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ABSTRACT 

Education reforms in recent years have pressured schools to show achievement results 

through testing and conformity to standards. Problems of low student engagement in the 

current test-heavy environment have been a serious barrier to learning in schools across 

the United States, especially in low socioeconomic areas. After years of unsuccessful 

testing programs, educators and researchers are calling for approaches that enhance 

student engagement and foster the 21st century competencies that students need to 

succeed. 

Researchers have found that engagement, 21st century competencies, and learning 

can be enhanced using virtual worlds approaches (Arici, 2008; Barab, Dodge, & Ingram-

Goble, 2006; Dede, Nelson, Ketelhut, Clarke, & Bowman, 2004; Klopfer, Osterweil, & 

Salen, 2009; Ludgate, 2008). Research in learning supports socialization and situated 

experiences in which content is learned in a meaningful, active context such as is 

provided by virtual worlds (Brown, Collins, & Duguid, 1989; Gee, 2003; Lave & 

Wenger, 1991). 

This mixed-methods study used existing quantitative student data from the Quest 

Atlantis Project at Indiana University, and qualitative survey data from trained teachers 

experienced with the Quest Atlantis virtual worlds learning environment. Research 

questions addressed teacher observations of 21st century competencies, the degree that 

students were engaged with Quest Atlantis, and looked for other benefits seen by 

teachers. Findings showed (a) Quest Atlantis fosters 21st century competencies as 

reported by teachers; (b) Quest Atlantis is highly engaging for students; and (c) 

Academic content learned in Quest Atlantis transfers to traditional testing formats. Future 
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research is recommended to examine why teachers in this study reported relatively lower 

levels of student creativity. Additionally, because students of low socioeconomic status 

showed equal or better results in 21st century competencies, further study of 

socioeconomic variables relating to learning in virtual worlds is recommended. 

The National Education Technology Plan (2010) recommends fostering 21st 

century competencies and new learning approaches such as virtual worlds, games, and 

other interactive technologies. Continued study of virtual worlds holds potential for 

innovative solutions for improving student engagement and learning in America’s 

classrooms. 
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Chapter 1: Learning, Competencies, and Virtual Worlds 

The National Education Technology Plan (NETP, 2010) states: 

Technology can inspire imagination and intellectual curiosity, help people engage 

actively as learners, and open new channels for success or visions of career 

possibilities. For example, when students use the tools of professionals to engage 

in real-world problems, they can begin to see themselves in productive 

professional roles (‘I am a graphic artist,’ ‘I am a scientist,’ ‘I am a teacher’). 

Technology also provides opportunities for students to express themselves by 

engaging in online communities and sharing content they have created with the 

world. (p. 17) 

Public schools across the United States are striving to improve under pressures 

from legal mandates such as No Child Left Behind and nationwide initiatives from the 

Department of Education such as Race to the Top in 2009, the NETP in 2010, and 

Common Core Standards in 2009. The prime focus of these mandates and initiatives is 

improving student achievement in thousands of K-12 schools, in which students range 

from low to middle to high socioeconomic status (SES). However, even more defined in 

the past few years is the call for students in the United States to improve academically, as 

measured against higher performing students around the world (Duncan, 2010). With a 

shift occurring toward new skills, proponents of this economic world view of education 

say that leadership and innovation are in the hands of our current students, so their quality 

of education will have a direct affect on the future of the United States in the global 

community (Duncan, 2010; Friedman, 2005). 
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Call For New Competencies 

Academic levels of reading and math continue to be the targets of statewide 

standardized tests across the country. Organizations and researchers calling for school 

reform have begun categorizing academic skills in terms of competencies, using the term 

21st Century skills (Dede, 2009; Jenkins, Clinton, Purushotma, Robison, & Weigel, 2006; 

Partnership for 21st Century Skills, 2011; Voogt & Roblin, 2010). Dede (2009) states, 

“Beyond curricular issues, classrooms today typically lack 21st century learning and 

teaching in part because high-stakes tests do not assess these competencies” (p. 3). Shute 

and Torres (in press) concur with Dede, stating: 

Learning and succeeding in a complex and dynamic world is not easily measured 

by multiple-choice responses on a simple knowledge test. Instead, solutions begin 

with re-thinking assessment, identifying new skills and standards relevant for the 

21st century, and then figuring out how we can best assess students’ acquisition of 

the new competencies. (p. 6) 

Many believe that by teaching experiential skills to students as competencies instead of 

only isolated academics measured by test scores, then authentic improvements will take 

shape, improvements that can be measured in terms of what a student can do that will 

help in future careers, and in turn, help the economy. While many educators, writers, and 

researchers stand opposed to the Department of Education on students’ education 

methods being directly tied to our economic future, there is agreement that traditional 

education methods need to be reformed to be more in step with the 21st century 

(Hanushek, 2002; Kohn, 1992). If education reform approaches can make learning more 

relevant and connected to the lives of students, and thereby also increase student 
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engagement, researchers suggest that we can expect to see enhanced learning (Barab, 

Dodge and Ingram-Goble, 2006; Barab, Thomas, Dodge, Carteaux, & Tuzun, 2005; Dede 

et al., 2004; Gee, 2003). A side benefit of enhancing teaching and learning could be that 

educators might reach a broader range of students across socioeconomic boundaries, 

learners who have been disengaged and underserved by efforts relying on traditional 

methods and standardized testing. Figure 1 shows a comparison of traditional teaching 

and assessment and 21st century teaching and assessment implementing a collaborative 

virtual world environment. These are the conditions, needed competencies, and 

applicable learning approaches that will be discussed in this study. 

 

Figure 1. 21st Century teaching and assessment in virtual worlds. 

Engagement as part of the reform process. High student engagement in school 

is considered one prerequisite for success across the range of K-12 students, whether they 
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are of low or high SES. Engagement can diminish with traditional teaching modes and be 

even worse among students from low socioeconomic conditions. Doherty and Abernathy 

(1998) stated: 

Low-performing schools are often located in communities where families live in 

concentrated poverty; there are usually low expectations for students; students are 

not encouraged to take demanding courses; many teachers are burnt out; and 

school facilities are run-down, overcrowded, and disorderly. (p. 25) 

According to Willms (2003): “When students are segregated along social-class lines into 

different schools or educational programmes, students from disadvantaged backgrounds 

tend to have markedly worse outcomes” (p. 10). Earlier, Willms (2002) used the phrase 

double jeopardy to describe low SES students who are in schools of predominantly low 

SES populations; there is a much higher probability of these students being disengaged 

and exhibiting low performance in school with these double factors. Because engagement 

is connected to activity level, concentration, and student performance, increasing 

engagement has the potential to lead to higher scores, improve student attendance, and 

address high student dropout rates (Bridgeland, Dilulio, & Morrison, 2006; Finn & 

Voelkl, 1993; Fredricks, Blumenfeld, & Paris, 2004; Ingels et al., 2005; Willms, 2003). 

However, disengagement is not confined to low socioeconomic schools. Yeh 

(2008) found that low student engagement exists across the U.S. educational system and 

noted that creating situations of engagement for students should be an important goal in 

education. In other research, longitudinal studies of student engagement in early 

elementary years showed that problems with engagement have negative long-term effects 

on achievement. The Beginning School Study (as cited in Alexander, Entwisle, & 
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Dauber, 1993; Alexander, Endwise, & Horsey, 1997) showed that student engagement in 

first grade was related to achievement test results as they progressed through Grades 1, 2, 

3, and 4, as well as subsequent decisions to drop out of school (Fredricks et al., 2004). 

