequate Yearly 

Progress (AYP). 
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CHAPTER 1: INTRODUCTION 

 Success in what is currently called the STEM disciplines (Science, Technology, 

Engineering and Mathematics) holds the key for opening up myriad career avenues for students 

who are currently in high school and will constitute the scientists and professionals of the 21st 

century.  Thus, it follows that the achievement levels of current students in the STEM fields 

should be increasing and should represent an area of strength in the American educational 

system. Alarmingly, a recent study by the U.S. Department of Education on the level of science 

and mathematics knowledge among students in 33 countries has concluded that students in 

American classrooms are performing lower than students in 12 (mathematics) and 17 (science) 

comparison countries (NCES, 2012). Furthermore, American students are not very enthusiastic 

about pursuing STEM initiatives (Hussain & Robinson, 2012) as a decreasing proportion of 

American students are choosing to pursue careers in science. The magnitude of this problem is 

causing educators to seek solutions in a variety of ways. Primarily, educational practitioners 

have experimented with various teaching styles to enhance the academic performance of 

students and to increase their levels of motivation in general and scientific Self-Efficacy in 

particular. One of the more recent innovations is to use technology-enhanced curricula that tap 

into the extensive background of experience of the digital natives that inhabit today’s 

classrooms.  The purpose of the present study is to evaluate the effectiveness of one of these 

technology-enhanced curricula-the Geniverse program to teach genetics. 

This study examines the impact of technology-based instruction on academic knowledge 

in a high school genetics unit. This study assumes that robust genetics knowledge will culminate 

in better performance on standardized tests. Along with knowledge, I also examine the 

attitudinal changes in terms of science and technology Self-Efficacy and I investigate whether 
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the students’ Career Goal Aspirations in relationship to a science career were increased. 

‘Geniverse’ is funded by the National Science Foundation (NSF) and is therefore an ideal 

candidate for this type of research. In addition, the Concord Consortium developed online 

software as the platform for research and encouraged educators to access this software. The 

research reported in this dissertation is one of these efforts.  

Importance of Genetics in Our Society 

 
Society has always been intrigued by the enigma of what makes us the way we are. The 

question of “did humans evolve from apes?” has long captivated the curiosity of many. The 

study of genetics holds the key to these fundamental questions of life. It not only substantiated 

the evolution of human beings from apes when 96% of the human genome was found to be 

similar to that of chimpanzees (Lovgren, 2010), but it also reduced the question to a rather 

rudimentary level of “how far can we trace our lineage?” The realization crept in that our 

genome shares some similarity even with bacteria, yeast, and insects, because even our proteins 

share similarity. This is why rats, dogs, and chimpanzees are all used to test the efficacy, 

toxicity, and teratogenicity of new medical treatments (Greek, Shanks & Rice, 2011).  

 Genetics has myriad applications in the fields of medicine, forensics, biomedical 

research, pharmaceuticals, and agriculture. With increased advances in technology, we have 

unearthed a wealth of knowledge and integrated it into various facets of our day-to-day lives. 

Because of its importance it is imperative that students develop at least a basic knowledge about 

genetics so they can make informed decisions about medical, ethical, legal, and social issues. 

Thus, developing a more effective way to teach genetics has important implications for many 

aspects of the lives and careers that students face. 



3	  
	  

The role of genetics in the medical and agricultural fields is irrefutable in the 21st 

century. Knowledge in genetics provides a basis for understanding hereditary diseases like some 

types of autism, for learning about a predisposition to certain cancer types, for deciding whether 

to use genetically modified organisms, for determining ancestral lineage, and even for solving 

crime scenes. Learning about genetic diseases and cancer provides our society a chance to 

combat them as only the source of a problem can hand us an ultimate solution. 

My curiosity about genetics was kindled when my best friend’s son was diagnosed with 

a fatal genetic disease: Duchenne Muscular Dystrophy (DMD). During my early teaching 

career, my best friend and her husband were blessed with a healthy baby boy. This story, 

however, did not end with the usual “they all lived happily ever after!” The family lived in 

happiness only up until their 6-year-old son suddenly started losing the control of his legs. He 

would fall often, and, in no time, it became a matter of concern for his parents. On investigation, 

he was found to have DMD. Her family held my friend responsible for the child’s condition. 

The ill treatment of the family toward her made me investigate DMD further in detail.  

As a science educator, I knew that this disease had everything to do with genes. My 

friend and her husband were both healthy-looking people with absolutely no signs of this 

disease. It was when I learned about the gravity of the illness that I tried to search for its cures 

and management, only to learn that my efforts were in vain. As life had taught me, if we had 

more information about such diseases, we might have found a better treatment before it was too 

late.  

I decided to put forth this real-life experience to kindle the passion of students toward 

genetics and make this topic more relevant to their lives. I decided to ask my biology class 

students to investigate the inheritance of DMD after I told them my friend’s story while 
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maintaining anonymity. For the research project, students decided to work on various Punnett 

squares (a diagram used to predict an outcome of a particular cross or breeding experiment) with 

all sorts of different allele combinations for my friend and her husband. They brainstormed, 

discussed, and came up with interesting findings, which are summarized in Figure 1.1 from the 

U.S. National Library of Medicine. 

	  

Figure 1.1: Inheritance of DMD gene from a carrier mother (U.S National Library of 
Medicine) 

 
One student said, “The gene for Duchenne’s muscular dystrophy is located on [the] X-

chromosome. Therefore, we know that the gene for DMD had to lie on either on the wife’s XX 

or her husband’s one X. If it was on the man’s X chromosome, then he should have had the 

disease but he does not, so, by process of elimination, the lady was determined to be the 
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carrier.” Students made the observation that women could be carriers and not show any outward 

symptoms. Conversely, if the man’s X had a DMD gene, he would suffer with the disease. 

Therefore, it was imperative for the couple to seek genetic counseling before they decided to 

have a second baby to ascertain whether their son would suffer the same fate or their daughter 

would be a carrier for this deadly disease.  

Students who were previously facing difficulty comprehending the relevance of Punnett 

squares and genes in their lives were able to solve this real life problem. This experience 

provided me with what I thought to be a tremendously promising approach to teaching genetics. 

As I further discovered, the abstractness in the terminology persisted and this project-based 

learning was useful to only some with many students falling short in comprehending the 

nonfigurative Punnett Squares. They could not make the connection between the letters of 

Punnett squares and genes. I realized that the concept needed an all-encompassing teaching 

technique, which was not being provided by the paper-and-pencil technique I had been using. 

This further led me to investigate different techniques to teach this important content. 

Ultimately, this led me to investigate Geniverse, a virtual learning environment.  

Role of Genetics in Science curriculum 

Some of the major reasons why students must learn genetics are as follows: 

• To understand the patterns of heredity and inheritance. 

• To develop decision-making and critical thinking skills during ethical situations like 

genetics testing, cloning etc. 

• To succeed in high stakes testing as genetics forms a major component of the State 

assessment and in turn helps in establishing the Adequately Yearly Progress of the 

school. 
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Although the study of genetics forms an important part of the K-12 science curriculum, 

the curricula of many states fail to emphasize in-depth studies of many of the critical components 

of this subject. Given genetics’ importance, it is alarming that a majority of high school students 

have a poor understanding in this area. There is dire need for genetic literacy among our youth, a 

conclusion reached by many authors and educators (Braswell et al., 2001; NAEP, 2000). To 

elucidate the lack of clarity on crucial and very basic terms, an essay competition hosted by 

scientists of the American Society for Human Genetics (ASHG), Genetics Society of America 

(GSA), and National Society of Genetic Counselors (NSHG) on National DNA Day (Dougherty, 

Pleasant, Solow, Wong, & Zhang, 2011; Shaw, Horne, Zhang, & Boughmann, 2008) serves as an 

alarming example. High school students demonstrated a lack of depth in understanding and many 

misconceptions regarding basic terms like “gene.” They could not differentiate genes from 

chromosomes and DNA and misunderstood the inheritance patterns. Many thought that one gene 

was responsible for one trait.  Dougherty and his colleagues, therefore, found state curricula 

deficient and went further to attribute teachers’ autonomy in the classroom to be one of the 

sources of this problem. The authors proposed that teachers be given sufficient leeway to teach 

the content in the best possible manner using the best possible available resources to suit the 

learners. 

Necessity for reform in teaching strategies 

 There is a dire requirement to look into new teaching and learning tools. I observe three 

main reasons for the same: 

1. High School Science encompasses abstract concepts. 

2. Genetics forms an important part of high stakes test.  
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3. Present teaching tools are deficient in connecting classroom teachings to real life 

applications and hence not motivating students into STEM careers. 

 

1. High School Science encompasses abstract concepts 

My viewpoint for the deficiencies in student knowledge has always been that because 

genetics is a science at the micro-level it cannot adequately be demonstrated with paper-and-

pencil activities. Thus, what are required are hands-on activities that have a relationship to the 

students’ actual life. Unfortunately, most urban schools do not possess the necessary scientific 

equipment to conduct real-life experimentation such as breeding plants and animals to observe 

the patterns of inheritance in a laboratory setting. This leads directly to the idea that such 

experimentation might be able to be simulated through technology-enhanced instruction. In an 

example of inheriting hair color, it is essential for students to understand the concept of 

dominant and recessive genes to even begin to guess what the hair color of an offspring might 

be if the parents’ hair colors are known. This is challenging at any time, but it becomes even 

more daunting when the traditional paper-and-pencil method is used to explain the concept, 

especially when alleles are symbolized with letters. Perhaps by using some form of computer 

simulation where the genetic process is portrayed, the disadvantages of a simple paper-and-

pencil demonstration can be overcome.    

2. Genetics forms an important part of high stakes assessments: 

  Pennsylvania State and School District standards have set a high bar for students in 

genetics. According to Pennsylvania Biology State standards 3.3.10 the students must be able to 

do the following: 

1. Describe how genetic information is inherited and expressed. 
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2. Compare and contrast the function of mitosis and meiosis.  

3. Describe mutations’ effects on a trait’s expression. 

4. Distinguish different reproductive patterns in living things (e.g., budding, spores, fission).  

5. Compare random and selective breeding practices and their results (e.g., antibiotic resistant 

bacteria). 

6. Explain the relationship among DNA, genes and chromosomes. 

7. Explain different types of inheritance (e.g., multiple allele, sex-influenced traits). 

8. Describe the role of DNA in protein synthesis as it relates to gene expression. 

Although these gold standards are well placed and rightly directed toward the 

understanding of key concepts, there is little reason to doubt that students throughout the state, and 

especially in under-served urban schools, are unable to meet these standards with the present mode 

of teaching and learning tools. One of the core reasons for this failure is the lack of connection 

between textbook knowledge and its application in the real world.  

The Keystone Assessment Tests are the accountability measure for distinguishing 

between performing and non-performing schools. The student performances on these assessments 

are directly linked to Adequate Yearly Progress (AYP) and students need to achieve well on these 

assessments to facilitate the school’s goal of the AYP metric. AYP is an accountability feature of 

the federal No Child Left Behind (NCLB) policy on which the school’s annual funding depends 

(Kim & Sunderman, 2005). If a school does not meet AYP two years in a row, it is placed under an 

“improvement” plan, and the institution faces harsh consequences (NCLB Action Briefs, January 8, 

2002). If for no other reason than this, genetics is a critical component of the high school curriculum 

since this content is an important aspect of the Keystone test in science. 
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3. Present teaching tools are deficient in connecting classroom teachings to real life 

applications 

The students in my classroom are keen to work on the Punnett squares tirelessly and solve 

numerous problems. They do not, however, really comprehend the underlying concept. They 

seldom associate Punnett squares with the true picture of inheritance. The problem lies in their 

inability to integrate learned concepts and reality; for instance, they fail to comprehend that meiosis 

is a crucial cellular event that contributes to genetic inheritance and variation by the process of 

crossing over (exchange of genetic material between homologous chromosomes during meiosis). 

Further, students do not make the connection between the Punnett squares and another essential 

concept of genetics known as “independent assortment.” Finally, they have a misconception that 

“one gene expresses exactly one trait,” as most of our activities tend to project.  

An empirical study reported similar findings with high school biology students (Stewart 

& Dale, 1989). In this study, even though students solved genetics problems with great accuracy, 

their understanding was flawed during one-on-one interviews. Stewart and Dale therefore argued 

that students were not cognizant of chromosomal segregation during meiosis owing to the lack of 

clear understanding of abstract terms such as alleles, chromosome, and genes. Even though the 

sample size in this empirical study was small, the findings are worth pondering. Stewart and Dale’s 

findings are in tandem with my experience of teaching genetics. The disconnection between theory 

and practice is probably attributable to the abstract nature of the subject matter and the insufficiency 

of traditional methodology of teaching genetics. Such findings emphasize a need for a better 

teaching methodology. As a practitioner, I too hold a similar ideology as that of many researchers—

the reason for poor performance in genetics lies in the inability of the students to apply classroom 

knowledge to everyday life (Lewis & Kattmann 2004; Lewis & Wood-Robinson, 2000). To meet 
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this goal, I believe that these concepts require an additional teaching tool to make the abstract 

material of genetics more concrete. Genetic education needs to be implemented more proactively in 

our school systems to enable the future generations to make right and ethical choice for themselves. 

There is an immediate need for better teaching and learning techniques in the field of genetics. 

Virtual Learning Environments (VLEs) 

The following is a definition of virtual learning environments by Dillenbourg, Schneider & 

Synteta (2002): 

• A virtual learning environment is a designed information space. 

• A virtual learning environment is a social space: educational interactions occur in the 

environment, turning spaces into places. 

• The virtual space is explicitly represented: the representation of this information/social 

space can vary from text to 3D immersive worlds. 

• Students are not only active, but also actors: they co-construct the virtual space. 

• Virtual learning environments are not restricted to distance education: they also enrich 

classroom activities. 

• Virtual learning environments integrate heterogeneous technologies and multiple 

pedagogical approaches. 

• Most virtual environments overlap with physical environments. 

This study will implement Geniverse, a virtual learning environment (VLE), as a teaching and 

learning tool to enhance student knowledge and foster attitudinal changes. 



11	  
	  

Research Questions  

Many researchers have argued in favor of the inclusion of technology as a strategy for 

science teaching and learning because of its various constructivists features; e.g., collaborative, 

novel, concrete, learning by doing, etc. (Kim, 2006; Sun, Lin & Wang, 2010; Yang, Chen, & 

Jeng, 2010). These arguments support my hypothesis that the use of technology in a genetics 

classroom will help overcome the various problems seen in a traditional classroom. In this light, 

the following questions will be answered in this dissertation:  

Q1.  Will a technology-based instruction in a genetics classroom improve genetics knowledge 

as compared to a non-technology instructional approach? 

Q2: Will Geniverse impact students from AYP schools and Non-AYP schools to the same 

extent? 

Q3:  Do technology-based instructions have an impact on Science and Technology Self-

Efficacy and Career Goal Aspirations? 

I hypothesize that Geniverse will support learning and comprehension of genetics, 

thereby improving genetics knowledge in both types of schools. Further, to improve content 

knowledge, it is also expected that Geniverse will improve student Science and Technology Self-

Efficacy and Career Goal Aspirations as observed with other technology inclusion studies (Lent, 

Brown & Larkin, 1984 &1986; Lent & Hackett, 1987; Pajares, 1996). 
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Terms and Definitions 

1. Virtual Learning Environments: The following is a definition of virtual learning environments 

by Dillenbourg, Schneider & Synteta (2002): 

• A virtual learning environment is a designed information space. 

• A virtual learning environment is a social space: educational interactions occur in the 

environment, turning spaces into places. 

• The virtual space is explicitly represented: the representation of this information/social 

space can vary from text to 3D immersive worlds. 

• Students are not only active, but also actors: they co-construct the virtual space. 

• Virtual learning environments are not restricted to distance education: they also enrich 

classroom activities. 

• Virtual learning environments integrate heterogeneous technologies and multiple 

pedagogical approaches. 

• Most virtual environments overlap with physical environments. 

2. Self-Efficacy: A person’s belief in his/her ability to succeed in a particular situation (Bandura, 

1994)  

3. AYP: Adequate yearly progress is the measure by which schools, districts, and states are held 

accountable for student performance under Title I of the No Child Left behind (NCLB, 2002). 

4. NCLB: The federal No Child Left Behind (NCLB) Act of 2001 aims to bring all students up to 

the proficient level on state tests by the 2013-2014 school year, and to hold states and schools 

more accountable for results (NCLB Action Briefs, 2002).  
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5. Keystone exams: The Keystone Exams are end-of-course assessments designed to assess 

proficiency in various subjects in the state of Pennsylvania. During the 2012-2013 school year 

the following Keystone Exams will be available: Algebra I, Literature and Biology (Keystone 

Exams, 2012).   
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CHAPTER 2: LITERATURE REVIEW 

 
Over the past decade, society has experienced a revolutionary transformation in teaching 

and learning tools that range from textbooks to smart lessons to computer simulations. Today, 

we see students partnering with universities in coming up with cutting edge poster-presentations 

for science fairs, something that could not have been feasible without the influx of new 

technology. The impact of this technological revolution is experienced by society and education 

alike. It is becoming a part and parcel of the academic arena by providing easy access to a 

wealth of knowledge with online tools such as curriculum based software, podcasts, you-tube 

lessons, and more. Technology infusion might be the key to student achievement and overall 

academic success. 

The performance of students on state-mandated standardized tests contributes towards 

achieving Adequate Yearly Progress (AYP). Twenty-five percent of the test for biology is 

geared towards genetics. Given the importance of learning genetics to achieve well on 

standardized tests, it is imperative to explore other teaching tools. Traditional teaching 

methodologies need to undergo major transformations to bring in a positive change in academic 

achievement and other attitudinal factors. In this research, I compare and contrast different 

constructivist modes of teaching and learning tools to enhance student learning, Self-Efficacy 

and Career Goal Aspirations.  The efficacy of a traditional curriculum with paper-pencil 

‘Dragon Genetics’ constructivist activity is explored against ‘Geniverse’ a technology-based 

constructivist instructional tool. The two modes of teaching tools compared in this study are 

constructivist in nature varying only in degree of adherence to constructivism and the tools they 

employ to enact its principles.  
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In this chapter, I briefly discuss the features of traditional teaching methodologies and 

point out pros and cons of constructivism.  I then discuss how the chosen two teaching modes 

adhere to the tenets of constructivism. Finally I elucidate the pros and cons of using technology 

as a teaching tool, referencing a number of seminal empirical studies that show that technology 

and constructivism are tightly knit at fundamental levels and that this marriage positively affects 

academic achievement, Self-Efficacy, and Career Goal Aspirations. 

Traditional genetics classroom 

Students in a traditional genetics classroom are usually passive learners in a teacher-

centered environment with little to no autonomy to explore the subject knowledge beyond the 

words of the teacher (Zoller, 2000). Teacher-centered classrooms often assume that all students 

have similar prior knowledge and ignore the individual differences between them (Lord et al., 

2005). In my experience as an educator and mentor, I have observed that traditional classrooms 

are non-interactive environments wherein teachers usually resort to direct instruction (lecture 

method), reading the textbook and assigning worksheets based on the reading. In some cases, 

students solve genetics based Punnett square problems to predict the hereditary outcomes of 

crossing various allele versions without understanding the underlying concepts (Stewart, 1982). 

Laboratory activities for concepts like Mendelian genetics or meiosis are difficult to conduct in a 

classroom setting; thus, teachers usually resort to lecture or direct instruction method. During the 

entire process, students are expected to silently take notes and try to understand the concepts. 

Researchers have observed that students seldom learn in such passive conditions and are by and 

large non-productive (Zoller, 2000). In a traditional classroom the teachers are expected to be 

omniscient knowledge dispensers for the students, who are reduced to inactive receivers of 

information.  
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One should not discount traditional methodology as it works in many settings, as 

discussed later in the chapter. An alternative to traditional teaching would be to teach in a 

constructivist methodology, which addresses a majority of criticisms that are directed towards 

traditional teaching. 

Learning by constructing knowledge – Constructivism 

The theory of constructivism is defined by the ideology that people learn by constructing 

meanings for an observed phenomenon, which leads into creation of new knowledge. It is a well 

accepted and an immensely popular theory in the field of science education pertaining to the 

process of the formation of new knowledge. Constructivists believe in the effectiveness of 

procedural nature of learning; learning is the result of individual mental construction, whereby a 

learner learns by virtue of matching new information against the old and establishing 

meaningful connections, rather than by memorizing mere facts to be regurgitated later on 

(Jonnasen, 1991). Consequently, if a student can comprehend a problem-solving situation with 

an in-class task, then he/she would have constructed an interpretation of the concept culminating 

in the formation of new knowledge. Therefore the question arises as to what could be the 

difference between the ways of knowledge acquisition by a student in a traditional classroom 

versus in a constructivist classroom.  

Students in a traditional classroom also construct meaning for themselves; however, the 

process is primarily instructor-centered and the onus of thinking and self-construction of 

knowledge lies with the learners. In contrast, in a constructivist classroom, a teacher allows 

students to hypothesize, predict, manipulate objects, pose questions, research, investigate, 

imagine, and invent new ideas, requiring students to interact with information actively in the 
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classroom setting and constructing meaning for themselves. The teacher primarily acts as a 

facilitator and not as a mere knowledge giver.  

Constructivism came to be a central educational formulation in the late 20th century and 

has come to be chiefly categorized into two types: cognitive/radical/personal constructivism and 

social/realist constructivism. Piaget, Bruner, Ausubel and Glaserfeld were the primary 

proponents of cognitive constructivism (Matthews, 1988). They believed that learner-centered 

classrooms and learning by discovery were the primary means to achieve significant learning. 

Piaget, the father of cognitive constructivism, believed that knowledge was best learned when it 

is self-constructed by students. According to him, there are three stages to knowledge formation: 

assimilation, accommodation and equilibration. Assimilation involves acquiring of new 

information, which is then fitted into the existing schema of knowledge during accommodation. 

This is followed by the phase of equilibration where the learner attains equilibrium with the new 

information and internalizes it. As per his theory of constructivism, students learn by 

experiencing a variety of activities and then reflecting on them (Piaget, 1960, 1995). According 

to Piaget students construct their knowledge on the basis of prior information and experience by 

actively engaging with in-class tasks working collaboratively.  

Vygotsky developed the form of constructivism that is termed social or realist 

constructivism (Liu & Matthews, 2005). Other proponents for social constructivism are Kuhn, 

Greeno, Lave, Simon, and Brown (Liu & Matthews, 2005).  They considered the learning 

environment to be a context in which social interaction takes place. This interactive 

environment facilitates discovery and, therefore, leads to knowledge acquisition. According to 

Turuck (2008), Vygotsky’s ideology has implied the enhancement of skills through 

collaboration and proposed that working in collaborative groups improved learning. He believed 
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that children learn better in a social setting where students work as collaborative groups to 

interact and react to the problems. Working collaboratively results in learning as a social process 

and builds up camaraderie among students.  As a constructivist tool, technological multimedia 

activities in a classroom help students to work with their peers on a problem and thus enhance 

students’ ability to express their ideas and put forth intelligent argumentation(s), thus further 

enhancing creation of new knowledge (Clark, Stegmann, Weinberger, Menekse & Erkens, 

2007). Even the non-achieving and introverted students in a collaborative educational arena tend 

to contribute to technology-based online conversations among peers with minimal reservations 

(Dede et al., 2004). Peer interactions lead to vicarious learning, i.e. learning from each other’s 

behavior through observation (Britner & Pajares, 2006). In accordance with constructivist 

theory, students exposed to a number of such collaborative and reflective activities in lessons 

craft a deeper understanding of underlying concepts. 

Even though the two categories of constructivism (i.e., the cognitive and the realists) 

have contrasting views regarding the pathways of knowledge formation, together they laid the 

ground-rules for better understanding of constructivist epistemology. Between these two 

positions immense contributions to the field of science education were made. Based on the 

works and ideologies of Piaget and Vygotsky in this field, incorporation of constructivism 

would empower the learners in the following ways: 

• Facilitates active collaboration  

• Deems instructor as a facilitator and students as active participants  

• Lays responsibility on the learner  

• Encourages learning through authentic and whole activities. 
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Facilitates Active collaboration 

 Constructivist classrooms promote active collaboration among learners. Such 

collaboration among learners supports better learning, generates more student-originated 

questions, and crafts a social environment (Lord et al., 2005). The researchers in their study with 

two non-majors undergraduate biology lab classes compared traditional teaching to 

constructivist methodology and found that there were significant differences between the two 

groups in terms of quiz scores, participation, science appreciation and attendance. The students 

in the constructivist classroom were more motivated to ask questions in class, join a group 

discussion and be present at the lab classes. Lord et al. (2005) claim that learning takes place 

when students are collaboratively and actively engaged in problem solving. 

 

Teacher as a facilitator and students as active participants 

A teacher has a major role to play in a constructivist classroom and is not sidelined as 

popularly believed (Gray, 1997).  In constructivism, the chief emphasis is on the learner with 

teachers considered to be primarily facilitators.  Constructivist teachers help students reflect on 

their learning strategies and constantly assess their learning. Contrary to the popular belief a 

teacher’s role is much more complex in a constructivist classroom than a traditional one. Both 

Piaget (1960) and Dewey (1938) believed that the educator’s role is to shape a learner’s 

environment by understanding the kind of surroundings that tend to improve the reasoning 

process.  
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Constructivism lays responsibility on the learner 
 

 In a constructivist classroom, lessons are usually delivered as problem- based activities. 

The students are allowed to generate their own questions and experiment to find the answers for 

their questions. As a consequence, students develop deeper and longer lasting knowledge. 

Students share the responsibility in decision-making and gain mutual respect towards their peers 

in the process of problem solving. Sheridan (1993) claims that there is freedom of learning in a 

constructivist classroom; however, not without a certain amount of restraint. He believes that the 

teacher, for an effective learning process to take place, must establish the behavioral parameters 

in the classroom. The learners take it upon themselves to acquire the knowledge rather than 

having the learning imposed on them by an external agent.  

 

Authentic and whole activities facilitate learning 

  Dewey (1938) believed that students should learn a concept with practice on realistic 

tasks. For example, technology embedded science modules set up a problem in a realistic-

looking environment and offer multi-modal feedback to the students. Authentic activities have 

the following ten basic characteristics according to researchers (Reef, Herrington & Oliver, 

2002):  

•  Hold real life relevance 

•  Are complex 

•  Are ill-defined 

•  Use many resources 

•  Are not time bound 

•    Have no single solution 
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•  Provide opportunities to collaborate 

•  Provide opportunities to reflect.  

• Are interdisciplinary 

• Are seamlessly integrated with assessments 

 Such authentic activities promote immersion into the activity for a better and enhanced 

learning. As Hein (1991) proposes, learning cannot happen in isolation; it is based on prior 

experiences. In addition, learning happens in relationship to one’s beliefs, prejudices and fears. 

Dewey (1938) also proposed that an interaction takes place between the learner and the 

environment during a learning situation; the outcome of the situation is dependent upon the 

learner’s previous experiences. Thus, authentic lessons facilitate new knowledge formation 

although they are based upon a student’s own previous schema. 

Criticism of Constructivism 

 Constructivism is a popular paradigm in the field of science education (Nanjappa & Grant, 

2005; Osborne, 1996) as it is considered to be a perfect fit for science learning; nonetheless, 

many researchers have expressed their reservations against such a notion (Airasian & Walsh, 

1997; Boden, 2010; Osborne, 1996). I will discuss the basis for these criticisms in the following 

few paragraphs. 

 Constructivism has paved the way for new teaching and learning methodologies in science 

education. This theoretical approach could be a very appealing theory for the following three 

beliefs (Airasian & Walsh, 1997): 

• Motivating the student to learn rather than pass on the information passively.  

• All students can and will learn.  

• Onus of learning lies with students rather than the teacher. 
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 Though all the beliefs are very impressive to hear and believe, they seldom transpire 

perfectly in the real world. Thus, some scholars have delineated the problems in the assumptions 

of constructivism (Airasian & Walsh, 1997). For instance, ‘there is no single solution to a given 

problem’ should not be interpreted as there is no solution to the problem and all answers are 

deemed right. Constructivist teachers must recognize that there are right and wrong answers to 

every problem. Secondly, the time taken by free-lance research by students for any given 

problem might be far more than the allocated time for the teaching of that concept. Thirdly, 

‘students construct their own meanings’ can be dangerously unreliable and can lead to many 

faulty constructions of knowledge. One implication of this issue is that any problem can be 

interpreted in various ways based on a student’s prior knowledge and background. There may be 

as many interpretations of the concepts as the number of students in the classroom and an 

educator may face quite a challenge to set the deviant students onto the right path (Airasian & 

Walsh, 1997). Finally, authors also speculate that if the theory of knowledge applies to all 

disciplines alike, it is unclear whether these methods will be equally successful across all subject 

areas.  

 In addition, many researchers like Terhart (2003) noticed that even though constructivism 

brought out many important teaching and learning recommendations, it did not bring about any 

new didactic paradigms. Although it is the most accepted theory it did not bring enough ideas to 

the table to create a paradigm shift. Fox (2001) pointed out that constructivism dismissed some 

teaching strategies like memorization, passive perception and other mechanical methods of 

traditional teaching methodology far too easily. According to Fox, the lecture method, though 

frowned upon by constructivists, should not be dismissed as easily as it has been found to be 

very effective in many Asian countries (Biggs, 1998). Overall, it would be an overstatement to 
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conclude that research unequivocally indicates that constructivist methodology has been more 

successful in delivering knowledge than a more traditional pedagogical approach.  

 Some researchers (Reid & Young, 2010) feel that open-ended problems are too much to 

handle at all levels of education. This type of problem-based learning leaves an open arena with 

no right or wrong answer. As an educator active in practice, I have always felt the discomfort of 

my students with open-ended problems. Most of them look towards me for clues for the perfect 

answer, which they know will attract good grades. High-school students at this age have a 

limited perception of learning and do not understand that real-world problems almost never have 

cookie cutter solutions. It is the responsibility of the instructor to instill critical thinking 

abilities. Most students are novice learners and do not possess sufficient prior knowledge to 

make sense out of specific context. This lack of background knowledge to make problem 

solving realistic is a problem that constructivism has never been completely able to handle 

(Kirschner, Sweller & Clark, 2006). Researchers have argued that an unguided and ill-defined 

problem can do more harm than good in helping students learn. Conversely, a well-guided 

venture into a properly defined open-ended question is likely to result in better learning.  

 There are pros and cons to every paradigm. In fact, it would be fair to deduce that no single 

methodology can fit all scenarios alike and teaching strategies in science must change according 

to the requirement of the content matter to be taught. Technology and other constructivist 

teaching tools must be further explored for their potential to teach content more effectively. 

Dragon Genetics: A paper pencil constructivist-teaching tool 

 This constructivist activity (Waldron & Doherty, 2010) is used as reinforcement for 

genetics concepts taught in the form of a paper- pencil worksheet. The activity is embedded in 

the traditional curriculum prescribed by the school district. The activity is time tested and used 
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by many district teachers to reinforce Mendelian laws of independent assortment, segregation, 

dominant-recessive alleles, linkage etc. As the name suggests the activity uses dragons to study 

the patterns of inheritance of multiple genes. Students use Popsicle sticks to simulate 

chromosomes and drop them from a height to simulate the independent assortment and 

segregation. Teacher beliefs make the activities either purely constructivist or traditional. If a 

teacher believes that students need scaffolding and direct instruction during such activities, then 

it leaves very little room for student’s construction of knowledge. On the other hand, if the 

teacher allows the students to explore and silently facilitate the activity from the background, 

the activity may lead to construction of long lasting knowledge. However, it cannot be ruled out 

that such activities need to be highly structured to ensure student success (Lotter, Hardwood & 

Bonner, 2007).  

Constructivist features of Dragon Genetics:  

• This activity is used as a collaborative tool with students working in groups after 

introduction of basic genetics terms and vocabulary.  

• Students are social during the activity, supporting each other and implement critical 

thinking. Students start working with two genes and slowly the activity gains complexity 

by involving four genes.  

• The activity is student-centered and they read through the instructions on the activity 

sheet and construct new knowledge of inheritance, linkage etc. by problem solving. 

• The activity is very structured and has many written instructions. 

• It is a hands-on-activity to enhance comprehension of randomization of alleles. 
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However, Dragon Genetics is deficient in the following features owing to its rigid and structured 

approach: novelty, fun, self-paced, role-playing, visual, and immediate feedback. All of these can 

be circumvented using technology.  

 

Technology: A Constructivist tool in Education 

 Three-year-old Aanya sat in a corner of a banquet hall while playing a video game 

blissfully oblivious of the festivities of a wedding ceremony around her. She was immersed and 

focused in the colorful world of the video game. I was watching her with fascination as she 

maneuvered through various hoops and loops. It was interesting to note how the three year old 

was developing her motor skills via a gaming console. One never imagines that these pieces of 

technology could have such a profound effect on the intellectual development of children. Gone 

are the days when children were amused with stuffed toys. They are raised in an environment 

full of technological games with twinkling lights, mesmerizing colors and joyful sounds.  

 In the 21st century it makes absolute sense to use technology to teach these “digital natives” 

(Prenksy, 2001). With the advent of iPods, iPhones and interactive games, technology has 

become a hand-held resource. Every student takes pride in carrying one of these devices and 

referring to it as often as possible whether it be to tweet or text or check-in on Facebook.  The 

present generation has been raised in a world of instant access to the required knowledge. 

Teaching science through technology makes the subject matter more comprehensible, sensory, 

and appealing. Unfortunately, too much classroom teaching remains trapped with the age-old 

methodology, which no longer applies to the present generation. Technology-based instructional 

tools could mean a very broad range of technologies and could be interpreted as any 

instructional technology. Thus, to narrow the scope, in this research I explored only the 
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interactive technologies that adhere to constructivism.  For example, pod-casts could be no 

better than teacher lectures. Thus, constructivist technology inclusion is likely to be an effective 

means of education and must be considered to be a serious approach for the present generation 

of learners.  

 Nanjappa and Grant (2005) found technology and constructivism to be complementary to 

each other. According to them, attempts to implement technology in classrooms have been in 

tandem with constructivism. The use of technology has made the classrooms more student-

oriented where teachers play a more intense role in steering the students in the right direction of 

inquiry. Teachers create the right learning environment for the students to construct the 

knowledge more efficiently. As mentioned previously, such a shift in content delivery requires a 

major preparation on the part of educators to ensure structured learning. Nanjappa and Grant 

(2005) have indicated that students expressed positive learning experiences from technology-

enhanced lessons. Students responded in favor of inclusion of technology during formative and 

summative assessments (Richard, 1998). 

 At the secondary school level teaching abstract concepts becomes a staggering task for 

teachers. By using the technological resources like online software, interactive simulations etc. 

teachers can make knowledge more accessible and relevant. Technology adheres to the tenets of 

constructivism closely and supports student-driven learning. The following features demonstrate 

how technology-inclusion can be viewed as a constructivist approach: 

• Promotes students to create their knowledge at their own pace 

• Supports cooperative learning anywhere and everywhere  

• Creates a student centered classroom 

• Sets up authentic tasks in a realistic environment 
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• Motivates learners to be responsible for their actions  

• Adds the awe factor into otherwise mundane lessons.  

 Strommen and Lincoln give an example of technology-driven constructivist lesson in a 

computer programming class (1992). In their research they compared teaching outcomes of 

traditional and constructivist classrooms. They refer to constructivist classrooms as Child 

Driven Learning Environments (CDLE), wherein students work on a self-originated project that 

utilizes programming. In a traditional classroom teachers explain, students listen, take notes, and 

then apply the theoretical knowledge to practice by working on an assignment once or twice a 

week. In a CDLE, however, students work on self-originated projects that utilize their own 

programming culminating in a rich, authentic, and self-directed experience.  In a traditional 

classroom, the concepts are learned in isolation from pragmatic worldly applications, whereas in 

CDLE students learn in a problem-based-real-life setting. This type of a technology- based 

constructivist approach in the field of teaching and learning has been found to be useful in 

motivating “at-risk” students (Muir-Herzig, 2004). Outcomes of this CDLE empirical study are 

noteworthy as projects created by students in a traditional setting were less creative than those 

created in a CDLE setting. Such a practice encouraged collaborative work amongst students to 

support and tutor each other. The role of the teacher is dynamic in a constructivist classroom. 

He/she has to manage being a tutor/lecturer, as well as a full time project manager while making 

sure that the focus of the class is the students. The study mentioned above is one of many that 

establish virtual learning environments as a powerful constructivist tool that enhances learning 

and motivation amongst all students alike.  

  Virtual learning environments also offer the flexibility of pacing and individualized 

teaching and learning methodologies. By integrating technology and constructivist methods of 
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project-based and problem-based learning, lessons can be learner-centric which gives students a 

sense of accountability towards completion of lessons. Thus, technology-inclusion and 

constructivism work hand–in-glove towards enhancing student learning.  

 

VLEs enhance content knowledge 

In this era of computers, teaching and learning strategies need a major revamping. There 

has been vast improvement in the usage of technology in classrooms since the 20th century. It 

would be a disservice to the students to continue learning through the age-old teaching and 

learning methodologies. They should make use of all the newly available technology to 

understand even the most abstract concepts in science. Many studies have found that technology 

can aid achievement when embedded in effective learning environments (Jones, Valdez, 

Nowakowski, & Rasmussen, 1995). 

There has been adequate documentation to demonstrate that technology enhanced 

learning environments contribute in a major way towards achievement. Marx et al. (2009) assert 

that when students are subjected to technology-infused and inquiry-based curriculum even the 

low achievers in science tend to perform well. Moreover, these immediate effects are magnified 

through time as the effects of the intervention show an increase in achievement over years. The 

study was conducted in the Detroit Public school system in partnership with the University of 

Michigan. The urban systemic reform was applied to 8000 students in the Detroit Public school 

system. There was a significant improvement in the achievement levels from pre to post test of 

the students. As the curriculum was student-centered and a problem solving learning strategy 

was used to learn key concepts in science, the authors noticed that the effect size of achievement 

increased significantly over three years, implying students learn and achieve better when they 

internalize the information by creating their own interpretations based on their prior knowledge.  
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Another interesting study in favor of technology-enhanced curriculum, conducted by 

Mann et al. (1999), showed that fifth grade students scored better on the SAT 9, a standardized 

test, when an instructional software for verbal skills and math was used in West Virginian 

schools. Nine- hundred and fifty fifth graders from 18 elementary schools were subjected to 

Josten’s integrated learning system software to improve SAT 9 scores. The data were collected 

from the surveys from the teachers and achievement scores from the students. The gains were 

attributed to the instructional software being aligned with the curricular objectives and being 

available consistently from kindergarten to fifth grade.  

 Technology enhances reflective thinking on the part of students and this feature serves as a 

major tenet of constructivism. For example, in a study with a sixth grade history class, students 

were subjected to a program called Archaeotype. Students used simulations to dig up artifacts, 

collaboratively observe and measure them in virtual labs and come up with interpretations and 

arguments to support their hypothesis. It was observed that students in the experimental group 

showed significant gains in the skills of interpretation and argumentations in comparison to the 

control group (Black & McClintock, 1999).  

Tarng et al. (2010) emphasize the importance of situated learning through a virtual pond 

for students to learn about the aquatic life and the interactions between the aquatic life forms.  It 

was established that teaching about aquatic life in an ecological pond in an elementary class 

could be made interesting and easy by using the VLE. They articulate that it would be desirable 

to maintain an actual ecological pond but that such ponds need to be built and maintained 

properly to provide students with safe and suitable environmental conditions. However, it may 

not be feasible in many schools to build and maintain a pond; thus, a virtual pond provides a 

very good learning aid. Two third-grade classrooms were chosen for the research with 31 
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students in each.  The same instructor taught both the control and the experimental groups of 

students. The control group was taught with the aid of still pictures, videos, PowerPoint 

presentations, and the textbook whereas the experimental group was subjected to the virtual 

ecological pond. The students were allowed to virtually dive into the pond to observe various 

species of aquatic plants and animals. The experimental group was permitted to carry out many 

investigations about the aquatic ecology. They were also allowed to manipulate the species 

population to see the imbalance in the ecosystem.  Both groups of students were given a pretest 

and posttest to assess the efficacy of the instructional unit. The questions were of three types: 

memorization, comprehension and critical thinking. It was found that there was no significant 

increase in the means of the two groups for the first two sets of questions from memorization 

and comprehension, but the experimental group had an improved score for the ‘critical thinking’ 

section. The authors attribute this to the fact that students from the control group who just 

watched videos or power point presentations could have just memorized the facts temporarily. 

Thus, they could not perform well on the critical thinking section. In terms of attitudes, most of 

the students found the virtual learning to be very interesting, easy to use, realistic, convenient, 

collaborative, and abundant in knowledge. Apart from the survey questionnaires students were 

also interviewed and observed to record their opinions about the virtual world. Students found it 

very interesting to be able to dive and observe the aquatic world and visualize the realistic 

motions of the creatures. Even though the study supported the use of Virtual Learning 

Environments in the class, the authors agree that it may be difficult to generalize due to the 

small sample size. However, the study does provide insight into the potential success of virtual 

reality in the field of education.  
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Another study using technology employed 3D virtual reality to teach “plate tectonics” 

(Kim, 2006).  With a sample size of 41 students, the researchers sought to compare the learning 

outcomes between the control and experimental groups. The experimental group was taught 

using the 3D virtual reality (3D Virtual image created by strategically placed projectors) and the 

control group was taught using the 2D manipulative by the same teacher.  The 3D virtual 

environment helped students see the movements of the plates and their effects in the lithosphere. 

This helped students correlate the effect of plate movements to earthquakes. A pretest/posttest 

design was used to measure the students’ attitudes toward science.   It was found that the 

students with 3D virtual reality showed a statistically significant improvement in their attitude 

scores from pretest to posttest in comparison to the control group. Appropriate technology 

aligned to curricular objectives has always seemed to make an impact on student knowledge.  