New methods yield higher engagement: Games attract students. Changing 

how learning happens in schools requires new ways of thinking, changing old ways, and 

acting in new ways (Doherty & Abernathy, 1998). Educational games have been one 

strategy tried in schools, as educators strive to push students toward higher achievement. 

This direction shows great promise (Gee, 2003). In a study of elementary students ages 9 

to 12 in Boys and Girls Clubs, Dr. Sasha Barab examined social likes and dislikes, 

favorite magazines and books, and preferred video games that students chose in their 

leisure time (Barab, Thomas, Dodge, Carteaux et al., 2005). From what he learned about 

the students’ involvement with video games, he argues that video games represent a 

learning form that engages students and deserves attention from educators. Vandeventer 

and White (2002) concur with Barab in findings from their study of 10- and 11-year-old 

students whom the authors called highly proficient video game players, in which the 

subjects displayed expert behavior in teaching adults how to play video games. The 

researchers observed proficient behaviors in self-regulation, qualitative thinking, and 

decision making, all desired characteristics of successful students. 

Computer learning approaches in elementary, middle, and high schools have 

typically been video games designed for factual content and explicit test practice (Klopfer 

et al., 2009). Multiple-choice and fill-in-the-blank software for standardized test practice 

in math, reading, and other subjects has been available to schools for years, while outside 

of schools, noneducational commercial video games continue to rise in popularity and 
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sales. Video gaming among youth in elementary through high school years, from the 

1980s through the present, provides educational benefits even though the majority of 

video games are not specifically designed for education (Barab, Thomas, Dodge, 

Carteaux et al., 2005; Gee, 2003; Herz, 1997; Shaffer, 2006). Given that youth spend 

significant time with video games, Barab and others argue that commercial gaming 

companies are, in a sense, educating young people (Barab, Thomas, Dodge, Carteaux et 

al., 2005). Additionally, although commercial games with educational potential do exist, 

there remain too few examples that would satisfy teachers and parents, and support 

engaging academic learning (Barab, Dodge, Turzun et al., 2007). 

Educational Technology, 21
st
 Century Competencies, and Engagement 

Finding new methods and technologies that can enhance student achievement, 

boost test scores, and foster student engagement has become an important focus and 

direction for the U.S. Department of Education as elaborated in the National Education 

Technology Plan. The focus has become concentrated on describing a set of 

competencies and literacies known as 21st century competencies (Partnership for 21st 

Century Skills, 2011; Voogt & Roblin, 2010). Teaching and providing authentic 

experiences for students to learn and use 21st century competencies are key goals of the 

National Education Technology Plan. These competencies underpin the broader learning 

goals for students across the United States, particularly for how they measure against 

students from other countries. 

New assessments yield higher engagement. Current uses of technology to meet 

the mandates and challenges of No Child Left Behind laws and the Race to the Top 

initiative from the Department of Education, as well as the current raise-the-bar strategy 
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of increased standardized testing is not improving the situation (Bracey, 2009; Dede, 

2009). Innovative applications and approaches that combine learning theories of situated 

and distributed cognition with high interest, educationally research design curriculum are 

explicitly called for in the National Education Technology Plan. 

Since the advent and expansion of the No Child Left Behind Act of 2001, there 

have been pressures to increase student achievement through various means, including 

standardized testing, increased teacher effectiveness, fostering alternative or charter 

schools, and most recently, implementing technology strategies specified in the National 

Education Technology Plan. It is from the educational technology, social learning, virtual 

worlds perspective that this study seeks to add to the knowledge base of effective, 

equitable technology learning situations that can be implemented in schools to meet 

needs of a variety of SES students. This deviates significantly from current technology 

approaches that focus on repetition on isolated skills for so-called content mastery 

represented by increasing test score numbers. This study aims to cast light on learning 

research in authentic situations aided by virtual environments in which students are 

immersed in 21st century competencies, integrating reading, writing, thinking, navigating, 

and negotiating in modules of science, social studies, math, language arts, and character 

education. Demographics play a role in this study because of the high degree of 

disengagement in schools found in low socioeconomic groups (Willms, 2002). 

Information gained from this study could be potentially useful as educators make 

selections among educational technology software; that is, understanding that some kinds 

of software are more effective at engaging the wide array of demographics found in 

public schools. Then educators can make informed choices among a variety of software 
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solutions being marketed to schools: those that authentically engage diverse groups, and 

those that drill on skills specifically to raise test scores. 

Immersive virtual worlds change instruction and assessment. Since popular 

commercial video games generally do not meet educational requirements, researchers 

argue that new games designed in the fashion of popular commercial games, but 

integrating academic content, would be welcomed and endorsed by educators and 

parents, and such games could help with the problem of diminishing engagement in 

schools (Barab, Arici, & Jackson, 2005; Dede 2009). However, more than engagement is 

needed; educators need to see academic results. The U.S. Department of Education (as 

cited in National Education Technology Plan, 2010) contends that using technology and 

teaching 21st century competencies can lead to the academic results educators seek. 

While skills-based drilling games are the predominate type available in schools, 

the landscape is changing. With technology advancements and the rising popularity of 

Internet-based multiuser games, skills-based educational games are no longer the only 

option. Educators have more sophisticated choices. Among those choices, teachers can 

help students become proficient at problem solving and inquiry skills if conditions are 

simulated properly. One effective way is by having students assume the role of the 

experts working in an authentic virtual circumstance; that is, the students are working in 

similar conditions as real-world experts (Blumenfeld et al., 1991; Dede, et al., 2004). 

Gerstein (2009), in her study of students using virtual worlds, observed evidence of the 

participatory culture of the 21st century as labeled by Jenkins et al. (2006), a situation that 

also illustrated Lave and Wenger’s (1991) tenet of novices and experts working together 

in a connected community. Dede et al. (2004) wrote that subpopulations of students 
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unmotivated by traditional classroom practices, as well as special needs students, could 

benefit from learning in an immersive virtual environment because of the accommodating 

benefits for both groups. 

With the advent of the immersive virtual environment, students have a 

sophisticated range of interactive opportunities, providing educators with choices that go 

beyond exercising explicit skills and practicing for tests (Dede et al,. 2004). Klopfer et al. 

(2009) argued that the design of many popular virtual worlds have “engaging game 

mechanics that are ripe for both formal and informal learning environments” (p. 6). 

“These next generation ideas are already inspiring educational innovation, and 

demonstrating that educational games have learned a lot” (p. 6). Significant examples of 

educational virtual world learning environments include Indiana University’s (Quest 

Atlantis) Harvard’s (River City and EcoMUVE), and the California Institute of 

Technology’s (Whyville). Each of these incorporates avatars in a virtual world, social 

networking among players, using tools, simulations, and academic content. Also central 

to these virtual worlds is the concept of play, where students are free to take risks with 

learning and try new identities or roles (Arici, 2008; Barab et al., 2006; Lave & Wenger, 

1991). Vygotsky (1978) sees play as an important part of learning, observing that 

children at play, in assuming new roles, exhibited levels of thinking and performance 

beyond their age levels. Gee (2003) and Klopfer et al. (2009) argue similarly that games 

provide students with opportunities in risk-free scenarios to explore and experiment as 

both novice and expert, engaging in activities that are key to being a successful student, 

activities which that develop the abilities described as 21st century competencies 

(Partnership for 21st Century Skills, 2011; Voogt & Roblin, 2010). 
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Learning and Virtual-Worlds Terms 

The following is a brief listing of basic terms relevant to this study pertaining to 

learning theory and virtual worlds. This section is intended to be useful to the reader, 

while not an exhaustive set of definitions for the study. 