VLEs boosts Self-Efficacy 

Self-Efficacy as described by Bandura (1977) is the belief of a person to be able to 

perform certain behaviors. According to Bandura Self-Efficacy evolves due to four main 

reasons: 

• When one experiences success in one’s performance. 

• Observing peers being successful helps reinforce one’s own ability to perform 

certain tasks. 

• Self-Efficacy can be induced by another person’s words of encouragement. 

• Emotional arousal may lead to an increase in Self-Efficacy. 

Perceived higher Self-Efficacy positively influences learning outcomes (Bong, 2002; Pajares 1996; 

Zimmerman & Bandura 1994). Robust Self-Efficacy helps people to persevere through various 

difficult situations in life. 
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Geniverse is expected to improve the Self-Efficacy of the students by allowing them to be 

successful by solving various modules. As the students work collaboratively on the problems, they 

will learn from each other and support each other. The teacher being a facilitator will provide words 

of encouragement and direction to students who are struggling through various tasks of Geniverse. 

Cotton’s (1991) research has indicated that students who learned with technology- assisted 

lessons showed higher self- efficacy, increased on-task time and pro-social behavior. In tandem 

with Cotton’s findings, my study also asked the students to predict their success rate in science on a 

scale of 1-5, one being least successful and 5 being most successful on an attitudinal survey. After 

the implementation of the Geniverse, students once again revisited their Self-Efficacy beliefs on the 

motivational survey. With the previous research on the impact of Self-Efficacy on achievement, it is 

reasonable to conclude that learning genetics through Geniverse should result in higher Self-

Efficacy among students. Higher Self-Efficacy can also lead to a career choice in science as 

hypothesized by researchers (Lent, Brown &Larkin, 1984; Lent & Hacket, 1987). Technology has 

been known to impact Self-Efficacy in a positive manner (Baker & White, 2003). The empirical 

study by Baker and White revealed that 192 students who were exposed to problem-based learning 

of ‘lichens as Bio-indicators’ through GIS (Geographical Information Systems) had higher self–

efficacy and better scientific attitude in comparison to a control group who used paper mappings to 

support the data analysis activities.  

As a classroom teacher, I feel that VLEs can act as a hook for students who have difficulty in 

understanding the textbook. By first-hand observation most students show fascination towards the 

new technology whether it is I-pod or I-pad. They use their technology with pride. In my opinion, 

learning genetics through computers and maintaining online journals will feed into student’s Self-

Efficacy through their own successful ventures and vicarious experiences. In a study conducted by 
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Hsieh et al. (2008) in a middle school science setting, technology enhanced environments were 

found to significantly increase Self-Efficacy among students (N = 597). Self-Efficacy is an 

important predictor of academic achievement (Pajares, 2003) and therefore a key factor for all 

educators to focus upon.  

Dede et al. (2004) have been advocating the use of technology for an increase in Self-Efficacy 

and scientific inquiry attitudes among students as observed in the ‘River-City’ project.  By role-

playing as scientists in the virtual learning environment, even the under- achieving students showed 

an increase in Self-Efficacy.  

The Global Learning and Observation Benefit the Environment (GLOBE) program collects the 

environmental data from over the world; all students upload their environmental information about 

soil, cloud cover, temperature, humidity etc. There is an online collaboration within the student 

community across the globe in collection and interpretation of the data. Use of technology 

encourages global integration of student knowledge. This kind of activity leads to an increase in 

student self- efficacy (Means et al., 1997).  

VLEs improve Career Goal Aspirations 

There	  is	  no	  refuting	  the	  fact	  that	  the	  present	  time	  is	  the	  era	  of	  technology.	  Everybody	  is	  

forced	  to	  learn	  to	  operate	  technological	  devices	  in	  one	  form	  or	  another,	  whether	  it	  is	  smart	  

phones	  or	  an	  I-‐Pad.	  At	  this	  juncture	  teaching	  in	  a	  technology	  rich	  environment	  has	  a	  clear	  

implication	  for	  students	  who	  have	  lived	  with	  technology	  all	  of	  their	  lives.	  Geniverse	  inculcates	  

21st	  century	  skills	  in	  students.	  It	  has	  been	  my	  observation	  that	  students	  are	  immersed	  in	  the	  

educational	  material	  when	  they	  are	  working	  with	  technological	  devices.	  They	  intuitively	  know	  

how	  to	  operate	  them.	   
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It is alarming to note that most of my students are aiming at liberal arts as their major in 

college. This probably stems from the low Self-Efficacy they experience due to their 

unsuccessful performance in science. One of the solutions could lie in the inclusion of 

technology in the units to make them more appealing and relevant to tech-savvy students.  It is 

natural to expect that students who experience higher success in specific subjects are more 

likely to think of that subject being a part of their future. Students who experience higher Self-

Efficacy in science are more likely to choose science as a potential career (Lent, Brown & 

Larkin, 1986; Lent & Hackett, 1987; Pajares, 2003).  

Integration of technology in classrooms will not only enhance student achievement but also 

prepare them with the skills to be ready to join the work force. Dede et al. (2004) in their 

conference paper mention that the students in multi-user virtual environments (MUVEs), “the 

River-City” project- role-play as scientists to find a solution for 19th century illnesses. The 

students assume ‘avatars’ and interact with peers and collaboratively solve problems. Their 

findings suggest that students across the spectrum gained motivation, Self-Efficacy, and science 

knowledge. The research was purely qualitative in nature and the findings were based on 

interviews, surveys, and questionnaires. Role-playing and working collaboratively as scientists 

encouraged participation even among underachievers. This kind of learning also helped students 

with the skills needed for the 21st century job market. 

While using Geniverse, students will learn to perform online collaborations with peers, 

take screen shots to make their arguments, set forth sound arguments, use Microsoft word 

documents and employ many more technological skills. The VLE helps students independently 

organize, analyze, interpret, develop and evaluate their own and their peers’ work. Technology 
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enhanced instructional tools as pronounced by Dede et al. (2004) can help the students with the 

much-needed skills for the work force. 

Negative Impacts of Technology 

To assume that technology enhances achievement would be one-sided story and not 

consistent with a research orientation. One cannot dismiss the studies of researchers who have 

offered evidence to prove that technology can hinder the promotion of knowledge. There used to 

be an activity wherein children read for pleasure. But with the advent of fun technology in the 

market, children are so enamored by the glitter of technological revolution that they hardly read 

print materials. The activity of reading for pleasure has almost disappeared from the society 

during the past decade (Wolpert, 2009). As a result today’s children are showing a decrease in 

their active vocabulary. They are also losing their critical thinking and analytical skills, says 

psychology professor Patricia Greenfield from the University of California, Los Angeles 

(Wolpert, 2009). Wolpert reports that Greenfield also points out that there is no time for 

reflection, analysis and imagination while engaging with the technological media and one 

cannot be guaranteed success in the education field by just giving access to the internet. Clearly, 

technology needs to be implemented wisely. As technology is causing a loss of important skills, 

it is not considered to be a panacea. 

MacDonald reported for USA Today (2004) that too much technology can distract 

young minds from learning. Further, he also reports that researchers from Munich found that the 

performance of math and reading among 15 year olds declined significantly who had more than 

one computer at home. Most researchers observe that technology is useful only when it is used 

appropriately. The International Society for Technology Education (ISTE) claims that 

collaborative technology-based work influences student achievement and project based learning 
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and simulations motivate students more than the traditional practices (ISTE policy brief, 2008), 

with emphasis on appropriate implementation. Also, when the Apple Classrooms of Tomorrow 

(ACOT) program was evaluated (Baker, Gearhart & Herman, 1994), the researchers found that 

on standardized tests the students in the program did not perform better than the students in the 

control group, which did not have any technology at their disposal. Finally, Kulik (1994) 

performed a meta-analysis of 500 individual studies and came to the conclusion that technology 

did not have positive effects in all areas of education. These are just some examples of the many 

studies which speak against technology inclusion or appropriate inclusion. 

Both positives and negatives of technology enhanced teaching and learning tools have 

been outlined in this chapter. In this study I am looking for a teaching tool which will help 

increase student academic achievement, Self-Efficacy and Career Goal Aspirations. 

Virtual Learning Environment in genetics learning 

 The Concord Consortium recently developed one such NSF funded technological tool for 

enhancing learning. The resultant “Geniverse” software serves as a virtual lab for teaching 

genetics. As a high-school biology teacher, the software seems to be a tool with enthralling 

scope given the vagueness of the subject material and the field; therefore, it might be an 

appropriate tool to test the efficacy of technology-inclusion. 

Genetics, an important branch of biology, has a multitude of pragmatic applications in 

our society and the health care system. Given the importance of this subject, it is alarming that a 

majority of high school students lack basic understanding in this area. On average, only 

approximately 30% of 12th grade students answered genetics-based questions either completely 

or partially correct on the National Assessment of Educational Progress (NAEP) in 2000. The 

American Society of Human Genetics (ASHG) reveals that more than 85% of the states in the 
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U.S. have already set the bar pretty low, thus failing to meet the fast paced advancements in the 

field of genetics (Dougherty et al., 2011). Apart from the low standards, being a science teacher 

in the classroom, I find that the teaching and learning strategies in our genetics classes are 

outdated and thus call for a major revolution. The activities prescribed with the curriculum are 

very mundane and insipid, causing a pressing need for the replacement of didactic instruction 

with more interactive methodology.  

Constructivist features of Geniverse  

As constructivism prescribes that active participation is the key to learning, technology 

creates an engaging environment for the learner to become deeply involved. It seems logical to 

believe that the marriage of technology and constructivism will culminate in sound and in-depth 

knowledge.  

	  

Figure 2.1: Constructivist features of Geniverse, the technology in Genetics. 
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In the following paragraphs I will examine how Geniverse, the genetics software in focus, 

adheres to the tenets of constructivism as depicted in Figure	  2.1: 

1.  Geniverse fosters critical thinking  

  Although virtual environments are envisioned as employing interactive and open-ended 

learning, some of the more often used software simply employs drill and learn methodology.  In 

contrast, Geniverse is interactive which allows critical thinking in terms of how genes are 

responsible for the exhibition of certain traits and diseases, how certain genes are always 

inherited together, trends in linked inheritance, and other critical aspects of genetics. There has 

been a plethora of research that positively correlates technology and higher order thinking. 

According to many constructivist theorists, the process of reflective and critical thinking 

increases meta-cognitive abilities (Kafai et al., 1997; Swain & Pearson, 2001).  

In accordance with many previous studies, Geniverse is designed to foster such critical 

thinking skills among high school students.  Geniverse takes a modular approach to teaching 

genetics. Each module introduces the concepts in a section named “Playground” wherein 

students practice problem solving with built -in scaffolding to steer them in the right direction. 

As the students progress through the “playground” phase, they graduate into the 

“Apprenticeship” where problems get more challenging and the scaffolding is available upon 

requirement. The students finally reach the “Mastery” level where the problems are expected to 

challenge them at a much more complex level. During the course of problem solving, students 

can revisit the playground for any and all kinds of clarifications. The software encourages 

critical thinking from students as they try to achieve the objective of the module. The objective 

of the game is to mix and match alleles in dragons to produce the required characteristic in the 

offspring. These modules help understand cause and effect phenomenon. In other words, “a 
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certain genotype results in a certain phenotype”; this forms the basis for further knowledge in 

genetics. 

2.  Geniverse- based lessons offer immediate feedback 

As the teacher is not the knowledge giver in a technology rich learning environment, an 

immediate feedback from a technology-based lesson would help students to construct 

knowledge in a correct manner. When students work on the paper-pencil version of Dragon 

genetics, they have to wait for the teacher to give them feedback to ascertain if they are 

interpreting the gene combinations accurately. In Geniverse, students work collaboratively and 

make claims about their findings in the field of genetics in their online and in-class journals. 

This way, students receive immediate feedback and thus support the construction of knowledge. 

The software does not let them proceed further into the module if they did not predict the right 

genotype for the observed phenotype. Via technology, students are subjected to structured 

learning and are exposed to the appropriate material based on their existing knowledge level. 

Peck and Dorricott (1994) acknowledge that students who make use of technology obtain 

valuable education inside as well as outside the school and receive feedback on their work by a 

widespread audience. Students also experience the thrill of their online publications with peer 

review; experiencing the feeling of being a journalist could be a very important factor of 

motivation (Shaffer, 2004). 

3.  Geniverse based lessons help concretize abstract concepts 

In line with many studies (Kim, 2006; Sun, Lin & Wang 2009; Tarng et al., 2010) 

genetics is also a difficult-to-demonstrate concept, due to its abstract nature. Geniverse, 

therefore, is expected to help situate the learning in context.  Students learn dragon genetics with 

a paper-pencil based activity, which is essentially identical to working on Punnett square 
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problems. There is no visual component or built- in scaffolding associated with paper- pencil 

versions of genetics labs. As one of my students exclaimed while using Geniverse, “How I wish 

we had this software last year when we were struggling so hard to understand how the dragon 

would look like with dominant or recessive genes for a particular trait”. In this VLE, as the 

students change the gene combination, they are able to see the changes in phenotype on the 

screen. This leads to an added interest in learning about the concept without being burdened 

with an abstract use of letters to depict alleles. Students keep trying the various combinations of 

alleles until they have achieved their target. The problems are challenging yet intriguing for the 

students to be on task for a longer time.  

4.  Geniverse environments support role-playing 

In Geniverse, students are made to understand that the human genes work similar to the 

genes of dragons and the dragons are used as mere model creatures. The rules of inheritance 

apply to humans in a similar fashion. Students role-play as geneticists and figure out the linked 

genes and how they could avoid the undesirable traits in the offspring. The various tasks pertain 

to creating target dragons and to prevent certain genetic diseases in dragons - enforcing higher-

level thinking among students as required by the present-days challenges. 

A researcher has claimed that when students role-play in such epistemic games (Shaffer, 

2004), they understand the intricacies of a profession. This, in turn, is hypothesized to help them 

make decisions about their future careers. Shafer argues that children who have been exposed to 

video games dealing with real professions are more likely to succeed in such professions. For 

instance, SimCity, a game that models the profession of an architect, allows players to create a 

utopia with their imaginations. Shaffer makes the point that players who role-play in such video 

games are likely to choose the premise of the games as future career options.  
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Similarly in Geniverse, student geneticists should recognize the importance of dominant and 

recessive genes and the resulting gene expression.  Geniverse should enhance students’ 

understanding about being a geneticist or comprehending the importance of genetic counseling 

and its significance with certain sex-linked diseases found in the family tree.  

5.  Novelty of Geniverse will aid learning 

Watching science concepts in a three-dimensional virtual reality turns the abstract 

concepts into concrete ones. On one of my visits to the NASA Goddard space flight center in 

Greenbelt, MD with the Fellowship in Math and Science (FIMS), I was trained on 3D virtual 

reality teaching.  Strategically placed projectors created a hologram of Earth, Sun, Moon, 

planets, and various other celestial objects. This kind of technology can help students 

understand the abstract concepts of eclipses, phases of the moon and the theory of plate 

tectonics with little effort.  Students usually have a misconception of the sizes of planets, their 

distances from earth, eclipses etc. Such virtual reality can clarify many similar misconceptions. 

Several researchers (Kim, 2006; Sun, Lin & Wang, 2009) found that students learn and achieve 

better with VLEs, which make the science content meaningful and contextualized.  These kinds 

of technology cannot only situate the concept very well; they can also add an “awe” factor. 

Geniverse will replace the “paper-pencil” version of dragon genetics, which should create a 

sense of anticipation, fun and awe in the students. There is a story line to the entire gaming 

modules. Students get to pick their Avatar either as Scarlet or Strider, which makes it very 

appealing to the young participants. Apart from the feeling of being all-important by using 

technology, students also experience the pleasure of reading a comic book while learning their 

genetics lesson. Students have a liberal access to the Internet to obtain the information needed to 

solve the genetics puzzles. Students will create their own interpretation of the content presented 
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via technology (Jonnasen, 2000) and bring forth interesting solutions for certain genetically 

inherited diseases. Geniverse allows the knowledge to be constructed in a very measured 

manner reminding one of Vygotsky’s ZPD: “The distance between the actual developmental 

level as determined by independent problem solving and the level of potential development as 

determined through problem solving under adult guidance, or in collaboration with more 

capable peers” (Newman, 2009, p-59). 

6.  Geniverse allow self-pacing 

Students can access Geniverse from anywhere and anytime. They can work on the 

modules at their own leisure from home and yet be in collaboration with peers through various 

chat agencies like online journaling, Skype, Google +, Facetime, Go to meeting etc. and can 

send each other the screen shots of the problem or the solution. They can be at their own pace 

but with a set deadline. Each module is given a time limit within which the students need to 

solve the problem. Students learn better as they work in semiprivate and actively engage the 

environment and at their own pace (Underwood & Brown, 1997). Researchers have mentioned 

that students learn with technology by being active participants interacting with the technology 

rather than being taught by the computer (Jonnasen et al., 1999). 

 7.  Geniverse offers student centered collaborative lessons 

The collaborative environment fosters adaptability and sociability of younger learners 

(Pan et al., 2007). A proactive role by the students in the Geniverse activities should lead to a 

better comprehension of the tenets of genetics by being student centered rather than teacher 

centered. While a proactive approach is essential on the part of the learners, the teacher is a 

mere facilitator who must provide a conducive environment for unearthing the wealth of 

knowledge. It might be observed that students will look for teacher guidance, as they are not 
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used to this type of instructional approach. Another important aspect the teacher is tasked with 

is to carefully seed these modules within the curriculum of the class so as to make them most 

effective.  If the teacher manages to be in the background and not assume the role of leader, the 

students should eventually learn to find relevant information as noted by Phillips and 

Schmertzing (2005). Phillips and Schmertzing conducted their study with a ninth grade 

Geography class with 26 participants. They hypothesized that students learn better in a student 

centered and technology enriched classrooms. The study was conducted in a high school in 

Atlanta with abundant technological resources. The data for student motivation and achievement 

were collected through surveys, observations, interviews and student work products. It was 

found that students were very engaged and collaborative throughout the module, while at the 

same time being extremely grade contentious. They mentioned that they would have enjoyed the 

lesson more if only they knew the expectations of the teacher and were somewhat lost without 

the teacher lead. However, the key point of contention is that technology enhances lessons tends 

to be more student centered rather than teacher centered which encourages better student 

learning and motivation.  

Keeping in mind all the positive attributes of a VLE, one would only imagine that 

Geniverse would make a constructive contribution to the field of teaching and learning of 

genetics. It will make the most abstract concept comprehensible by incorporating the 

multimodal feedback to the student. As students work on various problems in the various 

modules of Geniverse they construct and formulate significant connections between the 

genotype, phenotype and meiosis. They comprehend the phenomenon of independent 

assortment during gamete formation. In one of the exercises, the learners need to make a choice 

of which sperm will unite with which egg to form the required target dragon. If the offspring 
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needs to be male, with horns, metallic in color, with only forelimbs and no hind limbs, then they 

need to look at all the sperms and eggs to pick the right combination to result in the target 

offspring.  

In summary, Geniverse is grounded in constructivist theory and adheres to the tenets of 

constructivism like all other Virtual Learning Environments (VLEs). The immediate feedback 

feature of the technology will potentially help students to actively construct new knowledge 

(Hanson & Shelton, 2008). Students are grouped and assigned to learn the concepts of 

dominant, recessive, autosomal inheritance and sex linked inheritance through various modules 

of Geniverse. Students are expected to learn not only to communicate effectively in science, but 

also to understand the process of vetting to reach sound arguments with their group members 

and come to a joint consensus. As the time constraint is laid upon the students to finish the 

modules in a certain time, students should learn to be conscientious about the time and pace 

themselves accordingly. As students engage in a number of thought oriented activities in 

Geniverse they refine their existing schema of laws of inheritance and independent assortment 

and add the new information to expand the schema. It would be only fair to teach students with 

the much needed 21st century skills of technology in order to support them in their future work 

places (Dede, 2007). 

With all the constructivist attributes of instructional tools, can the said software or paper- 

pencil Dragon Genetics activity help students to construct meaningful genetics knowledge and 

thereby enhance achievement scores? Will either of the teaching tools make a difference in the 

Self-Efficacy of students in terms of science and computers? By using student centered teaching 

and learning methodologies can we induce Career Goal Aspirations towards science and its 

affiliated fields? These are some of the questions this research is geared to answer. 
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CHAPTER 3: METHODOLOGY 

 

Research Design 

 The core purpose of this research is to evaluate and compare the effectiveness of two 

constructivist approaches to teaching genetics in aiding student learning and nurturing science 

aptitude. The study involved teaching genetics using Geniverse (GV) software and Dragon 

Genetics (DG), a pencil and paper genetics activity along with traditional curriculum in urban 

school settings and measuring achievement scores, as measured by a genetics content test, and 

attitudes, as reflected in Self-Efficacy and Career Goal Aspirations survey. The study 

incorporated a quasi-experimental design due to the difficulty associated with random 

assignment of students in urban classroom settings.  

The research design is shown in Table	  3.1 and Table	  3.2 below. 
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Table 3.1: Research set up with Paper-pencil Dragon Genetics (DG) 
 
 

Schools Pre-treatment Intervention Post-treatment 

School A (AYP) 

School B (AYP) 

School C (Non-AYP) 

School D (Non-AYP) 

 

1. Genetics Content 

Knowledge Test 

2. Test of Science 

Related Attitudes 

(TOSRA) and Self- 

Efficacy in 

Technology and 

Science (SETS) sub-

scales survey. 

 

Paper pencil 

version of 

Dragon Genetics, 

Traditional lab 

activities, 

concepts review 

worksheets. 

 

1. Genetics Content 

Knowledge Test  

2. Test of Science 

Related Attitudes 

(TOSRA) and Self- 

Efficacy in Technology 

and Science (SETS) 

sub-scales survey. 
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Table 3.2: Research set up with Geniverse (GV) 
 
 
Schools Pre-treatment Intervention Post-treatment 

School A (AYP) 

School B (AYP) 

School C (Non-

AYP) 

School D (Non-

AYP) 

1. Genetics Content 

Knowledge Test 

2. Test of Science 

Related Attitudes 

(TOSRA) and Self -

Efficacy in Technology 

and Science (SETS) 

sub-scales survey 

Implementation of 

Geniverse, a 

Virtual Learning 

Environment. 

1. Genetics Content 

Knowledge Test 

2. Test of Science 

Related Attitudes 

(TOSRA) and Self -

Efficacy in 

Technology and 

Science (SETS) sub-

scales survey 

 

Methodology 

The research methodology entailed:  

1. Selecting schools with equivalent student populations  

2. Verifying and assuring minimum teacher qualifications  

3. Professional development for the teachers 

4. Obtaining permission from concerned people/organization(s) 

5. Experiment: 
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• Administration of pre-survey to measure student attitudes of Self-Efficacy and 

Career Goal Aspirations. 

• Administration of Pretest for genetics content 

• Exposing experimental students to Geniverse software and comparison group 

students to paper-pencil version of dragon genetics in underachieving and 

adequately achieving schools. 

• Measuring student Self-Efficacy and Career Goal Aspirations through post-survey 

• Administration of posttest for genetics content. 

• Administration of interview protocol 

• Data collection and analysis 

I.  Selecting schools with equivalent student populations 

Participants 

Four urban high schools were chosen for the study; two of the four high schools were 

underachieving as measured by lack of adequate yearly progress (AYP) while the remaining two 

were meeting the State standards by attaining AYP. The decision to use both achieving and 

under-achieving schools was based on previous research that had shown that at-risk-students 

perform especially well with the inclusion of technology (Crozma & Croninger, 1992; Dede, 

2004).  

II.  Verifying and assuring minimum teacher qualification  

Teachers participating in the research will be referred to as teacher participants and 

students will be referred to as student participants. Teacher participants were highly qualified in 

accordance of Pennsylvania State requirement of certification and licensing. 

Teacher A – Masters degree holder and certified in Biology and General Science  
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Teacher B – Double Ph.D holder, certified in Biology, Physics and Chemistry 

Teacher C – Masters degree holder, certified in Biology 

Teacher D – Masters degree holder, certified in Biology 

Teachers A & B were from AYP schools and teachers C & D were from Non-AYP schools. 

III.  Professional development for teachers 

Owing to Geniverse software’s novelty prior to its release to the public, the teacher 

participants in the experimental group attended four hours of professional development, which 

was conducted by me prior to teaching the ‘genetics’ unit. Consenting teachers also requested 

and attended professional development after school as and when needed. They were given prior 

access to the software for familiarization with technology and lesson plans preparation. Three 

out of four teachers thought it would help to prepare scaffolding worksheets for the software.  

Continued support was offered and provided to the teacher participants either via email or 

telephonic conversation. All teachers were a part of group chainmail and there was continuous 

back and forth exchange of ideas regarding the implementation of various modules of 

Geniverse. They shared their scaffolding worksheets and supported each other efficiently. The 

Principal Investigator (PI) from Concord Consortium provided the Back-End support for the 

software. The coordinator and the PI from Concord Consortium supported me in comprehending 

the software so that I could in turn provide turnaround professional development to my 

participant teachers. Also, the PI and her team promised to support us in an eventuality of 

technology failure. The Geniverse project coordinator created the logins and passwords for each 

experimental class. The Concord Consortium team was just an email away if help was needed in 

implementing the technology-based instruction. 
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The Dragon Genetics activity group of teachers did not receive any professional 

development as they had implemented it previously. However, just as a precautionary measure 

all teachers were given the key to the answers pertaining to questions on the activity.  

IV.  Obtaining permission from concerned people/organization(s) 

• IRB, Temple University 

• School district  

• Principal and subject teachers 

• Parents of the participating students 

           Permissions were sought from Institutional Review Boards of Temple University and the 

School District of Philadelphia. After obtaining clearance from both the institutions, Principals 

of the participating schools were sent an official request to support my research. After clearing it 

with heads of the institutions, parents of the consenting minors, student participants, were 

requested to sign a consent form before the implementation of Geniverse (Appendix A). Students 

who did not wish to participate in the study or bring back signed consent forms were excluded 

from the data pool and not used for research purposes. 

V.  Experiment 

Duration of implementation of genetics unit: Duration for learning Mendelian genetics 

was kept constant for both the groups. Even though the dragon genetics activity was completed 

in 4 days, remaining part of duration was utilized for bookwork like question answers, multiple 

choice questions, definitions, fill in the blanks etc. In order to avoid obfuscation by factors like 

absence of schema for a concept to be taught, the research was conducted according to the 

planning and scheduling timeline of the School District. This ensured that the students had 
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adequate prior knowledge to face the curriculum with no untoward challenges of inadequate 

background information.  

Materials 

The concepts of similarities and differences among organisms and their genetic basis are 

very intriguing. It has been a common knowledge that chimps are closely related to human 

beings and the basis of such an assumption stems out of gene sequence. There is about 96% 

similarity between human and chimp genome. The National Human Genome Research Institute 

(NHGRI) claims that cats have 90% similarity to human genome and mice have about 75% 

similarity; 99% of mouse genes have analogues in human genes. Both Geniverse and Dragon 

genetics mimic this real life situation and use drakes as a model animal. Even though drakes are 

mythical creatures, the drake genes are similar to the Anola Lizard, thus not far from reality.  

Comparison group genetics: Experimental group teachers were also teachers for the 

comparison groups. This helped in reducing the teacher variability factor as a possible source of 

uncontrolled variance. 

‘Dragon investigation’ (Waldron & Doherty, 2010) is a popular paper-pencil based 

activity among District teachers, which uses dragons as the organisms of interest to teach 

genetics. This investigation mimics chromosomes with Popsicle sticks and the activity is very 

similar to the technology-based instructional tool used with the experimental group.  I used this 

activity to keep the two groups on par in terms of similar activities, one was paper-pencil based 

and the other was technology enhanced learning tool. In fact one can see many similarities in the 

way chromosomes, alleles and genes are depicted in paper-pencil dragons versus Geniverse. 

They are very comparable in terms of knowledge. The activity is very constructivist in nature in 

terms of student collaboration, student-centered, hands-on, structured, problem solving etc. The 
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dragon genetics reinforced the concepts like independent assortment, linkage, dominant and 

recessive traits etc. analogous to concepts in Geniverse.  

Dragon genetics does not adhere to tenets of constructivism in the following ways and therefore 

will be considered a semi-constructivist tool: 

• No immediate feedback is offered in Dragon Genetics activity and students have to wait 

for their teacher to pronounce them successful or otherwise. 

• Students collaborate within their groups of 3-4 students in Dragon genetics; thus, the 

knowledge gained is dependent on the group’s ability to support each other.  

• Students working on the paper-pencil activity do not experience any fun or awe element 

with the activity. 

• The students working on Dragon Genetics have to complete their task in the time allotted; 

thus, self-pacing is not facilitated. 

• Students working with the paper-pencil activity try to comprehend the phenotypes 

exhibited by various genotypes and role-playing is not supported, which is a very 

important feature for the motivation of students. 

The comparison sample was administered the survey with Self-Efficacy and Career Goal 

Aspirations items before and after the unit was taught. It has been revealed by prior research that 

students with higher science Self-Efficacy are more likely to choose science as their career 

option (Lent & Hackett, 1987; Pajares, 2003).  In addition, students with higher science Self-

Efficacy are more likely to have better academic scores (Bandura, 1997). 

 Experimental Group Genetics: The experimental group students learned the unit of 

genetics through the NSF funded Virtual Learning Environment (VLE) called “Geniverse”. The 

students were asked to go through the modules with the least amount of teacher intervention. The 
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teachers acted as facilitators and intervened only upon student request. All teachers implemented 

the unit in approximately the same amount of time. The amount of time required to cover the 

required syllabus in genetics via Geniverse was approximately the same as the time allotted by 

the District. However, the unit took longer than expected due to technological glitches the classes 

came across during implementation. The experimental groups were also given attitudinal surveys 

before and after implementation of Geniverse for Self-Efficacy and Career Goal Aspirations 

Geniverse is genetics based VLE funded by the National Science Foundation (Grant No. 

DRL-0733264.). This technology-based instructional tool was used for teaching and learning 

Meiosis and Mendelian genetics as a treatment in the experimental schools as mentioned above. 

In a typical traditional high school biology class students use Punnett squares (a diagram to 

predict the outcomes of a particular trait) to make sense of inheritance.  This educational 

resource, however, is not adequate to teach 21st century biology since the knowledge of genetics 

has changed dramatically in recent years. It is essential for children to know about 

codominance, incomplete dominance, multiple allelelic, polygenic inheritances and sex linked 

inheritances etc. to make ethical and informed decisions in the future. Geniverse is designed to 

demonstrate these concepts in a gaming way.  

The software uses mythical creatures -‘the dragons’- as a focal point for the genetics unit. 

The software leads children through a fantastical and mythical world but at the same time it 

does not let students lose focus from the main objective of the software i.e. to provide genetics 

knowledge. The story line is built around how a young person wishes to find a treatment for an 

ailing dragon and how he/she sets out to find a cure for the mysterious disease by using drakes, 

the model organisms for dragons. Students assume the avatar of Scarlet or Strider (two cartoon 

characters) to assist a dragon, which is wounded and sick. The entire journey of finding out the 
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dragon genome and its associated background information is given to students in seventeen 

modules ( 

Figure	  3.1). They find out how drake genes interact and exhibit. During the modules, 

students are expected to develop a keen sense of observation, interpret data, draw conclusions, 

and carry forward learned knowledge to interpret further scenarios. Students are engaged in 

authentic situations and should develop sound argumentation skills ( 

Figure	  3.2). In the present study, students were encouraged to type-in their thought 

process while solving the problem on a notepad. They also had to post to in -class journals ( 

Figure	  3.4) and finally publish in the Journal of Drake Genetics ( 

Figure	  3.6). One of the motivating features was the ‘stars’; students got awarded stars for 

solving a problem in a minimum number of moves. More stars were awarded for solving the 

problem in fewer moves, a feature that discouraged the students from random clicking. After 

they mastered all the concepts by traversing through the modules they would finally find the 

cure for dragon disease. Below are some screen shots of the software: 
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Figure 3.1: Geniverse depicting the modules. (c) 2013. The Concord Consortium, Inc. 
http://concord.org. Used with permission 

 
 

	  

 

Figure 3.2: A Geniverse challenge with instructions (c) 2013. The Concord Consortium, 
Inc. http://concord.org. Used with permission. 
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Figure 3.4: Making journal entries (c) 2013. The Concord Consortium, Inc. 
http://concord.org. Used with permission. 

 
 
 

	  

 

Figure 3.6: Posting to Journal of Drake Genetics (c) 2013. The Concord Consortium, Inc. 
http://concord.org. Used with permission. 

 
 

The seventeen Geniverse modules were implemented in three weeks. Three out of four 

teachers could only attempt 15 modules of the 17 available owing to time shortage. The district 
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teachers were under pressure to complete their syllabus so that the students could successfully 

take the Keystones, the State Standard Exams. The fourth teacher could only complete 10 

modules as the school was ridden with typical urban issues of absenteeism, disruptive behavior, 

student mobility, teen-pregnancies, drugs etc.  

In summary, the design was such that the students in the control group learned the unit 

of genetics in a traditional way with teacher-driven class lectures, worksheets etc. which were 

reinforced by the paper-pencil version of dragon genetics. In contrast, the instruction in the 

experimental groups was more student-driven as they learned genetics via Geniverse, a 

technology-based instructional tool. 

Even though the control group paper-pencil version of dragon activity took a shorter time 

than Geniverse, they both emphasized the same concepts but through different modalities.  Also, 

the control group was supported by various other activities that the curriculum prescribed such 

as labs and the concept review worksheets. Hence, both classes were considered equal in terms 

of content taught. Research with technology in classrooms in the past has produced many 

positive results. If students found Geniverse very interesting, challenging, a change from usual, 

and fun, among many other features after implementation, then it would be the right time to find 

out if there were any changes in the student Career Goal Aspirations and Science or Technology 

Self-Efficacy.   

Instruments for Data Collection 

Genetics content test: 

Content knowledge of genetics through Geniverse or dragon genetics was gathered 

through a multiple-choice test that was given before and after the genetics unit. The test items 

were chosen from the Holt test generator CD, the process used across the board in the School 
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District. All multiple-choice questions from the chapters of Meiosis and Mendelian genetics 

were chosen to assure that students performed well on all types of genetics test whether it is 

teacher made or standardized test. The test items were not tailored to either traditional 

curriculum with dragon genetics or Geniverse to observe the efficacy of the teaching tool with 

the district-mandated curriculum.  On careful analysis of questions, it was revealed that most of 

questions conformed to the Geniverse curriculum and only 13/54 were more clearly aligned to 

only the Holt Biology textbook. However, it was noticed that the non-aligned questions were 

geared towards general knowledge, for example: 

  Q: The chromosomes in your body ______________. 
 

a. exist in 23 pairs in all cells but gametes. 
b. each contain thousands of genes. 
c. form right before cells divide. 
d. All of the above 

 

However, none of the questions were doctored to match the Geniverse curriculum. It 

should also be noted that students were expected to transfer the knowledge learned through 

Geniverse to more general scenarios. For example they had learned about ‘Codominance’ using 

dragon ‘colors’ but on the test they had to apply the same concept to blood groups. Therefore, 

students who learned with Dragon Genetics (comparison classes) as a reinforcement activity 

were at an advantage in terms of knowledge meted out to them in that they were familiar with the 

textbook contents.  

The test contained 54-items (see Appendix B) at various levels of Bloom’s taxonomy, i.e. 

knowledge, comprehension, application, analysis, synthesis and evaluation. Subject experts 

scrutinized the test for the presence of appropriate test items as mandated by the PA state 
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standards (available online) and found that the questions tested students on the above mentioned 

different levels.  

Surveys 

Self-Efficacy and Career Goal Aspirations was measured through subscales of the Test of 

Science Related Attitudes (TOSRA) and Self- Efficacy in Technology and Science (SETS)  

(see Appendix C). 

TOSRA: The Test of Science Related Attitudes is a survey instrument developed by Fraser 

(1978). The test contains seven sub-scales: social implications of science, normality of scientists, 

attitude toward scientific inquiry, adoption of scientific attitudes, enjoyment of science lessons, 

leisure interest in science, and career interest in science. The survey uses a five-point Likert scale 

(strongly disagree-1 to strongly agree-5). Out of the seven scales only the sub-scale of ‘Career 

interest in science’ was used for this study, as that was the only attitudinal variable applicable to 

this study. 

The test-retest reliability of the ‘Career interest in Science’ sub-scale was found to be .84 

and discriminant validity for the subscale was found by the inter-correlations among TOSRA 

scales. It was found that the items were indeed not correlated (all correlations ranged between 

.14 -.40) and measured what they were expected to measure. 

SETS: The SETS is a survey instrument to measure student’s Self-Efficacy in science inquiry 

and computer games. The internal consistency reliability on science inquiry is .90 according to 

Ketelhut (2005). Internal consistency reliability for Self-Efficacy in general computer usage was 

found to be  .81. Content validity was established by obtaining expert opinion and construct 

validity was confirmed by correlating the student scores on individual sections to demographics. 

These data indicated that the sections indeed measured what they are expected to measure. 
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The survey instrument consists of 27 items based on a Likert scale carefully chosen from 

subscales of SETS and TOSRA survey instruments as the other constructs from the surveys were 

not found to be appropriate for measuring the variables chosen for this study. Demographic 

information (gender, ethnicity, familiarity with computers and computer games to the students) 

was also collected along with the other survey items. 

Interview protocol 

Interviews were conducted for participant teachers and students from both experimental 

and control groups (see Appendix G for teacher interviews) to obtain a feedback on the general 

feeling with the implementation of Geniverse and also to ensure that Geniverse and dragon 

genetics were implemented with fidelity as a constructivist tools to teach the genetics unit. 

Data Collection and Analyses 

Before the genetics unit, all students were subjected to pre and posttest for content and 

pre and post-survey for Science Self-Efficacy, Technology Self-Efficacy and Career Goals 

Aspirations. Analyses were performed using SPSS statistical software. As all the measures were 

collected pre and post implementation of genetics unit, consequently, correlations, t-tests and 

repeated measures ANOVA were performed to find out if there were any significant changes in 

favor of using either Dragon Genetics or Geniverse as an instructional tool. 

Data available for analysis are presented in Appendix E. 
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CHAPTER 4:  RESULTS 

Overview of the Chapter 

This chapter will be presented in four sections. Section I will present descriptive data on 

the schools used for the research as well as data on the students who participated as subjects. 

Section II will present the analyses used to answer the major research questions. Section III will 

present some additional analyses that are used to extend and elaborate the findings for the major 

research questions. Finally, Section IV will present a summary of the results. 

I. Setting for the research 

Four urban schools were chosen from a large school district in the Mid-Atlantic region. 

Two schools met the criteria for Adequate Yearly Progress (AYP) and two did not. Letters refer 

to four schools for anonymity purposes. The school profiles are displayed below: 

Table4.1: School Profiles 
 

Schools 

Sample 
Size 
(n) 

Ethnicity (%) 
 % %  %  

PSSA (% of 
Proficient or 
Advanced) 
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A (AYP) 94 65.4 11.0 14.0 7.3 1.0 0.0 74.3 10.7 3.9 73.6 57.5 

B (AYP) 24 77.9 7.2 9.8 2.8 0.4 1.9 62.3 2.9 2.8 88.8 86.8 
C (Non-
AYP) 82 27.1 11.6 14.8 44.7 0.2 1.5 61.2 18.5 10.9 55.5 41.5 
D (Non-
AYP) 83 37.2 21.1 5.0 33.9 0.2 2.6 76.2 22.2 5.3 25.1 17.9 
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The profiles presented in Table4.1 for the four schools have been obtained from the 

school district website. All four schools have student populations primarily from economically 

disadvantaged backgrounds; the two AYP and Non-AYP schools have similar student 

populations in terms of racial profile.  

Participant teachers: Three out of four teachers were experienced with at least 10 years 

of teaching experience in the District. The fourth teacher was fairly new but was ably supported 

by a veteran science teacher in the building. All teachers had at least one master level degree 

towards qualifications and were considered highly qualified according to NCLB standards. 

Teachers were given access to the software at least three months in advance to familiarize 

themselves. Three out of four teachers created a number of scaffolding worksheets for each 

module of Geniverse.  

Sample size: I had a sample size of 283 students; 118 students were from AYP schools 

and 165 from Non-AYP schools. There was major attrition of sample size either due to student 

mobility or chronic absenteeism (this factor was corroborated by the classroom teachers).   

A majority of students spoke English at home as their primary language (Table 4.2); thus 

the sample size has been categorized as either English speaker or Non-English speaker for the 

language variable. 

Table 4.2: Language Categories 
 

Languages Total 
Sample 

AYP 
Schools 

Non-AYP 
Schools 

English Speakers 193 98 95 
Non-English Speakers 43 12 31 

Missing 47 8 39 
Total  283 118 165 
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Summary of the measuring instruments 

The gains in genetics content were measured with 54 multiple-choice questions and 

change in student attitudes with an attitudinal survey of 27 items. The survey consisted of items 

to measure the changes in science Self-Efficacy, technology efficacy and Career Goal 

Aspirations. The Holt test generator, a popular test building tool in the district, generated the 

genetics content test. The reported scores are the sum of raw scores for all correct answers. The 

Holt generated test was not altered to complement the Geniverse curriculum in order to assess 

the efficacy of the software in real world situations. Students who followed the genetics 

curriculum via Geniverse were at disadvantage in terms of procuring factual knowledge from the 

Holt textbook in comparison to students who learned via the Holt textbook and the dragon 

genetics activity. Thus, a secondary analysis was performed to observe the efficacy of the 

software by excluding the thirteen non-aligned items. 