1. Situated cognition or situated learning: learning is inseparable from doing, 

that knowledge is situated in activity as it occurs in social and cultural 

contexts. Learning is deeper when the content to be learned is situated in a 

meaningful, useable context for the learner (Brown et al., 1989). 

2. Distributed cognition: a way of looking at learning such that knowledge is not 

confined to an individual, but is instead spread or distributed across human 

beings involving personal memories, objects, and tools of the culture or 

environment. This concept points toward socialization as important for 

learning as opposed to solitary learning (Lave & Wenger, 1991). 

3. Community of practice: describes a social learning situation in which people 

create an ongoing community focused on a common interest. The community 

is composed of experts and novices and provides for varying levels of 

interactions and input. A well-developed community of practice continues on 

as members join and leave the community over time (Lave & Wenger, 1991). 

4. Transfer of knowledge: content leaned in one context may be used in another 

context, such as a concept learned in school would be intended for use 

elsewhere (Brown et al., 1989). 

5. Decontextualization: in descriptions of learning, this describes when content is 

delivered or taught in a context in which it is not actually used or experienced. 



 

 

11

Traditional classroom teaching in schools has been described as 

decontextualized. 

6. Virtual world: a computer-based simulated environment, sometimes called a 

3-D virtual environment. Users, in the form of computer-simulated characters 

called avatars, can enter the virtual world using login and password 

information and interact with other avatars as well as exploring the computer-

generated physical attributes of the environment. Depending on the design, 

avatars can travel, communicate with each other, and modify the environment. 

Virtual worlds are used for educational training purposes as well as for 

commercial entertainment purposes (Malaby, 2009). 

7. Game-based learning: refers to embedding intentional content into an 

interactive attractive game format for students. Real-world contexts are 

depicted and clear learning outcomes are designed as part of the process of 

playing the game. User advance in the game depending on their successes in 

solving the problems and interacting with challenges of the game (De Freitas, 

2006). 

The Purpose of this Study 

Educators agree that engagement is critical to learning, but most of the prior 

engagement studies in schools have been done broadly in regard to teaching methods, 

generic technology use, and drop-out rates (Bowen, 2002; Finn, 1993). However, the 

question of learning coupled with the acquisition of 21st century competencies has not 

been specifically addressed. To that end, this study uses a framework of situated and 

social learning theory (Brown et al., 1989; Lave & Wenger, 1991) to examine engaged 
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students working in immersive virtual worlds, practicing and learning 21st century 

competencies. Quest Atlantis was chosen as an exemplar virtual environment for this 

study because, among virtual approaches, it has had the widest acceptance in the United 

States and around the globe with more than 60,000 students using it worldwide. 

Defining 21st century competencies. Voogt and Roblin (2010) conducted a 

theoretical analysis of existing literature regarding the definition of 21st century skills. 

They looked at how 21st century skills were defined by different organizations, as well as 

how organizations recommend that 21st century skills be implemented and assessed. The 

theoretical frameworks studied were the National Education Technology Standards, the 

National Assessment of Educational Progress, the Partnerships for 21st Century Skills, 

EnGauge, and the Assessment and Teaching of 21st Century Skills. The authors reported 

that the “frameworks seem to converge on a set of 21st century skills (namely: 

collaboration, communication, ICT literacy, and social and/or cultural competencies, 

including citizenship). Most competencies also mention creativity, critical thinking, and 

problem solving” (p. i). A set of 21st century competencies gleaned from this literature 

review will be used in a survey of Quest Atlantis classroom teachers to see which skills 

were observed in students as a result of working in the virtual worlds environment. 

Research Questions 

Researchers contend that immersive virtual environments are highly engaging and 

present students with chances for deeper learning and problem-solving opportunities not 

typically found in school classrooms (Arici, 2008; Barab, Arici, & Jackson, 2005; Gee, 

2003; Klopfer et al., 2009; Prensky, 2001). This study seeks to answer the following 

questions: 
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1. To what degree do the teachers of students who use Quest Atlantis observe 

21st century competencies acquisition? 

2. To what degree are students engaged while learning with Quest Atlantis? 

3. What other benefits do teachers and practitioners see from students working in 

Quest Atlantis? 

Existing data was used to help answer these questions. Fifteen elementary 

students, ages 9–10, all knowledgeable Quest Atlantis players, were studied in their usual 

classroom as they worked on virtual worlds genetics missions, facilitated by a trained 

Quest Atlantis teacher. Students were given pre- and posttests on genetics, their actions 

were recorded on video, and their cognitive state while working was examined using a 

Likert-style engagement survey (see Appendix E). A follow-up survey was conducted of 

selected, experienced Quest Atlantis teachers to discover the degree to which they 

observe their students exhibiting 21st century competencies as a result of working with 

Quest Atlantis. 

Significance of the research. The research questions position Quest Atlantis as a 

possible approach for addressing low engagement and learning in general, including 

lower socioeconomic groups and schools, as a way to reach beyond ineffective drilling 

and testing, while implementing learning theory research of Brown et al. (1989) and 

others. Learning theory concepts include personal identity, using tools, cultural 

connections, and simulating situations (a kind of virtual situated cognition), which lead to 

deep learning.  

Data gathering and assessment is still a high priority for the Department of 

Education. Included in the recent National Education Technology Plan are references to 
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differentiated learning, simulations, and social learning. Quest Atlantis gathers data 

constantly on student performance (an e-portfolio approach), but not in a testing manner 

that gets in the students’ way of learning experiences. Information gathered can then be 

used to assist in decisions about, for example, the best course to take or the best method 

to use when approaching low performing schools. 

Organization of the Study 

The remainder of this study is organized as follows. Chapter 2 is a literature 

review of student engagement, situated learning theory, the relationship of 21st century 

competency acquisition by students in virtual worlds, and a review of research on the 

immersive-worlds learning environment, Quest Atlantis. Chapter 3 describes the 

triangulation mixed methods design of the study: data collection methods, instruments, 

the subjects, and timeline of the study. Chapter 4 presents the results and analysis of the 

data. Chapter 5 presents conclusions, recommendations, and implications for educational 

game designers and for future research. 
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Chapter 2: Review of the Literature 

            “Learning is a deep human need, like mating and eating, and like all such needs it 

is meant to be deeply pleasurable to human beings.” (Gee, 2005, p. 29). 

Student learning in K-12 schools has been under scrutiny in recent years, as 

evidenced by rigorous state and federal efforts to increase achievement through testing 

and accountability. Educators acknowledge that student engagement is a prerequisite for 

meaningful learning and achievement to occur in schools, which has led to studies on 

how, why, and under what conditions students are engaged. As technology use increases 

in K-12 education to foster student engagement and achievement, one strategy receiving 

attention in recent years is a computer approach known as the virtual environment. 

Research has shown that substantial levels of sophisticated learning occurs in commercial 

style games, and recently, more research indicates the same for educationally designed 

games with embedded academic curriculum. While studies with elementary students have 

indicated that engagement is occurring, there has been little in-depth research on 

engagement as it intersects with social learning in virtual worlds to foster competencies 

called 21st century skills. 