 The survey given out to observe the attitudinal changes in students had subscales chosen 

from SETS and TOSRA. It consisted of items for three categories: 12 items in science Self-

Efficacy, 5 items in technology efficacy and 10 items in Career Goal Aspirations (see Appendix 

C). The students responded using a Likert scale of 1-5 with 1 being the least and 5 the most. The 

reported scores are an average of per item mean. 
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II. Major Research Questions 

Q1.  Will a technology-based instruction in a genetics classroom improve achievement scores 

as compared to a traditional instructional approach? 

Q2: Will Geniverse impact students from AYP schools and Non-AYP schools to the same 

extent? 

Overview of the Data Analysis Strategy 

For a data set with pretests and posttests there are two choices available to analyze the 

data. If there are no differences at the pretest scores, then either a repeated measures ANOVA or 

an analysis of covariance are possible.  For a repeated measures ANOVA, the critical term is the 

interaction between pretest/posttest and technology. That is, if Geniverse has an effect on 

genetics knowledge, then students in the treatment group should increase their knowledge at a 

significantly greater rate than students in the comparison group. But, if there are significant 

differences at the pretest level, then the only analysis possible is an analysis of covariance. For 

all of the analyses involving pretests and posttests, these two options will be followed. 

Additionally, current practice for statistical analysis requires that all significant effects be 

accompanied by an effect size measure. In SPSS ANOVA-based analyses, this is reported as the 

partial eta squared. The common benchmarks for this statistic, following the terminology 

established by Cohen (1968), are: 

.02 to .05 - Small 

.051 to .080 - Medium 

.081 and above - Large 
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Genetics Content Knowledge: The multiple-choice questions for the content test were 

generated from Holt Test generator.  The two items with negative item to total correlations were 

removed and Cronbach’s alpha for the test items was found to be .794. The means and standard 

deviations for genetics knowledge are presented in Table4.3. A preliminary analysis using t-tests 

(Table 4.4) for genetics content indicated that there was a significant difference at the pretest 

between the means for technology and the means for no-technology. As the pretest scores of the 

groups significantly differed from each other, analysis of covariance was conducted using pretest 

scores as the covariate. These results are presented in Table 4.5. For completeness, the repeated 

measures ANOVA was also computed with these results reported in Table 4.6.  

Table4.3: Means and Standard Deviations for Genetics Knowledge 
 
 
 

 

 

 

 

 

As an additional analysis, the difference between the pretest and the posttest for each 

school was tested by paired samples t-tests. These results are presented in Table 4.4. 

 
 

 

Tech AYP N Mean 
Pretest 

Mean 
Posttest 

Std. 
Deviation 
Pretest 

Std. 
Deviation 
Posttest 

AYP 76 22 30.9 7.4 7.5 
Non-
AYP 71 16.6 19.9 6.6 7.9 Technology 

Total 147 19.4 25.6 7.5 9.5 
AYP 29 19.7 27.6 6.6 7.8 
Non-
AYP 33 14.9 16.9 4.7 6.4 Non 

Technology 
Total 62 17.1 21.9 6.1 8.8 
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Table 4.4: Paired samples t-statistic for genetics content knowledge. 
 
 

Categories Genetics content 
  Pretest Posttest t Sig. 

Geniverse 
(AYP) 
n = 76 

20.04 30.93 10.065 0 

Geniverse 
(Non-AYP) 

n = 71 

16.59 19.9 3.945 0 

Traditional 
(AYP) 
n = 29 

19.66 27.55 4.178 0 

Traditional 
(Non-AYP) 

n = 33 

14.91 16.85 1.77 0.086 

 
 
 
Table 4.5: Analysis of Covariance Results for Genetics Knowledge 
 
 

Source df Mean Square F Sig. 
Partial 
Eta 
Squared 

Tech 1 216.329 4.587 .033 .022 

AYP 1 2759.009 58.508 .000 .223 

Tech * AYP 1 .003 .001 .999 .000 
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 Table 4.6: Repeated Measures Results for Genetics Knowledge 
 

Source df Mean Square F Sig. Partial Eta 
Squared 

Between Subjects 

Tech 1 599.249 8.389 0.004 0.039 

AYP 1 5539.215 77.542 0.00 0.274 

Tech * AYP 1 5.78 0.081 0.776 0.000 

Within Subjects 

Pre-Post 1 2639.33 89.292 .000 .303 

Pre-Post * Tech 1 30.483 1.031 .311 .005 

Pre-Post * AYP 1 723.792 24.487 .000 .107 

Pre-Post * AYP * 
TECH 1 .753 .025 .873 .000 

 
As shown in Table	  4.5 there is a significant main effect for technology (mean for 

Geniverse is 22.367; mean for non-Geniverse is 19.741), and for AYP (mean for AYP = 25.045; 

mean for Non-AYP = 17.063). The results presented in Table	  4.6 are consistent with the 

ANCOVA results while also demonstrating a significant main effect for Pre-Post (Pre = 18.299; 

post = 23.809) and a significant interaction between pre-post and AYP. The interaction is 

depicted in Figure 4.1. 
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Figure 4.1: Interaction of Pre-Posttest scores and AYP 

 
Summarizing the results for Research Questions # 1 and # 2: 

• Students, in general, increase their scores from pretest to posttest; the effect is large; 

• The students being instructed by Geniverse have higher scores than the students being 

instructed in the traditional manner; the effect, however, is small. Moreover, this effect 

only minimally demonstrates the effectiveness of Geniverse since students in the 

experimental group started out at a higher level and ended at a higher level. As 

mentioned above, for the repeated measures ANOVA, the effectiveness of Geniverse 

would be demonstrated by a significant interaction, which did not occur. The ANCOVA, 

however, shows that even when the initial differences are removed, students taught by 
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Geniverse have a slight advantage over students taught by the more conventional 

method.  

• Students in the AYP schools are performing at a higher level than students in the Non-

AYP schools; the effect is large; 

• Students in the AYP schools increase their scores from the pretest to the posttest at a 

higher rate than students in the Non-AYP schools; the effect is large.   

• The scores obtained by the students in genetics content test by technology group are 

noteworthy from a research point of view; however, practical relevance was not found. 

Improvements in genetics content scores are barely noteworthy as they were below the 

passing score. 

 

Q3:  Do technology-based instructions have an impact on Science	  and	  Technology	  Self-‐

Efficacy and Career Goal Aspirations? 

Science and Technology Self-Efficacy 

Preliminary analyses were conducted by using a t-test and the results are depicted in 

Table	  4.7 and Table	  4.9. The results of the paired samples t-tests suggested that Geniverse made 

a significant impact on the science and technology efficacies of students from Non-AYP schools; 

however, the students from AYP schools were not affected by mode of instruction in any of the 

researched attitudinal factors. About 35 out of 57 in on the AYP group of students increased their 

Science Self-Efficacy, 4 stayed the same and 18 decreased. On the other hand, Technology 

inclusion in Non-AYP classes increased Technology Self-Efficacy in 30 students, 3 remained at 

the same level and 24 dropped (Table	  4.8).   
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An initial analysis showed that the groups did not differ on any of the variables for this 

question at the baseline level. Therefore, the results will be reported as repeated measures 

ANOVAs. Table 4.10 contains the pre and post-survey means and standard deviations for 

science Self-Efficacy by AYP and Technology. The results of the repeated measures ANOVA 

are contained in Table	  4.11.   

Table 4.7: Paired samples t-statistics for attitudinal factors of Science and Technology 
Self-Efficacy. 
 
 
Categories Science Self-Efficacy Technology Self-Efficacy 
  Pre-

survey 
Mean 

Post-
survey 
Mean 

t Sig. Pre-
survey 
Mean 

Post-
survey 
Mean 

t Sig. 

Geniverse 
(AYP) 
n = 75 

3.21 3.23 0.301 0.764 2.936 2.931 0.073 0.942 

Geniverse 
(Non-AYP) 
n = 56 

3.07 3.27 2.7 0.009 2.898 3.114 2.147 0.036 

Traditional 
(AYP ) 
n = 27 

3.107 3.070 .454 .653 2.807 2.852 .344 .733 

Traditional 
(Non-AYP) 
n = 25 

2.888 2.828 .301 .764 2.912 3.040 .073 .942 

 

Table 4.8: Number of students who made attitudinal change in Science and Technology 
Self-Efficacy in Non-AYP Geniverse group. 
 
 

Science	  Self-‐Efficacy	  
	   Increased	   Stayed	  same	   Decreased	  
NON-‐AYP	  
Geniverse	  group	   35	   4	   18	  

Technology	  Self-‐Efficacy	  
Non-‐AYP	  
Geniverse	  group	   30	   3	   24	  
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Table 4.9: Paired samples t statistics for attitudinal factors of carrier goal aspirations. 
 
 
Categories Career goals aspirations 
  Pre-

survey 
Mean 

Post-
survey 
Mean 

t Sig. 

Geniverse 
(AYP) 
n= 75 

2.652 2.62 0.383 0.703 

Geniverse 
(Non-
AYP) 
n = 57 

2.634 2.78 1.425 0.16 

Traditional 
(AYP) 
n = 27 

2.615 2.774 1.275 .213 

Traditional 
(Non-
AYP) 
n = 25 

2.468 2.668 .383 .703 
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Table 4.10: Means and Standard Deviations for Science Self-Efficacy 
 

	  
 

 

 

 

 

 

 

 

Table 4.11: ANOVA Results for Science Self-Efficacy 
 
 

Source df Mean 
Square F Sig. Partial Eta 

Squared 

Between Subjects 

Tech 1 3.116 11.443 .001 .070 

AYP 1 .418 1.537 .217 .010 

Tech * AYP 1 .361 1.327 .251 .009 

Within Subjects 

Pre-Post 1 .009 .000 .997 .000 
Pre-Post * 
Tech 1 .784 4.733 .031 .030 

Pre-Post * 
AYP 1 .002 .012 .915 .000 

Pre-Post * 
AYP * TECH 1 .508 3.066 .082 .020 

 
 

The results in Table	  4.11 indicate that there is a significant main effect for Technology 

(Geniverse = 3.213; Dragon Genetics = 2.986) with a medium effect size, and a significant 

Tech AYP N 
Mean 
Pre-Sci-
Eff 

Mean 
post-
Sci-eff 

Std. 
Deviation 
Pre-Sci-
Eff 

Std. 
Deviation 
Post-Sci-
Eff 

AYP 67 3.207 3.224 0.399 0.3885 
Non-
AYP 46 3.104 3.315 0.5228 0.4737 Technology 

Total 113 3.165 3.261 0.4541 0.4256 
AYP 25 3.08 3.052 0.3753 0.4214 
Non-
AYP 18 3.006 2.806 0.6812 0.6932 Non-

Technology 
Total 43 3.049 2.949 0.5193 0.5578 
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interaction between pre-post and technology with a small effect size. The interaction is depicted 

in Figure	  4.	  2. 

 

	  
Figure 4. 2: Interaction of Pre-Post and Technology on Science Self-Efficacy 

As depicted in Figure	  4.	  2, the students using Geniverse increased in science Self-

Efficacy from pretest to posttest, while the students using the traditional instructional method 

decreased. To capture a better picture of the observed the significance numbers of students who 

increased, stayed the same or decreased are depicted below in Table	  4.12. 
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Table 4.12: Change in student attitude in science Self-Efficacy in Geniverse Vs. non-
Geniverse groups. 
 
 

	   Increased	   Stayed	  the	  Same	   Decreased	  

Geniverse	   60	   15	   38	  

Non-‐Geniverse	   19	   1	   23	  
 

A similar analysis was performed for technology Self-Efficacy. None of the main effects 

or interactions was significant.  

Career-Goal Aspirations 

The pretest and posttest means and standard deviations for Career-Goal Aspirations are 

contained in Table 4.13. The repeated measures ANOVA results are contain in 
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Table 4.14. 

Table 4.13: Means and Standard Deviations for Career Goal Aspirations 
 
 

Tech AYP N Mean Pre-
Career 

Mean 
post-
Career 

Std. 
Deviation 
Pre-Career 

Std. 
Deviation 
Post-
Career 

AYP 67 2.660 2.667 .5182 .5626 
Non-
AYP 45 2.629 2.818 .6992 .6224 Technology 

Total 113 2.647 2.728 .5947 .5893 
AYP 25 2.580 2.752 .5838 .6862 
Non-
AYP 18 2.361 2.683 .6617 .5823 

Non-
Technology 

Total 43 2.488 2.723 .6196 .6384 
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Table 4.14: Repeated measures ANOVA Results for Career Goal Aspirations 
 
 

Source df Mean 
Square F Sig. Partial Eta 

Squared 
Between Subjects 

Tech 1 .594 1.280 .260 .008 

AYP 1 .106 .229 .633 .002 

Tech * AYP 1 .625 1.348 .248 .009 

Within Subjects 

Pre-Post 1 1.797 6.818 .010 .043 

Pre-Post * Tech 1 .334 1.268 .262 .008 

Pre-Post * AYP 1 .414 1.572 .212 .010 
Pre-Post * AYP 
* TECH 1 .004 .014 .906 .000 

 
As shown in 
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Table	  4.14, the only significant effect is the main effect for pre-survey to post-survey (pre-

survey mean = 2.557; post-survey mean = 2.730). The effect is medium. Thus, students in 

general increase their Career Goal Aspirations from pretest to posttest regardless of the method 

of instruction and type of school. 

III. Additional Analyses  

A. Hard questions with degree of difficulty II:	  The content-based multiple-choice test 

had two types of questions with two degrees of difficulty. The internal consistency for these hard 

items was found to .562, which could be considered as a limitation to the study. The questions 

with degree of difficulty II are considered to be harder ( 

Table	  4.16). After comparing the pre and posttest scores with a t-test (Table 4.19), I took 

out the scores of harder questions with degree of difficulty II and analyzed them further with 

repeated measures ANOVA (Table 4.20). The questions were based on the following themes: 

 
Table 4.16: List of Hard Questions 
 
 
Question numbers Description of the concept 

6 Number of chromosomes in human gametes. 

12 Effect of non-disjunction of chromosomes during meiosis. 

15 Crossing over phenomenon. 

16  Process of crossing over 

26 Homozygous: heterozygous:: Probability: predicting chances 

29-32 Prediction of offsprings using the concept of dominant and recessive 

traits by the use of punnett squares. 
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33-36 Inheritance of dominant and recessive traits. 

37 – 39 Ratio of offsprings in a cross between homozygous dominant X 

heterozygous monohybrid cross, heterozygous X heterozygous, 

homozygous dominant X heterozygous. 

41 & 42 Probability based predictions. 

46 Multiple Allelic Inheritances. 

47 and 48 Traits controlled by co-dominant alleles 

 54 Gene technology. 
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Table 4.16: Means and Standard Deviations for Hard Questions 
 
 

Tech AYP N Mean 
Pretest 

Mean 
posttest 

Std. 
Deviation 
Pretest 

Std. 
Deviation 
Posttest 

AYP 71 7.48 11.08 3.443 3.363 
Non-AYP 51 5.43 7.16 3.015 2.679 Technology 
Total 122 6.62 9.44 3.412 3.646 
AYP 26 6.96 10.77 2.63 3.525 
Non-AYP 22 5.55 6.09 3.687 3.435 No technology 
Total 48 6.31 8.63 3.203 4.175 

 
 
Table 4.19: Separate samples t-Statistic for hard questions 
 
 
Categories Hard questions 
  Pretest 

Mean 
Posttest 
Mean 

t Sig. 

Geniverse  
(AYP) 
n = 72 

7.38 11.11 6.906 0.000 

Geniverse  
(Non-AYP) 
 n = 71 

5.39 6.93 3.751 0.000 

Traditional  
(AYP) 
n = 26 

6.96 10.77 4.725 0.000 

Traditional  
(Non-AYP) 
n = 29 

5.24 5.69 .501 .621 
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Table 4.20: ANOVA Results for hard Questions 
 
 

Source df Mean 
Square F Sig. Partial Eta 

Squared 

Between Subjects 

Tech 1 13.538 1.102 .295 .007 

AYP 1 619.318 50.420 .000 .233 

Tech * AYP 1 .060 .005 .944 .000 

Within Subjects 

Pre-Post 1 398.718 46.865 .000 .220 

Pre-Post * Tech 1 4.066 .478 .490 .003 

Pre-Post * AYP 1 112.424 13.124 .000 .074 

Pre-Post * AYP 
* TECH 1 8.121 .955 .330 .006 

 
As shown in Table	  4.20, there is a significant main effect for AYP (AYP = 9.074; Non-

AYP = 6.056) and a significant interaction between Pre-Post and AYP. This interaction is 

depicted below. 
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Figure 4.3: Interaction Between Pretest, Posttest and AYP for Hard Questions 

 
The results suggest that while students in general improved their scores from the pretest to the 

posttest, the students in the AYP schools improved at a significantly higher rate as shown in 

Figure	  4.3.  

  

B.	  Ethnicity: To	  ascertain	  if	  ethnicity	  had	  an	  effect	  on	  the	  results,	  repeated	  

measures	  ANOVA	  was	  conducted	  comparing	  the	  pretest	  to	  the	  posttest	  scores	  for	  genetics	  

knowledge	  as	  a	  function	  of	  ethnicity.	  As	  an	  initial	  analysis,	  AYP	  and	  Tech	  were	  added	  to	  

the	  ANOVA.	  Since	  none	  of	  the	  interactions	  with	  ethnicity	  was	  significant,	  only	  the	  effects	  of	  
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ethnicity	  are	  presented.	  The	  groups	  used	  for	  this	  analysis	  were	  African	  Americans,	  Asians,	  

Hispanics	  and	  Caucasians.	  The	  means	  and	  standard	  deviations	  are	  presented	  in	  Table	  4.19	  

and	  the	  ANOVA	  results	  in	  Table	  4.20. 

Table	  4.19:	  Pretest	  and	  Posttest	  Means	  and	  Standard	  Deviations	  by	  Ethnicity 
 
 

Ethnicity N Mean 
Pretest 

Mean 
Posttest 

Std. 
Deviation 
Pretest 

Std. 
Deviation 
Posttest 

African 
American 98 19.2 25.62 6.944 8.435 

Asian 27 17.7 27.3 5.18 10.299 
Hispanic 37 18.22 21.86 8.403 9.742 

Caucasian 21 17.52 20.52 6.867 8.733 
Total 183 18.59 24.52 7.012 9.236 

 

Table 4.20: Repeated Measures ANOVA by Ethnicity 
 
 

Source df Mean Square F Sig. Partial Eta 
Squared 

Between Subjects 

Ethnicity 3 210.472 2.132 .098 .034 

Within Subjects 

Pre-Post 1 2106.28 65.146 .000 .267 

Pre-Post * 
Ethnicity 3 126.403 3.910 .010 .061 

 
The significant interaction is presented in Figure	  4.4. 
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Figure 4.4: Pre & Posttest interaction with ethnicity 

1= African American, 3= Asian, 4 = Hispanic, 5 = Caucasian 

The data in Figure	  4.4 show that while all groups increased between the pretest and the 

posttest, the greatest gain was made by the Asian students.  

C. Gender. All of the analyses reported above were analyzed with gender as an 

additional between subjects factor. None of the main effects or interactions was significant. 

There was, however, an interesting finding concerning playing computer games. As mentioned 

earlier, I had requested the information about the usage of recreational technology in the survey. 

My purpose was to find out if students who were more familiar with technological games would 

perform better and with ease on Geniverse. The initial analysis showed that approximately 69% 
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of students claimed to be playing console games occasionally.  In addition, the results indicate 

that boys have a significantly higher mean than girls and that boys play more console games than 

girls. Perhaps even more interesting was the effect across time comparing girls and boys.  The 

means are presented in Table 4.21 and the ANOVA results in  

  
N Pretest Mean 

Posttest 
Mean 

Pretest Std. 
Dev. 

Posttest Std. 
Dev. 

Male 119 1.77 2.57 2.57 1.279 
Female 117 1.68 1.64 1.64 1.228 
Total 236 1.72 2.11 2.11 1.335 

 
 

Table 4.22. 

Table 4.21: Means and Standard Deviations for Playing Console Games 
 
 

  N Pretest Mean 
Posttest 
Mean 

Pretest Std. 
Dev. 

Posttest Std. 
Dev. 

Male 119 1.77 2.57 2.57 1.279 
Female 117 1.68 1.64 1.64 1.228 
Total 236 1.72 2.11 2.11 1.335 

 
 
Table 4.22: Repeated Measures ANOVA for Playing Computer Games by Gender 
 
 

Source df Mean Square F Sig. Partial Eta 
Squared 

Between Subjects 

Gender 1 31.191 15.077 .000 .061 

Within Subjects 

Pre-Post 1 17.224 17.186 .000 .068 

Pre-Post X 
Gender 1 20.444 20.399 .000 .080 
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The significant interaction is presented in Figure	  4.	  5. 

	  
Figure 4. 5: Interaction for Playing Computer Games by Gender 

As shown in Table	  4.21 and Figure	  4.	  5, boys significantly increased the amount of 

computer games they played between the pretest and the posttest, while girls remained at 

essentially the same level. 

 

D. Correlations Among attitudinal variables. To ascertain if the variables 

assessed in this study are related to each other, the post-survey scores were correlated with each 

other. These correlations are presented in Table 4.24.  
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Table 4.24: Correlations Among the post science Self-Efficacy, career goals and technology 
efficacy. 
 
  Posttest Post-

Sci-eff 
(avg) 

Post-
Tech-eff 
(avg) 

Post-
Car-Goal 
(avg) 

Pearson Correlation 1 0.143 -0.065 -0.081 
Sig. (2-tailed)   0.068 0.412 0.307 

Posttest N   163 163 163 
Pearson Correlation   1 .186** .388** 
Sig. (2-tailed)    0.008 0 Post-sci-

eff (avg) N    203 203 
Pearson Correlation    1 0.132 
Sig. (2-tailed)     0.061 

Post-
Tech-eff 
(avg) N     203 
**. Correlation is significant at 0.01 level (2-tailed). 

 

As shown in Table	  4.24, Science Self-Efficacy correlates significantly and positively with 

Technology Self-Efficacy and with Career Goals Aspirations. No other correlations are 

significant.  

E. Geniverse Aligned Test items: It was discovered after the study was 

completed that students who followed the Geniverse curriculum did not have an opportunity to 

acquire the textbook information. Thus, to maintain equality, the items specific to the Holt 

textbook and not aligned with Geniverse were removed. Thirteen items out of 54 were excluded 

and the remaining scores were further analyzed; therefore, only 41 questions were subjected to 

analysis to test the efficacy of the constructivist tools. With the fact that pretest scores started at 

different levels, an analysis of covariance was performed using the pretest scores as a covariate. 

The means and standard deviations are depicted in Table 4.25 and analysis of covariance results 

in Table 4.26. The difference in genetics scores between the technology group and non-
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technology groups approached statistical significance (Technology = 17.72; Non-Technology = 

13.66, p = .055); students from AYP schools outscored Non-AYP students (AYP = 23.26; Non-

AYP = 11.43, p = .000).  

Table 4.25: Means and Standard deviation for genetics test scores without the non-aligned 
test items 
 
 

Tech AYP N Mean Std. Deviation 
AYP 85 23.47 8.315 

Non-AYP 103 12.97 8.644 Technology 
Total 188 17.72 9.963 
AYP 31 22.68 7.063 

Non-AYP 54 8.48 7.873 
Non 

Technology 
Total 85 13.66 10.207 
AYP 116 23.26 7.977 

Non-AYP 157 11.43 8.631 Total 
Total 273 16.45 10.196 

 

Table 4.26: Analysis of covariance results for genetics content without the non-aligned test 
items 
 
 

Source df Mean Square F Sig. Partial Eta 
Squared 

Tech 1 223.132 3.712 .055 .014 
AYP 1 5330.658 88.690 .000 .249 

Tech * AYP 1 168.298 2.800 .095 .010 
 

Analysis of covariance depicts that students from AYP schools performed significantly better 

than the Non-AYP students and also that technology did not significantly affect the outcome. 

Even if significance level of .055 was considered important, the effect size is found to be 

minimal. Therefore, there is no practical relevance to the observed significance. 
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IV. Summary of the Results 

In summary, the results from the study are as follows: 

1. In reference to the major research questions, students learning genetics through Geniverse 

performed better on the achievement test than students learning through the conventional 

instructional method. The effect, however, was small and it did not generalize to the 

subset of questions that were at a higher level of difficulty. 

2. There was no indication that students in lower achieving schools were helped to a greater 

extent than students in the higher performing schools.  

3. With the exception of science Self-Efficacy, all of the remaining attitudinal variables 

assessed in this study (Technology Self-Efficacy and Career Goal Aspirations) did not 

show a significant increase between the pretest and the posttest. 

4. Science Self-Efficacy was the only variable significantly and meaningfully affected by 

Geniverse. Specifically, students who learned genetics using Geniverse significantly 

increased their science Self-Efficacy between the pretest and the posttest, while students 

taught by the traditional means decreased. 

5. There was a significant and positive correlation between Science Self-Efficacy, Career 

Goal Aspirations and Technology Self-Efficacy.  

6. With the exception of game playing, there were no gender differences on any of the 

variables. 

7. No practical relevance can be associated with the increase in genetics content scores. The 

scores after the implementation of the constructivist instructional tools are still below the 

mandated passing grade. 
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CHAPTER 5: DISCUSSION & IMPLICATIONS 

 
Technology has become an inevitable necessity of life.  Teaching and learning strategies 

need to evolve to the challenges posed by the 21st century. In response to these societal changes 

and requirements, students need to be exposed to technology in various forms to help them 

adjust better to the future workplace (Dede, 2007).  It follows from this that instructional units 

must be built around technology and teachers must be trained to teach such units. One can see 

that there is a boom in the electronic industry and a mad rush observed in the software world to 

produce the most innovative software. Many educational websites, software and interactive 

electronic media are made available to the educators as free or trial versions.  Geniverse, the 

software used in the current study, is one example of educational software that has been 

developed to meet the challenges of this new technological era. Since it aligns well to the 

prescribed District and State standards it was an ideal choice for investigation.  

The major metric by which schools are noted as meeting or not meeting AYP is through 

the performance of students on the States standardized tests. In this study, I looked at virtual 

learning environments as a teaching tool to help students comprehend genetics better and 

perform well on the classroom tests. As mentioned in the policy brief from the Alliance from 

Excellent Education (2009) by Pinkus, present day students are inadequately prepared for 

standardized tests, as well as for college and, ultimately, careers. Children from minority 

communities and poor families are usually found in major concentrations in low performing 

schools (Belfanz et al., 2007). The students who are marginalized either due to socioeconomic 

status or any other factor are ill prepared to face present day challenges. Therefore schools need 

to address the issue of insufficient preparation first and foremost. Will including technology- 

based teaching and learning motivate students from Non-AYP schools to perform better in the 
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subject area and thereby improve academic scores?   This was one of the major questions 

underlying the current research.  

Especially in the field of science where concepts can be abstract, technology provides 

visuals and interactive learning experiences to comprehend them. I used a technology-based 

instructional tool, Geniverse, a Concord Consortium production as a platform for my research 

and compared the outcomes of that instructional tool to that of the outcomes of an instructional 

approach that did not use a virtual learning environment. The major purpose of this study was to 

find out if technology- based instruction made a difference in academic scores in genetics. A 

related purpose was to ascertain if technology- based instruction was more effective in AYP 

schools versus Non-AYP schools. In addition, this study also focused on Science and 

Technology Self-Efficacy and Career Goal Aspirations of students.  

I implemented Geniverse in four high schools of a large urban school district from the 

Mid-Atlantic region of the US. As mentioned in the research design, two schools met AYP and 

two of them did not. In both AYP and Non-AYP schools, teachers taught genetics using 

Geniverse as well as a more traditional approach.  

Findings 

 The major findings of the research are as follows: 

1. As one would expect, the students in the AYP schools performed better on the achievement 

test than students in the Non-AYP schools. This effect was large and accounted for more of 

the variance than any other factor. 

2. The difference between the students in the AYP schools and those in the Non-AYP was 

even more pronounced when only the more difficult questions were analyzed. 
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3. Overall, students taught by both approaches increased their knowledge scores from pretest to 

posttest. The gain for the students in the AYP schools, however, was significantly greater 

than the gain for the students in the Non-AYP schools, a demonstration of what is usually 

called the Matthew Effect. 

4. Geniverse did significantly affect the students’ achievement in genetics. The effect, 

however, was small and it did not generalize to the more difficult questions. 

5. There were, however, no differences between the AYP and Non-AYP schools in science 

Self-Efficacy, Technology Self-Efficacy or Career Goals Aspirations.  

6. Students who learned genetics through Geniverse increased their science Self-Efficacy 

between the pretest and the posttest, while students who learned by the traditional method 

decreased. 

Comments and Observations  

There were a number of factors that became evident during the study that are not directly 

shown in the empirical data. It was clear, for example, that stars given as rewards on each 

module was a major motivation for students in all four schools.  Students spent numerous hours 

in obtaining the maximum number of stars each module would award. While it is difficult to 

clearly show, there was a sense among the teachers that students were motivated by the game 

playing aspect of Geniverse and that this in some cases improved the instructional climate in the 

classroom. In fact, when speaking to one of the students from the experimental group, he said, 

“I enjoyed working on Geniverse as it was different from usual lesson, i.e. a lecture followed by 

worksheet. I loved working on computers”.  

Several of the teachers and many students echoed this positive response to Geniverse. A 

summary of this feedback that was collected informally through student and teacher interviews 
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is presented in Appendix G. One teacher reported that her students were engrossed in the 

challenges posed by Geniverse. They were going after getting most ‘stars’ for each module and 

to do that they had to redo the modules many times. Another teacher said, “I saw this activity 

developing from a hands-on activity, in University of Pennsylvania and now it is digital. It’s a 

beautiful game”. 

When students were interviewed for feedback on their experience with Geniverse they 

said that it was a change from usual lessons, that it was interesting, novel and fun. Many 

students responded that they liked the colors of drakes challenge. One student commented, “ I 

did not know that so many colors would be made by same alleles, lava was beautiful”. They 

were fascinated by the various phenotypes with the existing alleles. Apart from Geniverse being 

different kind of teaching and learning tool it was also informative according to many students. 

One student from AYP school commented, “ It helped us see the effect of our changing the 

alleles, we could see the different drakes forming with different alleles, of course we couldn’t 

click at random as it would count towards number of moves.  It was very interactive, it helped 

us see what we made (phenotype of dragons)”. Some students assumed the role of leaders and 

took upon themselves to either do the online journal or submit a written report to their teacher. 

Most of the teachers asked the students to take notes and submit a hard copy of the 

argumentation. Teachers were very impressed with the way students got immersed in the 

modules. I heard one student exclaim, “ Now, I have to do the module all over again, I have 

only two stars and I don’t like it. I know I can get three stars”. The motivation of receiving more 

stars on the modules made the students try the modules many times and in so doing reinforce the 

concept more thoroughly. Students enjoyed role-playing as Scarlet or Strider and trying to help 
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‘Arrow’ the dragon. They got deeply immersed in the modules to find the reason behind dragon 

disease.  

 The process of ‘meiosis’ was very concrete and fascinating. They had to pick the right 

sperm and the egg to make the target drake after independent assortment. If they did not find the 

right combination of alleles, which would make their target drake, they had to re-run the 

simulation of meiosis. A great deal of collaborative and supportive work was seen during this 

module. Students supported each other during the hour of frustration for not finding the right 

gamete. Their teacher was ecstatic about the student involvement. He said, “The visual feature; 

in 9th grade, almost 90% of students are extremely visual learners. So, instead of having these 

materials in writing format or just read from the book, in Geniverse, they’re actually seeing a 

character, which follows some kind of a story. One of the bad features of science books is that 

it’s a bunch of discreet knowledge and students cannot understand the link. Therefore, this type 

of system actually helps them to develop a story. That is why you put in fictional stories that 

actually help to attach scientific stuff to them”.  

 Having said this, it is also clear the motivation was a problem in the Non-AYP schools 

that Geniverse was not able to completely overcome. The students in the non- AYP schools 

needed a lot of encouragement and support to complete their in-class assignments. One of the 

problems encountered was the severe absenteeism, which dampened the spirit of the teachers in 

charge of implementing Geniverse. One of the Non-AYP school teachers emailed me as 

follows: “As you may know, D High School has many issues with attendance and class cuts. 

 It's very hard to get everyone to take a test, even if I give it over the course of three days. 

Simply with issues of attendance and tardiness, I find that the hardest part of implementing 

Geniverse was that the student has to be in the classroom and on task when I am giving 
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instruction on the particular module.  Late and absent students (which are at least a third of the 

class) eat up my instructional time because I need to catch them up on the skills they missed. 

 They are also the major source of disruptions in the classroom”.  In addition, some students’ 

enthusiasm was curbed by the archaic laptops and time. They were stopped by 15th module to 

take the posttest as the teachers had given the unit more than the time allotted by the district 

planning and scheduling timeline.  

  As mentioned above, the one significant effect that demonstrated the benefit of Geniverse 

was that the group using this software significantly increased in science Self-Efficacy as 

compared to the students using the traditional instructional format. While the effect was small, it 

did demonstrate that at least on one of the dependent variables assessed in this research the 

students using Geniverse were positively impacted.  

It was also the case that Science Self-Efficacy was significantly and positively correlated 

to Career Goal Aspirations and Technology Self-Efficacy after the implementation of 

technology-based instruction. This could be interpreted to mean that higher science Self-

Efficacy encouraged the students to think of science as a possible career option. This fact is 

consistent with Bandura’s (1997) hypothesis that an increase in Self-Efficacy in one domain can 

generalize to other arenas in a person’s life. I would like to argue that technology appears to be 

the root cause for the observed changes. Although the results from the present study only 

partially support this, the results do support testing this model in future research. 

Prior studies 

The results of this study are somewhat consistent with prior research that found a 

positive effect for technology-based instruction on science achievement. For instance, Dede and 

his colleagues (2004, 2007) have reported a rise in academic achievement, and science Self-
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Efficacy in low performing schools with the River-City Project, a technology-based 

instructional tool. They used River-City, a Multi-User Virtual Environment (MUVE) as the 

platform for their study and found that the instructional mode improved attendance and 

decreased disruptive behavior in low performing middle school students. In MUVEs (Clark & 

Dede, 2005) the students role-played as scientists and found out the cause for certain diseases, 

which were either water borne, air borne or by contact. Students investigated, hypothesized, 

made observations, analyzed and inferred during the project. Students mentioned that they felt 

like scientists while solving the problem. Even the very introverted students were able to 

participate in the program, as it did not entail any form of public speaking or display. Perhaps 

one of the reasons that my results are not consistent with previous research is that the earlier 

research such as the River-City Project used either elementary or middle school students while I 

used high school students. In addition, the previous research was conducted at a time when 

technology-enhanced instruction was more novel and unique. In the present time when almost 

all students have experienced highly sophisticated and highly complex game-playing 

environments, the novelty has worn off.  

However, the finding of higher science Self-Efficacy is in line with previous research. 

The use of Geniverse was a motivating agent in all four schools. Students were immersed into 

the drakes-breeding project. There was more participation in Geniverse classes in comparison to 

traditional paper-pencil dragon genetics activity, worksheets and lectures. The novelty of 

technology over traditional approaches probably resulted in enhancing science Self-Efficacy, a 

result consistent with the findings of Hseih et al. (2008) who studied middle school students. 

They examined achievement, Self-Efficacy and Career Goal Aspirations in a technology rich 

environment with 549 middle school students. They found that performance avoidance goals of 
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students were significantly decreased and technology significantly increased self–efficacy and 

achievement. As mentioned earlier most of studies have been performed at either middle school 

or elementary levels so it is difficult to draw direct comparisons between this study and previous 

research.  
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Limiting factors to the study: 

a. Since the research had to be conducted at the classroom level it was not possible 

to randomize students to classrooms. Thus, only a quasi-experimental design 

could be implemented, and analyses had to be conducted at the student level. 

2. This study had an adequate sample size (N=283) in the beginning. However, there was 

considerable attrition in sample size during the posttest and survey especially in the non -

AYP schools. As suspected, there was a major attrition of sample size especially in the 

Non-AYP schools due to absenteeism. Data collection became a herculean task, as 

students did not show up to school. One of the teachers from the Non-AYP schools 

stopped implementing Geniverse far too soon, right after the tenth module. The teacher 

got tired of students not attending the class regularly and not being able to keep pace with 

the main group of students. If this teacher had persuaded the students to keep continuing, 

the final sample size would have been better and potentially more representative. For 

future studies, teachers must be given guidelines to treat such issues of attendance and 

disruptions arising due to nonattendance. 

3. Impending Keystone exams forced the teachers to cut down the implementation of 

Geniverse prematurely. Three out of four teachers could complete 15 modules out of 

seventeen; the fourth teacher could only attempt ten modules. 

4. There was a lack of computer knowledge among students. This fact was evident through 

the surveys wherein students claimed using recreational computers very rarely (69%). I 

suspect that students could not give their best effort at the lesson and this could have 

affected the outcomes.  
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5. The technological equipment in three out of four schools was outdated and ineffective. 

The computers would often freeze in the middle of the module and wouldn’t save student 

work. Students had to restart the program, which resulted in wasting valuable time. 

6. Additionally, the teachers did not think it was important to give the post-survey right 

after the implementation of Geniverse. The teachers from the Non-AYP schools were 

requested to give the students the post- survey after the Easter break. This led to a big gap 

between the implementation of Geniverse and post-survey dates.  I feel the values for 

survey items were affected, and were not very conclusive in nature.  Thus, the importance 

of the data-collecting instrument must be made evident to the participants. 

7. Software issues: 

• The software did not have any built- in preamble in the form of either notes or 

instructions. Each module would set up a task for students to perform. 

Teachers were to scaffold as much as they thought would be appropriate. A 

strict vigilance had to be maintained to assure that all classes were on par 

otherwise it could have added teacher variability to the data. 

• The modules did not use the universal coding style of genes: with ‘letters’ and 

common terms. Here is the first hand account of the teacher, “Reflecting on 

the teaching methods, one problem I found is that the software doesn't use the 

Capital letter/ lowercase letter notation for dominant and recessive alleles. 

 This is tough for them (students) to understand which is dominant and 

recessive (although many students correctly assume that having a trait is 

always dominant to not lacking it).  The words homozygous and heterozygous 
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aren't used anywhere in the program, and so I have to reiterate their meaning 

about every lesson.  The difference between genotype and phenotype isn't 

present in the software, but I try to implement it in the classroom when talking 

about the genes and the traits that are apparent in the dragons”. 

• The software has 17 modules in all and availability of time for completing all 

of them was a major hurdle. 

• The software was not packaged with instructions. Thus, students could not 

have handled the curriculum without teacher’s scaffolding. For example, the 

software meted out knowledge of codominance or incomplete dominance in 

their modules, but students did not know the phenomenon until the teacher 

pointed it out. Hence, the technology could not be used as a self-paced 

program. . Here are some comments collected through teacher interviews: “ It 

is amazing tool, and my kids enjoyed working with various scenarios. But I 

would have liked an introduction to each module and the necessary 

information to complete the module must be available to the students at all 

times. With that I could have had each student working at their own pace”.  

• On a different note, another teacher said, “ The story line should have 

accompanied the modules, like if a student completed a module, how did it 

help the student to find the cure for the dragon disease. Keep the story line 

alive for immediate gratification”. These points could have affected student’s 

motivation to complete all the modules. 
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8. As the software was being implemented for the first time in the classrooms, teachers were 

also observed adapting and scaffolding their teaching styles in response to the student 

requirements. The novelty factor might have affected the teacher’s performance and 

confidence levels. 

9. Last but not least, the surveys were self-reported by students. The responses are based 

upon student interpretation of the constructs and their prior experience with the subject 

matter. Nevertheless, the results of this study have shed light on important findings and 

point towards necessity of additional research to find the true potential of technology-

based instructional tool. 

Future directions 

This study had some limitations and the results must be interpreted in light of those limitations. 

Geniverse has shown potential in increasing the content knowledge as well as science Self-

Efficacy although both results are only marginal. In view of which, more exploratory studies 

need to be performed to shed better light on the efficacy of the Virtual Learning Environment. 

The following are the some of the future directions: 

 (1) This investigation must be repeated and confirmed with a more diverse sample of schools 

and students to obtain conclusive results. The idea of including both AYP and Non-AYP 

schools is a good one, but future research must build in a stronger set of controls to reduce the 

attrition problem in the Non-AYP school.  

(2) This was the pilot implementation of Geniverse in schools of the district. It has been a 

known phenomenon that teachers improve quality of instruction with years of experience. A 

longitudinal study will shed better light of the efficacy of Geniverse in a larger context. 
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(3) As attendance seemed to be a major problem in the Non-AYP schools, it would have 

been helpful if attendance records were obtained from the teachers. Even though there was 

indirect evidence of attendance increasing for students using Geniverse, there was no hard 

evidence available.  

Implications of this study to practice 

 Technology is ubiquitous!! Thus, utilizing the technology in high school instruction 

would be considered most appropriate keeping in mind that technology is needed in all fields of 

life. All students need to be given equal opportunities to succeed in future careers. It only 

seemed logical to think that technology-based instruction in low achieving (Non-AYP) schools 

should enhance its value as it should help to motivate marginalized students in terms of 

attendance, achievement and in general science Self-Efficacy. The fact that there was only a 

little evidence for this effect in this study is disappointing but, as mentioned above, the Non-

AYP schools experienced severe difficulties throughout the course of the research.  

This research began with the assumption that using technology-enhanced instruction 

would improve achievement and attitudes of students in general and students in low performing 

schools in particular. Overall, there is only a minimal support for this idea in the data reported in 

this study. However, it should be noted that this was first year of implementation of technology-

enhanced curriculum in the four schools. A longitudinal study in this regard might shed more 

light on technology enhanced instructional tools. 