This purpose of study is to examine specific learning experiences of elementary 

students who are engaged and using 21st century competencies in problem-solving 

missions while exploring virtual worlds. Other researchers have examined students in 

virtual worlds (Annetta, Mangrum, Holmes, Collazo, & Cheng, 2009; Arici, 2008; Dede, 

Ketelhut, Clark & Bowman, 2003; Gee, 2003) and noted positive responses and increased 

engagement, but this study seeks to extend and add to that research by focusing on the 

acquisition of 21st century competencies. As the remainder of this literature review will 
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show, the intersection of engagement, social learning, and virtual worlds can provide an 

effective approach to learning by increasing student engagement in terms of classroom 

learning and assessment. As the National Education Technology Plan (2010) states, 

“Assessment: Measure What Matters” (p. 25). This researcher strives to understand if 

higher engagement occurs when students practice 21st competencies and are assessed 

formatively and frequently instead of participating in high-stakes, once-per-year 

assessments. 

Engagement and Learning 

While research has been done on student engagement in schools, much of it has 

been broad examinations of student behavior and time on task, or studies that relate 

engagement to classroom teaching methods, interest in textbooks, dropout rates, or 

technology use. It is generally agreed that engagement is critical to the achievement and 

success of all students (Arici, 2008; Barab, Thomas, Dodge, Carteaux, et al., 2005; Dede 

et al., 2003; Newmann, Wehlage, & Lamborn, 1992). 

This literature review seeks to (a) define the various meanings of engagement, (b) 

provide a situative learning framework for understanding engagement in virtual 

environments, (c) define the meaning of the phrase 21st century competencies, and (d) 

examine the possible benefits to students and schools who are the main targets for reform 

under the U. S. Department of Education initiatives. 

Encouraging Engagement 

Engagement in school is thought to be a solution to declining test scores, student 

attendance problems, quitting school, and lack of effort in the classroom—in short, a fix 

for many of the missing qualities in students (Fredricks et al., 2004). Creating 
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engagement in students is, therefore, a standard goal for all teachers. Longitudinal studies 

of student engagement in early elementary years have shown that problems with 

engagement can affect achievement over the long term. The Beginning School Study 

(Alexander et al., 1993; Alexander et al., 1997) showed that the engagement of first grade 

students was related to achievement test improvement during years 1 through 4, and later 

decisions to drop out of school (Fredricks et al., 2004). Clearly, then, if engagement is 

low in early years, and is not positively modified during this time, the subsequent years 

of middle and high school may be expected to show continuing diminished student 

achievement. 

Finding new methods and materials to foster engagement, as well as upgrading 

teacher skills to use these new materials and methods, has become an important goal for 

educators. With the growth of Internet applications and tools, the increase in broadband 

availability, and the spread of new Internet tools for education, an increasing number of 

K-12 teachers are expected to incorporate technology into classroom instruction. For each 

grade level or subject, teachers are increasingly being asked to implement optimal 

learning experiences (De Freitas, 2008). An optimal learning experience defined by an 

educator focused on standardized test scores is different than the same phrase defined by 

an educator implementing a situated learning approach. Optimally engaging experiences 

are those that connect with the lives of students and have meaning that is embodied (Lave 

& Wenger, 1991) and in which students can be observed as being in the flow, or lost in 

their learning experience, much the same way as readers express that they are lost in the 

reading of a good book. The engagement in a flow situation also works to replicate itself 

in that, as the participant completes or finishes an experience of flow, the level of flow 
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(good feeling) can subside, resulting in a participant’s renewed effort or search to 

reestablish the feeling of flow (Csikszentmihalyi, 1990). By contrast, an educator 

concentrating on raising standardized test scores will position most learning sessions in a 

decontexualized mode; that is, the content is covered outside the life connections of the 

student, the result being a nonflow experience and diminished retention of knowledge 

(Barab et al., 2006; Brown et al., 1989; Lave & Wenger, 1991; Perkins, 1993). 

Terms and Meanings of Engagement 

The term engagement has been defined in many ways by many different 

researchers, depending on the context of the study. Engagement may be viewed in terms 

of functional descriptors such as emotion, behavior, or cognition (Fredricks et al., 2004). 

Emotional engagement can be thought of as a student’s reactions to peers, teachers, and 

connectedness to the school environment. Emotional engagement might be how a student 

feels in school—either welcomed by teachers and peers, or feelings of remoteness. 

Behavioral engagement is considered to be related to dropping out, social activities, and 

thought to be a critical factor of academic success. Students who act out aggressions or 

withdraw purposely, or separate themselves from known accepted groups are examples of 

nonengaged or disengaged behavior. Engagement in terms of cognition relates to a 

student’s inclination and effort toward comprehending and learning academic topics, self-

regulating his or her actions, and exhibiting academic strategies. When students are 

observed exhibiting extended time on task requiring careful thinking and are focused on 

authentic, meaningful tasks, this, according to Corno and Mandinach (1983), is evidence 

of engagement. In looking at the definitions here from different studies, a problem of 

distinction exists because some studies combine emotional, behavioral, and cognitive 
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engagement, while others may focus on a subset. An engaged, authentic learning 

situation, as described by Jones, Valdez, Norakowski, and Rasmussen (1994), will 

include challenging work, immediate feedback, learning choices, and social interactions. 

Still, there are more ways of defining engagement. 

Some researchers have looked at student interviews and data on staying in school 

or dropping out as a perspective on engagement (Wehlage, Rutter, Smith, Lesko, & 

Fernandez, 1989). Connell (1990) and Eccles and Midgley (1989) studied how 

engagement is affected positively or negatively based on individual student needs in a 

given context. Studies looking at engagement in terms of students’ intellectual responses 

to instruction methods and assigned tasks were done by Newmann (1992) and Newmann 

et al. (1992). There is crossover in these studies as follows. For example, Eccles and 

Midgley’s study did not address drop out potential, but looked at similar variables as did 

Finn (1993). On the same line of reasoning, Newmann’s observations of intellectual 

responses were done in similar environments as Connell’s examination of student needs 

compared to context. These overlaps are pointed out to show how engagement is clearly 

not an easily defined concept among educators and defining it can be highly dependent 

on what the researcher seeks. 

Learning Theory Framework - Situated Learning 

Researchers examining situated cognition (Arici 2008; Brown et al., 1989; 

Klopfer et al., 2009; Lave & Wenger, 1991) have argued that a major reason for student 

dissatisfaction in schools and why students may perform below expectations is partly 

because the curriculum is disconnected from their lives. Gardner (1999) points to years of 

research showing that although students may score acceptably in a curriculum designed 
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for testing, they remain operationally disconnected from the topic areas and show little 

success in putting the knowledge to real use. In other words, many classroom skills 

acquired, based on a rote approach, fail to transfer to real life, especially in Gardner’s 

research, which points toward a lack of matching of learning styles with one-size-fits-all 

classroom approaches. 