One of the attention-grabbing features of this study was that students in this study 

statistically increased their knowledge of genetics as demonstrated by their test scores regardless 

of the constructivist tool used as reinforcement. The gain in genetics knowledge and science 

Self-Efficacy due to the implementation of virtual learning environment must be observed with 
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a practical lens, they were statistically significant but only marginal in terms of effect size. 

Practical significance of such gains is negligible in real world setting. The gains were indicative 

of hidden potential in the instructional tools, if implemented with tenacity they would yield 

better results. 

 As mentioned previously, student comments indicated that they found Geniverse 

interesting and it strengthened their motivation to learn. This by itself offers support for the idea 

that technology-based instruction should be inculcated as a part of curriculum to better prepare 

the students of the 21st century and provide application of classroom knowledge to real life 

settings. Utilization of technology should not be misconstrued as a replacement to traditional 

teaching methodologies but as reinforcers of concepts where traditional teaching falls short. 

Technology can concretize concepts, which are either at a micro or macro level, for example, 

showing genes and their exhibition in genetics or the blue or red shift in astronomy. Technology 

can motivate students to learn better and specifically improve Self-Efficacy of students. 

Improved Self-Efficacy may possibly pave the way for other factors like academic success and 

motivation towards STEM career goals. Technology-based instruction could prove to be an 

interesting and novel instructional tool if implemented in the right way and over a longer 

duration of time. 
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APPENDIX B: GENETICS CONTENT TEST 

Multiple Choice 
Identify the letter of the choice that best completes the statement or answers the question. 
 

____ 1. The point at which two chromatids are attached to each other in a chromosome is 
called a(n) 

a. chloroplast. c. gamete. 
b. centromere. d. centriole. 

 
____ 2. Chromatids are 

a. dense patches within the nucleus. 
b. bacterial chromosomes. 
c. joined strands of duplicated genetic material. 
d. prokaryotic nuclei. 

 
____ 3. The chromosomes in your body 

a. exist in 23 pairs in all cells but gametes. 
b. each contain thousands of genes. 
c. form right before cells divide. 
d. All of the above 

 
____ 4.  Normal human males develop from fertilized eggs containing which of the following 

sex chromosome combinations? 
a. XY c. XO 
b. XX d. OO 

 
____ 5.  Homologous chromosomes are pairs of chromosomes containing genes that code for 

a. different traits. c. DNA. 
b. the same traits. d. cytosol. 

 
____ 6. In humans, gametes contain 

a. 22 autosomes and 1 sex chromosome. 
b. 1 autosome and 22 sex chromosomes. 
c. 45 autosomes and 1 sex chromosome. 
d. 1 autosome and 45 sex chromosomes. 

 
____ 7. In humans, the male determines the sex of the child because males have 

a. two X chromosomes. c. two Y chromosomes. 
b. one X and one Y chromosome. d. 46 chromosomes. 

 
____ 8. The X and Y chromosomes are called the 

a. extra chromosomes. c. sex chromosomes. 
b. phenotypes. d. All of the above 

 
____ 9. female : XX :: 
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a. female : gametes c. male : YY 
b. female : eggs d. male : XY 

 
____ 10. How many chromosomes are in the body cells of an organism that has a haploid 

number of 8? 
a. 4 c. 12 
b. 8 d. 16 

 
____ 11. diploid : somatic cell :: haploid : 

a. body cell c. gamete 
b. chromosome d. zygote 

 
____ 12. If nondisjunction occurs, 

a. there will be too many gametes produced. 
b. no gametes will be produced. 
c. a gamete will receive too many or too few homologues of a chromosome. 
d. mitosis cannot take place. 

 
____ 13. Trisomy is a mutation that results in a cell having an extra 

a. nitrogen base. c. chromosome. 
b. codon. d. gene. 

 
____ 14. People with Down syndrome have 

a. 45 chromosomes. c. 47 chromosomes. 
b. 46 chromosomes. d. no X chromosomes. 

 
____ 15. When crossing-over takes place, chromosomes 

a. mutate in the first division. 
b. produce new genes. 
c. decrease in number. 
d. exchange corresponding segments of DNA. 

 
____ 16. The exchange of segments of DNA between the members of a pair of chromosomes 

a. ensures that variations within a species never occur. 
b. acts as a source of variations within a species. 
c. always produces genetic disorders. 
d. is called crossing. 

 
____ 17. Which of the following does not provide new genetic combinations? 

a. random fertilization c. independent assortment 
b. cytokinesis d. crossing-over 

 
____ 18. The passing of traits from parents to offspring is called 

a. genetics. c. development. 
b. heredity. d. maturation. 
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____ 19.  The scientific study of heredity is called 
a. meiosis c. genetics 
b. crossing-over d. pollination 

 
____ 20. Mendel's law of segregation states that 

a. pairs of alleles are dependent on one another when separation occurs during gamete 
formation. 

b. pairs of alleles separate independently of one another after gamete formation. 
c. each pair of alleles remains together when gametes are formed. 
d. the two alleles for a trait separate when gametes are formed. 

 
____ 21. The phenotype of an organism 

a. represents its genetic composition. 
b. is the physical appearance of a trait. 
c. occurs only in dominant pure organisms. 
d. cannot be seen. 

 
____ 22. If an individual possesses two recessive alleles for the same trait, the individual is 

said to be 
a. homozygous for the trait. c. heterozygous for the trait. 
b. haploid for the trait. d. mutated. 

 
____ 23. A genetic trait that appears in every generation of offspring is called 

a. dominant. c. recessive. 
b. phenotypic. d. superior. 

 
____ 24. An individual heterozygous for a trait and an individual homozygous recessive for the 

trait are crossed and produce many offspring that are 
a. all the same genotype. c. of three different phenotypes. 
b. of two different phenotypes. d. all the same phenotype. 

 
____ 25. Tallness (T) is dominant to shortness (t) in pea plants. Which of the following 

represents a genotype of a pea plant that is heterozygous for tallness? 
a. T c. Tt 
b. TT d. tt 

 
____ 26. homozygous : heterozygous :: 

a. heterozygous : Bb c. probability : predicting chances 
b. dominant : recessive d. factor : gene 

 
____ 27. Mendel's finding that the inheritance of one trait had no effect on the inheritance of 

another became known as the 
a. law of dominance. c. law of separate convenience. 
b. law of universal inheritance. d. law of independent assortment. 

 
____ 28. The law of segregation states that 
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a. alleles of a gene separate from each other during meiosis. 
b. different alleles of a gene can never be found in the same organism. 
c. each gene of an organism ends up in a different gamete. 
d. each gene is found on a different molecule of DNA. 

 
In humans, having freckles (F) is dominant to not having freckles (f). The inheritance of these 

traits can be studied using a Punnett square similar to the one shown below. 

 
 

____ 29. Refer to the illustration above. The child represented in box 1 in the Punnett square 
would 

a. be homozygous for freckles. c. be heterozygous for freckles. 
b. have an extra freckles chromosome. d. not have freckles. 

 
 
____ 30.  Refer to the illustration above. The parents shown in the Punnett square could have 

children with a phenotype ratio of 
a. 1:2:1. c. 3:1. 
b. 4:0. d. 2:2. 

 
 
____ 31. Refer to the illustration above. Which box in the Punnett square represents a child 

who does not have freckles? 
a. box 1 c. box 3 
b. box 2 d. box 4 

 
 
____ 32. Refer to the illustration above. The child in box 3 of the Punnett square has the 

genotype 
a. FF. c. ff. 
b. Ff. d. None of the above 

 
 In rabbits, black fur (B) is dominant to brown fur (b). Consider the following cross 

between two rabbits. 



117	  
	  

 
 
____ 33. Refer to the illustration above. The device shown, which is used to determine the 

probable outcome of genetic crosses, is called a 
a. Mendelian box. c. genetic graph. 
b. Punnett square. d. phenotypic paradox. 

 
____ 34. Refer to the illustration above. Both of the parents in the cross are 

a. black. c. homozygous dominant. 
b. brown. d. homozygous recessive. 

 
____ 35. Refer to the illustration above. The phenotype of the offspring indicated by box 3 

would be 
a. brown. c. a mixture of brown and black. 
b. black. d. None of the above 

 
____ 36. Refer to the illustration above. The genotypic ratio of the F1 generation would be 

a. 1:1 c. 1:3. 
b. 3:1. d. 1:2:1. 

 
____ 37. What is the expected genotypic ratio resulting from a homozygous dominant ´ 

heterozygous monohybrid cross? 
a. 1:0 c. 1:2:1 
b. 1:1 d. 1:3:1 

 
____ 38. What is the expected genotypic ratio resulting from a heterozygous ´ heterozygous 

monohybrid cross? 
a. 1:2:1 c. 1:2 
b. 1:3:1 d. 1:0 

 
____ 39. What is the expected phenotypic ratio resulting from a homozygous dominant ´ 

heterozygous monohybrid cross? 
a. 1:3:1 c. 2:1 
b. 1:2:1 d. 1:0 
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____ 40. The unknown genotype of an individual with a dominant phenotype can be 
determined using 

a. a ratio. c. probability 
b. a dihybrid cross. d. a test cross. 

 
 
____ 41. What is the probability that the offspring of a homozygous dominant individual and a 

homozygous recessive individual will exhibit the dominant phenotype? 
a. 0.25 c. 0.66 
b. 0.5 d. 1.0 

 
____ 42. A trait that occurs in 450 individuals out of a total of 1,800 individuals occurs with a 

probability of 
a. 0.04 c. 0.50. 
b. 0.25. d. 0.75. 

 
____ 43. If a characteristic is sex-linked, it 

a. occurs most commonly in males. c. can never occur in females. 
b. occurs only in females. d. is always fatal. 

 
____ 44. Since the allele for colorblindness is located on the X chromosome, colorblindness 

a. cannot be inherited. c. is sex-linked. 
b. occurs only in adults. d. None of the above 

 
____ 45. A diagram in which several generations of a family and the occurrence of certain 

genetic characteristics are shown is called a 
a. Punnett square. c. pedigree. 
b. monohybrid cross. d. family karyotype. 

 
____ 46. In humans, the risks of passing on a genetic disorder to offspring can be assessed by 

a. analysis of a pedigree. c. prenatal testing. 
b. genetic counseling. d. All of the above 

 
____ 47. How many different phenotypes can be produced by a pair of codominant alleles? 

a. 1 c. 3 
b. 2 d. 4 

 
____ 48. Which of the following traits is controlled by multiple alleles in humans? 

a. sickle cell anemia c. hemophilia 
b. blood type d. Huntington's disease 

 
____ 49. What would be the blood type of a person who inherited an A allele from one parent 

and an O allele from the other? 
a. type A c. type AB 
b. type B d. type O 
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____ 50. A change in a gene due to damage or being copied incorrectly is called 
a. evolution. c. segregation. 
b. meiosis. d. a mutation. 

 
____ 51. Which of the following describes hemophilia? 

a. multiple-allele trait c. sex-linked trait 
b. dominant trait d. codominant trait 

 
____ 52. Both sickle-cell anemia and hemophilia 

a. are caused by genes coding for defective protein. 
b. are seen in homozygous dominant individuals. 
c. provide resistance to malaria infections. 
d. are extremely common throughout the world. 

 
 
 

____ 53. Genetic counseling is a process that 
a. helps identify parents at risk for having children with genetic defects. 
b. assists parents in deciding whether or not to have children. 
c. uses a family pedigree. 
d. All of the above 

 
 
 

____ 54. Which of the following is an example of gene technology? 
a. A genetic counselor studies a pedigree. 
b. A student studies the colors of flowers in pea plants. 
c. A geneticist explains the inheritance of albinism using a Punnett square. 
d. A physician transfers a normal gene into the DNA of a person with a genetic 

disease. 
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Genetics Content test 
Answer Section 
 
MULTIPLE CHOICE 
 

 1. ANS: B DIF: I OBJ: 6.1.2 
 

 2. ANS: C DIF: I OBJ: 6.1.2 
 

 3. ANS: D DIF: I OBJ: 6.1.2 
 

 4. ANS: A DIF: I OBJ: 6.1.3 
 

 5. ANS: B DIF: I OBJ: 6.1.3 
 

 6. ANS: A DIF: II OBJ: 6.1.3 
 

 7. ANS: B DIF: I OBJ: 6.1.3 
 

 8. ANS: C DIF: I OBJ: 6.1.3 
 

 9. ANS: D DIF: I OBJ: 6.1.3 
 

 10. ANS: D DIF: I OBJ: 6.1.4 
 

 11. ANS: C DIF: I OBJ: 6.1.4 
 

 12. ANS: C DIF: II OBJ: 6.1.5 
 

 13. ANS: C DIF: I OBJ: 6.1.5 
 

 14. ANS: C DIF: I OBJ: 6.1.5 
 

 15. ANS: D DIF: II OBJ: 7.1.1 
 

 16. ANS: B DIF: II OBJ: 7.1.2 
 

 17. ANS: B DIF: I OBJ: 7.1.2 
 

 18. ANS: B DIF: I OBJ: 8.1.1 
 

 19. ANS: C DIF: I OBJ: 8.1.1 
 

 20. ANS: D DIF: I OBJ: 8.2.3 
 

 21. ANS: B DIF: I OBJ: 8.2.2 
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 22. ANS: B DIF: I OBJ: 8.2.2 

 
 23. ANS: A DIF: I OBJ: 8.2.2 

 
 24. ANS: B DIF: I OBJ: 8.2.2 

 
 25. ANS: C DIF: I OBJ: 8.2.2 

 
 26. ANS: C DIF: II OBJ: 8.2.2 

 
 27. ANS: D DIF: I OBJ: 8.2.3 

 
 28. ANS: A DIF: I OBJ: 8.2.3 

 
 29. ANS: A DIF: II OBJ: 8.3.1 

 
 30. ANS: C DIF: II OBJ: 8.3.1 

 
 31. ANS: D DIF: II OBJ: 8.3.1 

 
 32. ANS: B DIF: II OBJ: 8.3.1 

 
 33. ANS: B DIF: II OBJ: 8.3.1 

 
 34. ANS: A DIF: II OBJ: 8.3.1 

 
 35. ANS: B DIF: II OBJ: 8.3.1 

 
 36. ANS: D DIF: II OBJ: 8.3.1 

 
 37. ANS: B DIF: II OBJ: 8.3.1 

 
 38. ANS: A DIF: II OBJ: 8.3.1 

 
 39. ANS: D DIF: II OBJ: 8.3.1 

 
 40. ANS: D DIF: I OBJ: 8.3.2 

 
 41. ANS: D DIF: II OBJ: 8.3.3 

 
 42. ANS: B DIF: II OBJ: 8.3.3 

 
 43. ANS: A DIF: I OBJ: 8.3.4 

 
 44. ANS: C DIF: I OBJ: 8.3.4 
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 45. ANS: C DIF: I OBJ: 8.3.4 

 
 46. ANS: D DIF: I OBJ: 8.3.4 

 
 47. ANS: C DIF: II OBJ: 8.4.1 

 
 48. ANS: B DIF: I OBJ: 8.4.1 

 
 49. ANS: A DIF: II OBJ: 8.4.1 

 
 50. ANS: D DIF: I OBJ: 8.4.2 

 
 51. ANS: C DIF: I OBJ: 8.4.3 

 
 52. ANS: A DIF: I OBJ: 8.4.3 

 
 53. ANS: D DIF: I OBJ: 8.4.4 

 
 54. ANS: D DIF: II OBJ: 8.4.4 
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APPENDIX C: SURVEY INSTRUMENT 

 

Demographic (Demographic survey): 

What is assigned Identification number? ________ 

What is TODAY’s DATE? ___________________________________________ 

Gender: ________________________________________________________ 

What is the main language spoken in your home? __________________________ 

Ethnicity: _______________________________________________________ 

 

Computer Game Use (Demographic survey) 

HOW FREQUENTLY HAVE YOU USED a computer to do the following? 

a.      Playing Computer games _______________________________ 

b.      Playing Console games _________________________________ 

 

 

Importance of Grades (Demographic survey) 

On a scale of 1 to 5, please answer the following questions (with 5 being most important and 1 

being least important): 

How important are good grades (like A’s and B’s) to you? 

How important is it to do well on the Keystone tests? 

Choose the grade that you are most likely to achieve in your science class:   

A   B   C   D   F 
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On a scale of 1 to 5, please answer the following questions (with 5 being most likely and 1 

being least likely): 

 

Self-Efficacy, Science Inquiry 

When I do my work in science class, I am able to find the important ideas. 

It is easy for me to make a graph of my data. 

Once I have a question, it is hard for me to design an experiment to test it. 

I can tell the difference between observations and conclusions in a story. 

When I do an experiment, it is hard for me to figure out how data I collected answers the 

question. 

I can use graphs to show what I found out in my experiment. 

I know how to use the scientific method to solve problems. 

It is hard for me to look at the results of an experiment and tell what they mean. 

I can write an introduction to a lab report. 

I have trouble figuring out the main ideas of what my science teacher is teaching us. 

It is hard for me to write a report about an experiment. 

I can design an experiment to test my ideas. 

 

Self-Efficacy, Computer Games 

I can keep winning at computer games or a long time. 

I can figure out most computer games. 

I am very good at building things in simulation games. 

No matter how hard I try, I do not do well when playing computer games. 

I can learn how to play any computer game if I don’t give up. 

 

Career Interest in Science 

A job as a scientist would be interesting. 

Working in a science laboratory would be an interesting way to make a living. 

I would like to be a scientist when I grow up. 

When I grow up, I would like to work with people who make discoveries in science. 

A career in science would be dull and boring. 
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I would dislike being a scientist when I grow up. 

I would dislike a job in a science laboratory when I grow up. 

A job as a scientist would be boring. 

I would dislike becoming a scientist because it needs too much education. 

I would like to teach science when I grow up. 
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APPENDIX D: INTERVIEW PROTOCOL 

Interview Protocol for Experimental Group 
 
Student identification number: __________ 
Teacher identification number: __________ 
School identification number:  _______ 
 
 
What feature of software did you like the most? Why? 
 
Which did you like the least?  Why? 
 
Overall, on a scale of 1-10, how would you rate your experience using Geniverse?  
 
How long did it take for you complete each module? 
 
Please tell me all of the concepts the program helped you learn. 
 
How many modules did the class complete?  
 
How many times did you access World Wide Web for more information? 
 
Did you find out the cause for dragon disease? What was causing it? How could the dragons be 
saved from the disease? 
 
Between the scales of 1-10, with 1 being the least and 10 being the most, how much of genetics 
do you know after completion of genetics unit? 
 
What careers would you like to pursue when you grow up? 
 
How do you feel about pursuing a career in science? Why?  
 
How can Geniverse be improved?   
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Interview protocol for comparison group 
 
Student identification number: __________ 
Teacher identification number: __________ 
School identification number:  _______ 
 
 
What feature of the activity did you like the most? Why? 
 
Which did you like the least?  Why? 
 
Overall, on a scale of 1-10, how would you rate your experience using this activity?  
 
How long did it take for you complete the activity? 
 
Please tell me all of the concepts the activity helped you learn. 
 
How many times did you access World Wide Web for more information? 
 
Between the scales of 1-10, with 1 being the least and 10 being the most, how much of genetics 
do you know after completion of genetics unit? 
 
What careers would you like to pursue when you grow up? 
 
How do you feel about pursuing a career in science? Why?  
 
How can this activity be improved?   
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Interview Protocol for teachers 
 
Date: _____________ 
Name of teacher _______________________ 
Name of High School __________________ 
Title of the course _____________________ 
Number of students in the class_______ 
Approximate gender breakdown________________ 
Teacher’s educational background _____________ 
Teacher’s familiarity with technology: Not very good, average, Good, Very Good. 
 
What feature of software/activity did the students like the most? Why? 
 
Which did they like the least?  Why? 
 
Overall, on a scale of 1-10, how would you rate your experience using Geniverse/activity?  
 
How long did it take for them to complete module/activity? 
 
Please tell me all of the concepts the program/activity helped you teach better. 
 
How many modules did the class complete? (NA for control group teachers) 
 
How many times did students access World Wide Web for more information? 
 
Did your class find out the cause for dragon disease? What was causing it? How could the 
dragons be saved from the disease? (NA for Control group teachers) 
 
Between the scales of 1-10, with 1 being the least and 10 being the most, how much of genetics 
do they know after completion of genetics unit? 
 
What careers would they like to pursue when they grow up? 
 
How do they feel about pursuing a career in science? Why or Why not?  
 