According to situated cognition research, the disconnection lies in the 

compartmentalizing or separation of curriculum content apart from the situations or 

context in which that content would normally be used. The researchers argue that 

meaning is lost in this decontextualization of content—ultimately engagement, learning 

and student achievement are minimized (Barab et al., 2006; Brown et al., 1989; Lave & 

Wenger, 1991; Perkins, 1993). In an effort to find ways in which to reconnect content 

with context, there is growing interest in the study of virtual environments, which are 

thought to stimulate engagement in academic learning (Gee, 2003) while immersing 

students in situations for distributed cognition. Greeno, Collins, and Resnick (1996) 

concur with Gee from a constructivist point of view; it should be recognized that students 

have natural tendencies to be engaged in learning when the environment is conducive, 

and by contrast, a diminished tendency in a less conducive environment. Why do students 

pursue some activities? Intrinsic motivation to pursue an activity, according to Malone 

(1981), is evident when students engage in it for its own sake, not for external reasons 

such as grades. In addition Malone indicates that intrinsically motivated students are 

more likely to concentrate longer on the activity, and to transfer what they are learning to 

uses beyond the activity, demonstrated in their real lives. 
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Dede’s (2009) work concurs with Malone (1981) on the transfer and usability of 

knowledge, and agrees with Barab et al. (2006) and Arici (2008) that intentionally 

designing immersive experiences that are situated in activity, the human senses, and 

symbolism can increase the participant’s feeling of presence, of being in the virtual 

setting, and interacting with its characters, its challenges, and its rewards. Dede (2009) 

extends the case for immersion in digital environments for deeper learning to include the 

idea of multiple perspectives: learning that is enhanced when a student is able to change 

his point of view or frame of reference at will. This can be accomplished by seeing an 

object or location from the inside, such as a village in a virtual world, or viewing that 

same object or location from a distant point in the virtual world, which additionally 

speaks to the idea of distributed knowledge located throughout the environment, available 

for exploration and choice, rather than the being isolated in prearranged lessons. The 

student has control of what lies ahead, can change direction, and can adjust progress - 

opportunities not found in a regular classroom situation. 

Gee (2003) uses the term semiotic domains to describe an area in which a learner 

achieves, as a result of his or her immersion and engagement, a level of mastery among a 

number of related and associated concepts or knowledge areas. He describes a semiotic 

domain as “a set of principles or patterns in terms of which materials in the domain are 

combined to communicate complex meanings” (p. 1). The semiotic domain is not one of 

rote memorization, but one of meaningfully synthesized concepts and skills that a learner 

can freely use in the activity of the domain. Gee points to examples such as literary 

criticism, biology, theology, advertising, modernist painting, midwifery, and video 
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games. In any of these, the participant is situated in a combination of culture, language, 

experience, identity, and participation on different levels. 

Arici (2008) agreed with Gee’s (2003) and Corno and Mandinach’s (1983) 

arguments regarding engagement as a phenomenon of sustained attention, but Arici 

(2008) added that engagement “extends beyond cognitive boundaries, and includes 

additional elements such as play and even altruism” (p. 41). Arici ties engagement to the 

notion of embodiment of the student’s experiences while in a virtual learning world in 

which a student speaks of actions completed on a computer with avatars, as though those 

actions and their associated emotions were enacted in the physical world. In Arici’s 

observations, she reports that students felt they had played, worked, and helped others in 

the virtual world of Quest Atlantis, as though they were there. Being in the virtual world 

was real to students, like a lived-in place, a situation for context and content to come 

together. Engagement was obviously happening, but it was not clear what effect the 

engagement had on learning, specifically on abilities called 21st century competencies. 

Virtual Worlds Versus Test-Based Computer Games 

How students interact with computer technology and especially with video games 

has attracted the attention of many education researchers and writers in recent years 

(Arici, 2008; Barab, Dodge, Thomas, Jackson, & Tuzun, 2007; Gee, 2003; Ketelhut, 

Dede, Clarke, Nelson, & Bowman, 2007; Laurel, 1998; Lucas & Sherry, 2004; Prensky, 

2001; Shute & Torres, in press; Woodard & Gridina, 2000). At Indiana University, 

researchers and designers (Barab, Dodge, Thomas, et al., 2007) have taken this interest 

forward in design research with the creation of their educational virtual world called 

Quest Atlantis. The educator-researchers who designed Quest Atlantis were interested in 
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making a virtual world that took advantage of kids’ attraction to video games, while 

facilitating differentiated learning and empowerment. Included in the goals were ideas to 

use a multiuser environment in which students worked on missions in social commitment 

scenarios designed to help them value their communities and understand that they have 

meaningful ways to contribute to their communities, and to their world, to develop global 

awareness. By providing a context of community and purpose first, the researchers then 

had a structure in which to begin integrating knowledge, skills, and competencies. 

In another educational virtual environment called River City (Ketelhut et al., 

2007), researchers embedded academic content in a science-based virtual world. Both 

Quest Atlantis and River City were introduced into pilot schools, offering opportunities 

for students and teachers to experience the new learning worlds, while providing 

researchers with easy access to user data. Data gathered from student interactions shows 

students consistently communicated on topics related to actions or doing tasks, as well as 

on communications focused on conversation and issues in social relationships (Arici, 

2008; Ketelhut et al., 2007). They were talking to each other while they were doing 

science tasks and internalizing science concepts—and doing so in a combination of 

electronic communication and face-to-face conversation. 

In recent years, as schools have felt pressure to focus on test scores, most 

computer usage in labs and classrooms has been in the form of practice and drill 

programs designed to support facts and sequential skills (Jonassen, 1988; Klopfer et al., 

2009; Prensky, 2001). Drilling software is vastly different from recent virtual-world 

designs that utilize simulations, rich graphics, detailed narratives, interactive characters, 

changing consequences per user input, embedded academic content, and have the social 
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network component of multiple users on the Internet, as opposed to a stand-alone local 

computer installation. Klopfer et al. (2009) have written about the overwhelming appeal 

of virtual games as compared to the static, sequential nature of educational drilling 

software. Clearly, virtual worlds are more thought provoking, more engaging. Virtual 

world environments present a completely different experience than the stand-alone 

computer learning programs typically installed on school computers for drill and memory 

retention. Testing-based, drilling software programs concentrate on step-by-step 

repetition, repeating and quizzing on previous patterns, and are usually figured out 

quickly by elementary students. For example, students running a stand-alone math or 

science program are generally interacting with preset screen order, simple multimedia 

feedback, and multiple choice functions. This is a nonsocial interaction of a student with 

an isolated machine. 

Other examples of Internet-based virtual worlds not designed for school-based 

education, but that are highly popular among elementary students, are member Web sites 

such as Club Penguin and NeoPets, both evidence of young students’ attraction to virtual-

world communities. These virtual worlds are considered typically just playing and, 

therefore, not found as a part of classroom learning. Clearly, virtual worlds offer 

something completely different: they offer a sense of place, of new worlds to explore. 

They offer a venue in which many users from multiple locations are in-world actively 

exploring, moving about in virtual spaces, involved in scenarios, and all while assuming 

new identities, socializing, manipulating a personal avatar, solving problems, helping 

each other, and making choices that affect the direction and outcome of the game. 
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Educators have mixed responses as to the usefulness or appropriateness of games. 

However, research indicates that participation in a virtual gaming environment aligns 

with constructivist-based learning: it offers students opportunities for trial and error 

experimental learning in real time and at a pace of their choosing (Annetta et al., 2009). 

Researchers also argue that video games are an excellent medium for formal 

academic education using situated learning theories (Arici, 2008; Barab et al., 2006; 

Barab, Thomas, et al., 2005; Squire, DeVane, & Durga, 2008), and video games can 

provide effective informal learning (Annetta et al., 2009; Gee, 2003). In a situated 

learning instance, a person interacts with content as it is used in a given context, which 

differs from traditional schooling in which content is delivered outside of a meaningful 

context. 

Dickey (2005) argues that students are engaged in games because of “role 

playing, narrative arcs, challenges, and interactive choices within the game, as well as 

interaction with other players” (p. 1). Role playing takes the learner beyond himself or 

herself and into a kind of participation that allows for being in a new identity, which is 

especially true in virtual worlds when students interact with the virtual environment 

through a personal avatar. The new identity, in an educational perspective, can place the 

learner in a context where he is the scientist, the mathematician, the artist, the writer, the 

traveler, the detective, and so forth. Lave and Wenger (1991) view this identity as part of 

legitimate peripheral participation, a changing learner’s role among various levels of 

expertise from novice to expert. Barab, Zuiker, et al., (2007), Arici (2008), and Soderberg 

and Price (2003) have addressed the identity concept as key to deeper learning, an 
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approach where students can virtually become people in realistic situations in the acts of 

problem solving, socializing, and sharing knowledge. 

Other researchers (Gee, 2003; Van Eck, 2007; Vandeventer & White, 2002) argue 

that video games do more than just motivate, they help foster specific content acquisition 

and skills needed in real-life situations. Gee (2003) argues that learning in a gaming 

situation provides a practice field that is not normally seen in a school classroom: 

“Learners can take risks where real-world consequences are lowered” (p. 207). Land’s 

(2000) arguments for using a blend of learning methodologies aligns with the gaming 

model because the player is central in the environment and a main actor in the 

construction of meaning. 

Commercial multiuser virtual worlds games such as World of Warcraft and Final 

Fantasy are well known among video game players and are also recognized by 

researchers as having significant learning benefits (Gee, 2003), but these virtual-world 

examples have not been generally accepted in schools as viable methods for K-12 

teaching and learning because of the use of weapons, violent character interactions, and 

inappropriate language. The dynamic aspects of video games make them ideal interactive 

learning environments, complete with narrative, challenges, characters, tools, and 

collaboration with peers. In sum, the engaged learner, using a well-designed video game, 

is demonstrating the high-level skills expected of a successful student (Squire et al., 

2008). 

Educational Virtual World Environments 

To go beyond the perceived noneducational aspects and to highlight the learning 

aspects, some educator-researchers have worked with designers and virtual world 
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programmers to create environments designed for education. Their ideas incorporate 

academic content, develop collaboration skills, appeal to students socially, and allow new 

forms of learning while engaging students to take on challenging, meaningful work, and 

while practicing collaboration. Barab, Thomas, Dodge, Newell, and Squire (2004), with 

the Quest Atlantis Project at Indiana University, and Dede et al. (2003), with the River 

City Project at Harvard University, are in the forefront of educator-researchers who are 

embedding academic content, based on distributed and situative learning theory, into 

multiuser virtual environments for student engagement and learning. 

Harvard researchers (Dede et al., 2003) concur with Gee (2003), Van Eck (2007), 

and Shute and Torres (in press) in studies of student interactions in a virtual science 

environment called River City. The development team for River City utilized the talents 

of education researchers, instructional designers, computer programmers, museum 

archivists, graphic artists, scientists, and middle school science teachers from public and 

private schools. The structure and approach of River City was based on media similar to 

what was already engaging students outside of school. In process with River City, Dede 

et al. (2003) turned their attention on, 

…students [who] are disengaged from schooling and typically are difficult to 

motivate even by good teachers using inquiry-based pedagogy. We are studying 

whether educational MUVEs with deep content and challenging activities that 

resemble the entertainment and communication media these students use outside 

of school can reengage them in learning. (p. 2) 

Quest Atlantis is of prime concern to this study because, different from River City, which 

is not currently in a developing mode, Quest Atlantis is an ongoing research design 
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project that is growing in its distribution in schools in the United States and in other 

countries. As a research design project, current data from installed school sites are 

constantly being examined by educators, programmers, and designers at Indiana 

University to advance and improve the experience for effective student learning. The 

existing data for this study came from interventions done by researchers specifically to 

inform the quality of the developing Quest Atlantis program. 

Quest Atlantis: Details of the Learning Environment 

Quest Atlantis is a research project focusing on learning and teaching. It is a 

virtual environment designed for students, ages 9 through 16, and is available from 

Indiana University’s Learning Sciences Department on the Internet at 

www.questatlantis.org. Figure 2 displays the opening screen of the Quest Atlantis Web 

site. It provides access for educators, students, and interested parents to download the 

program and learn about Quest Atlantis. In contrast to commercial games, Quest Atlantis 

offers an overview of the program, related text materials to download, links to 

educational research papers, and connections to related educational resources intended 

for continued teacher collaboration and learning (Barab, Dodge, Thomas, et al., 2007). 
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Figure 2. Introduction screen of Quest Atlantis. 

Quest Atlantis, though referred to as a game, is a multileveled program with 

different entry points and user interfaces for students and teachers. The program is 

currently in use on six continents by teachers and students in Norway, Croatia, Canada, 

New Zealand, Israel, Australia, Italy, Turkey, China, Denmark, Britain, Japan, and the 

United States - the number of users is estimated to be more than 60,000. The project is 

based in the Learning Sciences department of the School of Education at Indiana 

University, and has received funding from the MacArthur Foundation, National Science 

Foundation, NASA, Institute of Educational Sciences, BIOGEN, and Food Lion. Most 

recently, in December 2010, the Bill & Melinda Gates Foundation provided a grant of 

$2,366,734. To address perceptions of declining student achievement, a stated goal of the 

grant was to attract students who are disengaged with regular classroom situations, and to 
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offer them engaging experiences in literacy, science investigation, and math. 

Additionally, outcomes were identified that aim at the following: common core 

standards, a teacher software toolkit, teacher professional development modules, studying 

results in classrooms, producing publications on results, and investigating 

commercialization and sustainability of the Quest Atlantis program (Quest Atlantis: QA 

Grant Support, n.d.). 

Quest Atlantis in schools. Quest Atlantis requires that classroom teachers 

complete a training course, online in the virtual world, before they can install the program 

in their classrooms, add students to the roster, and begin instruction. Teacher training in 

Quest Atlantis is a four-class session. Teachers go online and meet as avatars in a training 

area called Teacherville. The teacher instructor conducts a demonstration of navigation, 

using menus, chat screens, telegrams, and setting up home pages. Teachers are shown 

links to comprehensive documents that describe the narratives into which missions are 

designed, and also the academic content and competencies that students will practice. 

Teachers are shown that missions are laid out in full, step by step, listing what students 

will have to do in order to complete a set of tasks. Students are involved in decision 

making, scientific experiments, collaborating to solve public problems, entangled in 

dilemmas, asked to deal with bullies, and many more examples in which their critical 

thinking abilities are challenged. In subsequent classes, teachers are shown how to use 

the Teacher Toolkit to enroll students, to obtain student permission forms, to assign 

missions, and to provide meaningful formative assessment-feedback on student work. 

Teachers are encouraged to become part of an ongoing community in which they can join 

a special blog and wiki for ongoing discussions, sharing, and questions. As teachers 
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develop more expertise and technology skills, some become trainers and extend the 

community. All students and teacher participants become part of the design research 

process and sign Institutional Review Board releases in order to use Quest Atlantis in 

school or homes (Barab, Dodge, Thomas, et al. (2007). 

The designers leveraged commercial role-playing gaming formats to make 

learning spaces, in what they call a metagame context, without violent interactions, 

positioning students in identities where they manipulate content in real contexts by being 

scientists, writers, recyclers, counselors, artists, and other responsible roles. Quest 

Atlantis is based on a set of research-based core components: a multiuser virtual 

environment, a background narrative, story-embedded social commitments, units and 

missions facilitated by a trained classroom teacher, and an avatar interface in which a 

student’s abilities and knowledge evolve within the world as missions and quests are 

experienced. Students learn the backstory of Atlantis through an animated video before 

beginning any of the missions. The power of engaging storytelling is leveraged 

throughout the design of Quest Atlantis, and the designers have referred to the experience 

as a playable fiction. Students interact at deeper levels of understanding in focused 

situated learning as they become part of the story (Barab, Dodge, Thomas, et al., 2007). 