How can Geniverse/activity be improved?   
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APPENDIX E: DATA FOR ANALYSIS 

 
Variable Computer Name Comment 

Type of instructional environment Tech 1 = Technology-based 

instruction, 2= Traditional 

instruction 

Type of school environment AYP 1 = AYP school 

2 = Non-AYP school 

Gender GENDER 1 = Male 

2 = Female 

Ethnicity ETHNICITY 1 = African American, 2 – 

Native American, 3= Asian,  

4 = Hispanic, 5 = Caucasian, 

6 = Others 

Frequency of using Computer 

games 

PCG1 0 = Never, 1= Very rarely,  

2 = rarely, 3 = Occasionally, 

4 = Frequently   

Frequency of using Console games PCG2 0 = Never, 1= Very rarely,  

2 = rarely, 3 = Occasionally, 

4 = Frequently 

Good Grades in science Good grades 1 being the least and 5 being 

the most 
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Success on Keystones 
 

Keystones 1 being the least and 5 being 
the most 
 

Primary language spoken at home. Language 1 = English speaker,  

2 = Non English speaker 

Science Self-Efficacy PresSciEff, PostSciEff 1 being the least and 5 being 
the most 

Technology Self-Efficacy PreTechEff, 

PostTechEff 

1 being the least and 5 being 

the most 

Career Goal Aspirations PreCarGoal, 

PostCargoal 

1 being the least and 5 being 

the most 

Hard questions on the multiple 

choice test 

PreHardqs, PostHardqs The sum of all correct 

answers. 
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APPENDIX F: GENETICS TERMS AND DEFINITIONS 

 

Allele: Different versions of gene 

Autosomal Inheritance: Inheritance through autosomes. 

Chromosome: Single piece of coiled DNA containing many genes. 

Codominance: When both alleles are expressed simultaneously. 

Crossing over: Exchange of genetic material during meiosis. 

DNA: De-oxyribose Nucleic Acid, basis of heredity 

Dominant: Allele that exhibits in a phenotype. 

Gene: Segment of chromosome 

Genetics: Branch of biology that focuses on study of inheritance. 

Genotype: Genetic make-up of an organism. 

Heredity: Passing of traits from parents to offsprings. 
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Heterozygous: different type of alleles (ex: Hh) 

Homozygous: Same type of alleles (ex:  HH, hh) 

Incomplete dominance: When neither of alleles can express itself completely in the 
offspring and an intermediate form is exhibited. 

Law of independent assortment: Alleles of a gene separate independently during gamete 
formation. 

Law of Segregation: It states that two alleles of a character segregate during gamete 
formation. 

Meiosis: Type of cell division resulting in gametes (sperm and ovum). 

Monohybrid cross: It is a mating between individuals who have different alleles at one 
genetic locus of interest. 

Multiple alleles: Genes with three or four alleles 

Phenotype: External appearance of an organism. 

Polygenic inheritance: When several genes influence a trait 

Punnett Square: A diagram that predicts the outcome of a cross. 

Recessive: Allele, which can exhibit only in absence of dominant version of the gene. 
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Sex linked Inheritance: Inheritance of traits when genes are present on sex chromosomes. 

Trait: distinguishing characteristic or quality 
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APPENDIX G: TEACHER INTERVIEWS 

Interview 1 

 

Date: __3/22/13 

Name of teacher _A 

Name of High School __A 

Title of the course __Biology 

Number of students in the class__93 

Approximate gender breakdown: Equal 

Teacher’s educational background MS Education/Technology 

Teacher’s familiarity with technology: Not very good, average, Good, Very Good. 

 

What feature of software/activity did the students like the most? Why?  

 

Teacher A: The students liked the drakes and the challenges of figuring out the alleles most of 

the time.  They also like the immediate feedback. 

 

Which did they like the least?  Why?   

 

Teacher A: They did not like the instructions, or having to flip back and forth between journals 

and the challenges.  They complained of not being able to cut and paste the data table from the 

stats page into their evidence.  Students did not understand the difference between evidence and 

reasoning. 

 

Overall, on a scale of 1-10, how would you rate your experience using Geniverse/activity?  6 

 

How long did it take for them to complete module/activity?  

 

Teacher A: A little over a month but we did not complete the program; we stopped at challenge 

15. 
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Please tell me all of the concepts the program/activity helped you learn. 

 

Teacher A: The program did a nice job with genotypes and phenotypes and monohybrid crosses.  

It also helped students increase their ability to use evidence to explain a concept. 

 

How many modules did the class complete? (NA for control group teachers) 

11 -15 

 

How many times did students access World Wide Web for more information? 

 

Teacher A: Students did no additional research that I saw. 

 

Did you find out the cause for dragon disease? What was causing it? How could the dragons be 

saved from the disease? (NA for Control group teachers) 

 Teacher A: We did not complete the activity. 

 

Between the scales of 1-10, with 1 being the least and 10 being the most, how much of genetics 

do they know after completion of genetics unit? 

 

Teacher A: I would give my classes a 7 based on their test results, but an 8 based on individual 

discussions. 

 

What careers would they like to pursue when they grow up?   

 

Teacher A: Lawyers, Beauticians, Pediatricians, Chef, Doctors, Construction workers, Nursing 

 

How do they feel about pursuing a career in science? Why?  

 

Some think it would be fun and others are not. 

 

How can Geniverse/activity be improved?   
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Teacher A: The challenges and cases do not use genetics vocabulary.  The students cannot make 

the connections between the vocabulary such as genotype and phenotype, polyallelic, dihybrid 

etc. Without actually seeing and hearing the terms many times.  If the instructions and challenges 

used the terms or told them what they were experiencing it would have been easier for the 

students to connect what we discussed in class to what they were learning with the software.  

One student told me “I know that I am learning something, I just don’t know what it is.”  

 

It would have been helpful to have something ready to print out for students, the program 

suggests that they keep an on-line journal, but our technology was not always reliable.  Having 

papers to fill in or answer questions as they went along kept them from simply clicking and 

guessing.   

 

If each challenge explained to students the objective, not just what the character was supposed to 

figure out, it would be more relevant.  

 

The stars and quills that the students earned often disappeared and they felt that they had to go 

back and redo the challenges.   

 

I liked the challenges and did see improvement in my students understanding when they were 

verbally explaining things to me, however they struggled with the test because it used different 

language than we had used with the software.   
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Interview 2 

Date: 3/28/13 

Name of teacher _B 

Name of High School: B (AYP) 

Title of the course: Traditional Biology 

Number of students in the class: 24 

Approximate gender breakdown: approximately half and half 

Teacher’s educational background: Double PhDs (Molecular Biology and Biochemistry) 

Teacher’s familiarity with technology: Not very good, average, Good, Very Good. 

 

What feature of software/activity did the students like the most? Why? 

The visual feature; 9th grade students- almost 90% of them are extremely visual learner. So, 

instead of having these materials in writing format or just from the book are not as good as doing 

it hands on, online… In Geniverse, they’re actually seeing a character, which has some kind of a 

story. One of the bad features of science books is that it’s a bunch of discreet knowledge and 

students cannot maintain a link. Therefore, this type of system actually helps them to develop a 

story. 

  

Which did they like the least?  Why? 

It’s not that they did not like Geniverse. Depending on their individual capability they, they 

didn’t like some of the cases as you heard. Some of them were probably just too hard. Those who 

don’t like video game at all, they got distracted because it sells like videogame.  

I saw this activity developing from a hands-on stuff, in University of Pennsylvania and now it is 

digital. It’s a beautiful game. 

 

Overall, on a scale of 1-10, how would you rate your experience using Geniverse/activity?  

10. Yeah, I really like it because I used this one and, in the past, dig card and then supplemented 

or supported it by zebra fish. They actually need to learn through this system and apply to zebra 

fish to get the actual genetics coherence.  
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** Teacher implementation- with scaffolding: Number of people don’t like reading material. 

Basically, in Holt Biology books they don’t like the language and also the way it is written. So 

because of the supplementation, it works. If you have a system like this it works. It’s a story… 

only problem with Geniverse, I can imagine, is that (it lacks direct relevance by making students 

active users of genetics). If it comes with a variety of stories, for instance, it is attached to a little 

kid who is raising a dragon and let’s say this dragon is about to have a baby. The storyline 

needed to be more detailed and you can have all the technicalities but give them something to 

hold on to. They will remember that. 

 

How long did it take for them to complete module/activity? 

- 

Please tell me all of the concepts the program/activity helped you learn. 

Basically, we started around meiosis and they did Mendelian with this one and a little bit of post-

Mendelian. But mostly, Mendelian. 

** The only things that students come up with are dominant and recessive. They don’t come up 

with incomplete dominance.  

 

Yeah. Post-Mendelian is not stressed yet. I only went after linkages. That’s the only part of Post-

Mendelian that I started with. They hear dominant and recessive from their 7th and 8th grade. It’s 

never happened in my class that they haven’t heard of dominant and recessive. But a half of the 

class actually had some teachers who dealt with some of the Mendelian (concepts). So that part 

they understand very well and that stuck. They think that everything is either dominant or 

recessive and there is nothing in between. So the post-Mendelian in 9th grade…… because they 

are highly concrete thinkers. That spread of the spectrum is not there yet. When I started with 

linkage this morning, they thought I was introducing something new. So, even for the basic 

linkage, there are 3 genes, 2 are linked and 1 is not- that took some time to sink in. Then I will go 

for incomplete dominance and (later, cover) multiple genes. They are going to do a play as a 

genetic counselor.  

 

How many modules did the class complete? (NA for control group teachers) 
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All of them  (15/17). 

How many times did students access World Wide Web for more information? 

 

NA 

Did you find out the cause for dragon disease? What was causing it? How could the dragons be 

saved from the disease? (NA for Control group teachers) 

They never got to that…  

So, do you think, if given more time, you will be able to complete it? 

 

When they get into the genetic disease, giving them a lecture on anything doesn’t matter… 

means, you can give them a long lecture, they will take notes, and they will take a quiz on that 

and forget the whole thing. Then they will do a project on that and they will start incorporating 

those materials in their project. Then they see the application of those materials. Then you go 

back and repeat the materials, which then results in their “Aha!” moment. Then you ask them to 

correct the project. Then, their project comes back right… otherwise the project will be a mess. 

If Geniverse remains open, when they are doing other project, I try to make it more human and 

use zebra fish with skin color. Then I talk about pigmentation in human beings but I mix up post-

Mendelian – that happens to be the second round and ends up in a “aha” moment. The first round 

is a hazy bunch of things. 

 

At the end of disease part, mid April; we combine material from cell structure function all the 

way to DNA structure and get them to relate it to the cell cycle. So they use the cell cycle story: 

the S phase, now the replication is actually happening. So they take that and all other phases 

there are. Because of this disease, you need to learn about the transcription of all these things. 

That time I can teach the whole thing in a week – 1.5 and everything stacks up. 

 

Between the scales of 1-10, with 1 being the least and 10 being the most, how much of genetics 

do they know after completion of genetics unit? 

They understand the Mendelian part, definitely. Also, they understand the Mendelian 

inheritance. That is why they keep talking about dominant and recessive. They understand that 

genes get separated out in mom and dad via reduction division. Those things they understand 
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very well. Now beyond that, it’s questionable. Kai might have understood it quite well. Other 

students if you go down, maybe not. It is too much information, if they are not familiar with it. 

That is why you put in fictional stories that actually help to attach scientific stuff to them.  

 

What careers would they like to pursue when they grow up? 

Not answered. 

How do they feel about pursuing a career in science? Why?  

A lot of students don’t go for science at all. After they go to college, they come back to me and 

say that they are changing to liberal arts. Science is too hard. Everybody goes to college- that is 

not the question. That has never been a question. 40% stay in science and engineering. 

They have that dream of going into engineering, forensic sciences but bringing that material in 

the dream is very hard.  

 

How can Geniverse/activity be improved?   

 

Stories. Keep the storyline alive and do not make it very long. Short stories, in little chunks. 

Music works if a student likes music. The teacher can contribute to it by turning the music on for 

those kids. If some of the movements can be introduced, it can be more attractive and show other 

characteristics than just innate ones. Add various languages or sign language. 

 

If a teacher has to teach, Geniverse by itself won’t do it. The teacher has to bring those things 

out. If the students only work on Geniverse, they will get bored. Only one type of activity does 

not work. Teacher has to change the activity. If you guys only want to create a (self-sufficient 

Geniverse), then you have to add a variety of activities. Dragon is very interesting but you can 

add other activities, which can supplement this. 

 

 

**No preamble: depends on individual. Every student is so different from the other one. Some 

people love learning through songs and others hate it.  

I started straight from Mendelian system. I normally bring up my class more towards more of 

European or Indian style, gradually. You have to read… you have to start reading on your own 
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and one thing is a contract in all my classes- if you don’t pass the test, whether it’s essay, a 

report, or a multiple choice, if you don’t pass the test you do not get any grade from anything. I 

told them: If I am in front of you and you are working on Geniverse, I give you a test, if you pass 

it and get 50 points out of 100, I will give you extra points but without passing the test, the in-

class grades cannot be earned.  

 

Interview 3 

 

Date: 03/20/2013  

Name of teacher: C  

Name of High School: C  

Title of the course:  Biology  

Number of students in the class: 54 in experimental classes  

Approximate gender breakdown: Approximately equal  

Teacher’s educational background _Bachelor in Science, Masters in Education  

Teacher’s familiarity with technology: Not very good, average, Good, Very Good.  

 Teacher C: Average 

 

What feature of software did the students like the most?  

Teacher C: They liked the feature where they could make a claim and choose alleles for 

breeding. 

   

How was your experience of teaching with technology? (Positive or Negative or Neutral) And 

why?  

Teacher C: Very positive, as students these days do not like the chalk and talk method. They 

look forward to new and innovative methods of teaching and learning. 

 

Which module did the students feel was most challenging and why? How did they solve the 

problem?  

Teacher C: Case 13 was challenging for them. The concept of independent assortment and the 

probability of inheritance of each trait were confusing for them.  
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How long did it take for him/her to be masters in each module?  

Teacher C: Depending on the difficulty level it took somewhere from 20 minutes to two days for 

each module. 

 

Complete the sentence (list all concepts that come to your mind):  

Software helped them learn ……  

Teacher C:  Genotype, phenotype, dominant, recessive, test cross, homozygous, heterozygous, 

alleles, polygenic traits, incomplete dominance, sex-linked inheritance, independent assortment, 

meiosis, crossing over, probability. 

 

How many modules did the class complete?  

Teacher C: All 

   

How many times did students access World Wide Web for more information?  

Teacher C: They did not visit this website. 

   

Did students find out about the dragon disease and its cure?  

 Teacher C: No 

Between the scales of 1-10, with 1 being the least and 10 being the most, how much of genetics 

knowledge did the students gain after the intervention?  

Teacher C: 7-8 

   

What careers would they like to pursue when they grow up?  

Teacher C: Most of them were not sure. Some careers they had shown interest were : nursing, 

teacher, lawyer and civil engineers. 

   

After this experience in genetics, how inclined were they to pursue a career related with health?  

Teacher C: Not a lot. 

   

How can Geniverse be improved?  
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Teacher C: Geniverse is time consuming, as students build up their knowledge while actually 

doing modules in Geniverse. They were getting frustrated in the beginning, but later on they got 

hooked to it. I feel it would be better to teach them the basic concepts first and then build the 

other concepts while doing different modules. Incorporating some games in between where 

students can use their skills and understanding to win points. Better simulations and models.  

  

Interview 4 

 

Date: 2/26/13 

Name of teacher: D 

Name of High School: 04 

Title of the course: Biology 

Number of students in the class: 60 (in Experimental classes) 

Approximate gender breakdown Approximately half and half 

Teacher’s educational background Bachelor’s degree 

Teacher’s familiarity with technology: Very good. 

 

What feature of software did your students like the most? Why? 

They definitely liked the interactivity, like they saw the change they made to the genes, you 

know whatever they change right, the results usually resulted in some kind of offspring or 

picture….Umm… it was definitely a change from paper-pencil. 

 

 

Which did your students like the least?  Why? 

 

I think it is just getting into it was the hardest part. Right away they were hit with four different 

traits like it was you know….what does this mean, what…why… there are four different things 

and why do I have to solve all four of them at once and that was the major hurdle for each of 

them. In each module every time there was a different interface, getting used to the interface and 

how it worked. I don’t know how much of experience my students have with this type of drop 

down menu and even just dragging and dropping, lot of them don’t even read the instruction and 
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even fewer of them listen to me when I give them the instructions. So, it is very difficult to have 

them follow for simple basic steps of clicking and dragging down, scrolling down and changing 

the things with every different module with every different interface is the biggest problem. 

 

Overall, on a scale of 1-10, how would you rate your experience using Geniverse?  

 

My experience, umm… my experience 5, yeah I would give it a five, just because classroom 

management, umm mostly, getting the students to do something that they fully don’t understand 

it just lot of individual attention going to each student to get them to do the right steps and even 

when I had them working in groups other students had a lot of trouble explaining to the ones that 

didn’t get it what the concepts meant or they kind of did it for them and students were even more 

lost, know why or how to do it themselves. 

 

Researcher goes off script: 

How did you scaffold Geniverse? When did you teach the Punnett squares? 

I did not teach Punnett squares before starting Geniverse. I realized after like case 3 , when they 

started breeding the dragons then I introduced the Punnett squares. 

Umm… what was the question again?  

First I started with you know…I asked them just from the start what were the different alleles, 

different versions of each trait. Then I asked them you know….I had a worksheet to follow 

along… didn’t work that well because they used program instead of following along with the 

worksheet. But, I tried to scaffold like each different allele and which one was dominant and 

what would happen if you made each allele a certain way like heterozygous, homozygous. Umm 

then, they started breeding them, see now is the harder part, then I realized that they would need 

Punnett squares to see what the phenotypic outcomes would be but the hardest part for the 

students in that sense was to connect the two alleles in the Punnett square to two parents. I don’t 

think they got that concept very well. So, the Punnett square wasn’t really helpful in learning 

how to control phenotypic outcomes of the offsprings. 

 

 

How long did it take for you complete each module? 
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It varied from student to student 

 

Please tell me all of the concepts the program helped you learn. 

 

We got through dominant inheritance, Punnett squares, simple Mendelian inheritance, I think we 

got to some of the multiple alleles, yeah, the tails which was multiple alleles. I stopped when we 

got to colors (that was case 9 in Journeyman) that were incomplete dominance. I stopped there. 

Which one was sex linked?  

Huh, nose pike, yes, ….we got there. We went over it, but, I don’t think students fully 

understood. Major problem with that at least sex linked traits at least the Y chromosome no the X 

chromosome is not labeled. They just said no nose spike and then they didn’t know what it was 

till I pointed it out it was X chromosome but then they had trouble seeing that as the X 

chromosome was not pointed out where as Y was. 

 

How many modules did the class complete?  

We went past the training and apprentice and half way to journeyman. Some of then did it 

anyway (laughs) 

 

How many times did the students access World Wide Web for more information? 

Many times for their own little research (laughs) 

 

Did you find out the cause for dragon disease? What was causing it? How could the dragons be 

saved from the disease? 

 

I mean I knew but… 

 

Off script:  

 

R: What were the basic issues in implementing Geniverse? 
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T: Like attention issues (laughs), Kids had access to twitter, Facetime, youtube and yeah, if you 

were a kid and you had access to that and honestly like I can’t see all their laptops all the time so, 

even if I walking around the room like they will hide the windows, minimize them, yeah it was 

game to them. 

Attendance, we also have very big problem with cutting just like overall attendance and just with 

long term absences a program like this, it needs direct attention, like it would work if everyone is 

here everyday but when third of your students are either cutting or absent, what are you going to 

teach them the next day if most of them did not get what you taught on the first day. It takes too 

much to catch people up the next day, people who are already with it also lose it and eventually 

you lose everyone. 

 

Offscript: 

 

Did you have students who could not attempt Geniverse because of lack of familiarity with 

technology? 

I did ask them to do it at home, few of them told me that they don’t have internet at home, 

anyway they don’t do homework, I doubt even if they had access to internet at home they would 

do any better.  

  

Between the scales of 1-10, with 1 being the least and 10 being the most, how much of genetics 

do your students know after completion of genetics unit? 

 

Like 6 maybe because they did go through multiple alleles, simple Mendelian genetics and 

actually did more than dihybrid cross and did sex linked traits, I am sure if I went further we 

would have gotten into complete/incomplete dominance. So yeah, 6-7, the ones that weren’t 

covered more pedigrees, didn’t cover umm…pedigrees is the main thing, I did not get to 

codominance and incomplete dominance and I guess the Punnett squares. They learn much of 

notation of classic genetics 

 

What careers would your students like to pursue when you grow up? 

 



147	  
	  

Many of them say that they want to be nurses, healthcare I guess, in terms of academics not 

many I guess. Only one of the students expressed to become a ‘doctor’. 

 

 

How can Geniverse be improved?  

  

I would say, I would definitely include classic Mendelian genetics notations, like capital letters, 

low case letters, Punnett squares; I think that would help a lot. I think it would lot less confusing 

than the forelimbs and no forelimbs, and then definitely start with one trait in the beginning, four 

traits is too much. I think it would be good if there were demonstrations on the thing in the 

program so that you can see how it works before they actually do it. I show them how to do it but 

if it is there right in front of them…. 

Keeping the interface more consistent would be nice too, Especially the meiosis, I don’t think all 

that clicking is necessary to see the homologous chromosomes separate, get the mouse over, do 

it, pick the gamete, I think it would be easier to have one step thing and don’t have to drag the 

parent and form the offspring. Maybe have one button to complete the meiosis. 

 

 

 