When they login, students and teachers arrive in the virtual world at a common 

location know as Emissary Island, where default-prompted actions guide participants 

toward learning how to navigate and understand this new world. Through a personal 

avatar, students navigate virtual villages and natural settings and communicate with other 

students as well as with scripted nonplayer characters. For example, Lara the Fairy helps 

new students begin the process of being in the virtual world. Lara welcomes the new 
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students using text screen conversations. The new student, in avatar form, is given 

directional coordinates (seen at the top of every screen) to go talk to a gnome named Maq 

in his tower. Maq picks up the where Lara leaves off and explains the backstory of 

Atlantis, describes a special group of characters called Emissaries, and sends the new 

quester off on the first mission. Choice is important in Quest Atlantis. When Maq sends a 

quester to find Sam, the quester uses a special machine and is offered choices of what to 

do next. The design of Quest Atlantis is such that the actions and choices of students 

determine the consequences of their journeys and adventures in the virtual world (Barab, 

Dodge, Thomas, et al., 2007). 

During the orientation to the virtual world, students have the option to choose skin 

color and clothing for their avatar, the first step in asserting a new identity. As part of 

existing in this new world, students are shown how to use the directional guides at the top 

of each page, how to teleport to different worlds, and gradually as they progress, they go 

through the process of completing missions for which they receive lumins for successful 

efforts. Lumins are part of the backstory and represent the acquisition of competencies 

and understanding in the seven social commitments: compassionate wisdom, creative 

expression, environmental awareness, personal agency, healthy communities, social 

responsibility, and diversity affirmation. A special ceremony occurs each time a quester 

gains enough lumins to luminate in that particular social commitment. The more lumins a 

quester accumulates, the more his or her understanding and abilities and knowledge 

grow. Compete teacher instructions and information on getting started and using Quest 

Atlantis are located on the Indiana University Web site (Quest Atlantis: Home Page, 

n.d.). 
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Global awareness in the virtual world. Students, often referred to as questers 

once they begin their journey in the virtual world, are not only in this world with the rest 

of their classmates, they are in a space that is populated by students and teachers 

worldwide. As described earlier, users from six continents have accounts in Quest 

Atlantis. This means that students from Missouri can encounter students from California 

or just as easily from England or Japan. This adds yet another dimension to this virtual 

world—besides completing activities that require critical thinking, problem solving, 

creativity, empathy, and collaboration, questers can communicate with other questers 

from around the world. This is made possible through the text screen at the bottom of the 

main display, and also through a mechanism called Telegrams. Questers can find other 

user names in a common list and send telegrams to those users to inquire how to find a 

particular landmark, to seek help in answering a questions, or just simply to greet a new 

friend. 

Experiencing specific content. This study is concerned with student learning. 

Content knowledge has been the major focus of testing in schools, but the education 

experts who authored the National Education Technology Plan (2010) concede that 

content is not enough. Learning is a complex phenomenon; it includes more than just 

exposing a person to facts and expecting those facts to be retained. Deeper learning 

requires connections among the learner, the context of the learning, and the content of the 

learning (Brown et al., 1989; Gee, 2003; Lave & Wenger, 1991). 

Most fourth grade students are unlikely to understand the biological processes and 

gene activities foundational to the creation of color and size in the reproduction of 

organisms. Existing data on students in Quest Atlantis describe how they were invited to 
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take on the identity of a scientist, and to complete tasks that involved learning how to use 

scientific tools and concepts in order to breed virtual dragonflies of a specific size and 

color, and to understand the probability of such occurrences given the starting elements; 

that is, the characteristics of the mother and the father. Students began the quest by 

teleporting to a virtual world called Healthy World, and there they were asked to locate 

certain characters at specific directional locations. The students were experienced Quest 

Atlantis players, so teleporting and navigating in virtual worlds was already a 

competency they possessed. As the mission progressed, the students talked with Dr. 

Uther, Dr. Selina, and Ekon as they learned about genetics and breeding dragonflies. The 

nonplayer characters helped tell the story, and offered choices and tasks to students who 

moved throughout the environment delivering packages, collecting dragonflies, using 

mating tanks and genetics machines, and solving complicated trait matrices called Punnet 

Squares to produce specific genotypes of dragonflies. Figure 3 shows the Punnet Square 

tool for designing a specific dragonfly offspring. 

 

Figure 3. Punnet Square for parent dragonflies. 
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For example, Dr. Uther might ask a questing student to match dominant and 

recessive characteristics among red and blue dragonflies to produce at least one small 

blue dragonfly. In the process, students were involved with cloning, natural breeding, and 

finding cures for diseases. As tasks were completed, students were asked to submit 

written responses and descriptions of their activities. In exchange for a successful 

response, students were awarded a form of in-world money called cols and were also 

awarded lumins, which are associated with the seven social commitments. Stories and 

missions in Quest Atlantis are based on these commitments, as listed earlier, which are: 

(a) creative expression, (b) diversity affirmation, (c) personal agency, (d) social 

responsibility, (e) environmental awareness, (f) healthy communities, and (g) 

compassionate wisdom. As students made in-world choices, they charted pathways 

within the narrative, and their individual learning trajectories began to unfold, a design 

feature intended to allow players’ actions to have consequences on the environment as 

well as on their own learning. By their actions having a consequence, the students could 

understand that what they did had an effect on the world and on what happened next in 

their own experience. Students were reading for meaning, comparing ideas with other 

students, socializing via texting and telegrams, deciphering puzzles, operating scientific 

machines, making choices based on time and resources, and writing and reflecting on the 

content and meaning of each mission using response screens. 

The importance of teachers. Many classroom computer games are intended for 

isolated student interaction; that is, the student goes to the computer and runs through the 

program working on usually rote content related to testing objectives. The interaction 

with these programs is unchanging: students start the same, the path is the same, and the 
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rewards and output are the same. For such skills practice games, the teacher is rarely 

needed, as the game outputs a score or numeric assessment of some kind. If this drilling 

process is repeated again and again, it is hard for one to conjure the image of an engaged 

student. Rather one might see a mechanistic sequence played out repeatedly—perhaps 

some content might be learned, but the conditions for learning in this situation are far 

from optimal (Gardner, 1991; Gee, 2003; Klopfer et al., 2009; Shute & Torres, in press). 

On the other hand, in a Quest Atlantis classroom, the teacher maintains prime 

importance. The teacher is both administrator and peer learner in this situation. Missions, 

quests, and special selections of units are all done by the teacher using the teacher toolkit 

as displayed in Figure 4. The teacher toolkit is the main point of program interaction for 

the classroom teacher. Teachers are trained in the use of the toolkit prior to starting their 

own Quest Atlantis classes. With this dashboard style interface, teachers have access to 

all of the documents, help screens, rules, and available missions. Student names are listed 

in roster format and teachers can quickly see the progress of each student. The toolkit 

also provides the teacher with notification when students have submitted input to their 

missions. It is the teacher’s job to read each submission, similarly to how a teacher might 

read a traditional classroom assignment, and then to comment on the student’s work. At 

this point, the teacher has the power to accept the work as well done and appropriate, or 

to click the Revise button, which sends the submission back to the student for corrections. 

With each accepted mission, students receive lumins, a running account of which is 

displayed on their home page. 
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Figure 4. Quest Atlantis teacher toolkit. 

Note that in Figure 4, there are 13 submissions awaiting review. The teacher must 

read this work and respond accordingly, which is an opportunity for the teacher to 

communicate and model constructive criticism in an online communication format with 

the student. Additionally, the teacher has ready access to the rules of behavior in the 

virtual world, known as the I-BURST; the teacher guidelines; and the various guides and 

resources for teaching in this virtual world (Quest Atlantis: Home Page, n.d.). 

In the day-to-day Quest Atlantis classroom situation, different students are 

working on different missions. Student A might be on a character education mission, 

student B on a water quality mission, student C working on a recycling campaign, and 

student D calculating the genetics of dragonflies. The classroom teacher has selected and 

assigned all of these activities and is responsible for checking and responding to input 

from the students on their respective missions. For teacher and students, this is a 

substantial departure from a typical classroom scenario in which all students normally 

complete the same assignment, in the same time frame, and are graded and returned by 
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the teacher. In a Quest Atlantis classroom, differentiation is the norm, students are 

pursuing academics along personal choice lines, and the teacher adapts to the overall 

work flow. The adaptive disposition of the teacher changes how the teacher approaches 

the students; that is, since the teacher cannot easily know what every student is doing at 

every instant, the methodology of assessment is changed. An air of mutual trust is 

inherent in the classroom; teachers interact conversationally, probing for details and 

progress, and assessing anecdotally while learning alongside the students. In this teacher-

student environment, barriers fall away as teacher and students converse in the manner of 

peers, finding their way through a challenging puzzle together, and building a different 

kind of relationship based on shared experiences and discussions. The Quest Atlantis 

teacher is significantly different than a traditional teacher in how technology is used to 

assign and assess, how students interact in a more exploratory-project fashion with 

teacher and peers, and how the classroom environment invites collaboration, socializing, 

sharing, and helping, all of which contribute to a more engaging school experience 

(Barab, Gresalfi, Dodge & Ingram-Goble, 2010).  

Examples of Student Engagement in the Virtual World 

“There is simply no other way to engage students as virtual reality can” (Sykes & 

Reid, 1999, p. 11). 

In Arici’s (2008) study of elementary students using Quest Atlantis, she provided 

a view of student engagement in a virtual world she describes as one that “shares the 

genre of video games, computer games, simulations, and other immersive and interactive 

contexts” (p. 15). The students were seemingly naturally attracted to the environment. To 

study student engagement in this instance, she used a tool based on Csíkszentmihályi’s 

(1990) study of what he called flow. The idea of flow can be thought of as that condition 
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when a person is involved with a problem or challenge to such as degree that the outside 

world may seem to fade away, as he or she is totally immersed in the current experience. 

Comparing virtual worlds to traditional methods. Arici’s (2008) study 

involved two groups of elementary students working on an inquiry science unit focusing 

on water quality. One group was described as a traditional classroom curriculum using 

textbooks, lecture, and activities, while the other group used a Quest Atlantis mission 

with which students entered the virtual world to explore, gather data, and reach 

conclusions about water quality. Arici (2008) states that the student group using the 

virtual world “had deeper engagement, higher learning, and sustained memory over time” 

(p. 146). While the study showed that Quest Atlantis enhanced engagement in a general 

group of students, it did not address 21st century competencies. 

Virtual Worlds: Reaching Low Performing Students 

This study called attention to how students can be deeply engaged in virtual world 

activities and reap a variety of significant learning experiences from their immersion 

(Arici, 2008; Barab, Thomas, et al., 2005; Dede et al., 2003; Gee, 2003; Prensky, 2001; 

Shute & Torres, in press; Strangman, Hall, & Meyer, 2003). The relevance of the student 

experiences in terms of current perceived inadequacies and failing schools is our next 

area of interest for this study. Efforts continue nationwide to address low performance, 

low engagement, and low test scores by a combination of competitive (Race to the Top) 

and punitive (No Child Left Behind) initiatives from the U.S. Department of Education. 

In addition, a major effort is underway in a majority of states to establish common core 

standards. A long line of education experts such as Bracey (2009), Gardner (1999), Kohn 

(1992, 2000), Kozol (2007), Ohanian (1999), and Papert (1980) have analyzed the 
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standardized testing approach, pointing out what they saw as the negatives, the 

inappropriateness to learning, the harm to students and teachers, the overextension of the 

Federal government, the over focus on worldwide student competition, the waste of 

billions of dollars to manage a test-driven environment, and the decline of education in 

general as a result of testing. Amrein and Berliner (2002) concur, citing the Heisenberg 

Uncertainty Principle: “The more important that any quantitative social indicator 

becomes in social decision-making, the more likely it will be to distort and corrupt the 

social process it is intended to monitor” (p. 5). The over focus on testing has resulted in a 

diminishing of environments conducive to learning by stripping away important 

experiences that have been deemed lower priority because they are not targets of high-

stakes testing, and therefore, not as valuable. On this phenomenon, Henry (2007) calls 

attention to the fact that on average across the United States, 71% of schools have made 

cutbacks in time allotted for physical education, fine arts, and music in order to create 

time for test focus in math and reading. 

Experts who stand opposed to a testing mentality do not argue the fact that 

schools need some kind of reform. Schools are operating on guidelines that fit past needs, 

not needs of today and requirements of the future. Identifying the majority of school 

locations and populations is also not a matter of disagreement between those who see 

testing as the answer and those who see testing as ineffective and wasteful. We know that 

low performing schools are overwhelmingly found in areas of poverty and economic 

decline, among diverse populations, where expectations for students are typically low, 

that school facilities are in poor physical shape, and staff are too often teaching in areas 

for which they are not certified (Doherty & Abernathy, 1998). Not only do schools in so-
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called lower-class environs have significantly poorer conditions, but measurements of 

achievement in these schools continually fall well behind measurements of students in 

higher-class situations (Willms, 2003). As stated earlier, Willms (2002) called this 

phenomenon double jeopardy to describe the situation of low socioeconomic students 

who also attend schools composed predominantly of low socioeconomic populations. 

Looking back to our earlier discussion of engagement, Willms found that there is a much 

higher probability of these double jeopardy students being disengaged and showing 

resultant low performance in school. Because engagement is connected to activity level, 

concentration, and student performance, increasing engagement can potentially lead to 

improvements in these areas (Finn & Voelkl, 1993; Fredricks et al., 2004; Willms, 2003). 

We know that in these low-performing schools, the downward trend in achievement is 

observable at all grade levels, even down to warning signs appearing in the very early 

grades (Alexander et al., 1993; Alexander et al., 1997). Bracey (2009) calls out the 

connection between low socioeconomic students and assessments as follows: 

The strong relationship between poverty and test scores seen in the PIRLS [2001 

Progress in International Reading Literacy] data are replicated in the Scholastic 

Achievement Test (SAT), in the Trends in International Math and Science Study 

(TIMSS), and in the National Assessment of Educational Progress (NAEP). (p. 2) 

Current testing methods and affected groups. In short, we know there are 

serious problems in education, and we know basically where those problems are to be 

found—largely and significantly among low socioeconomic populations. The common 

scale for rating student performance on standardized tests across the United States is as 

follows: Below Basic, Basic, Proficient, and Advanced. Every student receives a ranking 
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in one of these categories associated with math and reading, and in some states with 

science and social studies. As schools seek to avoid the punitive measures of not meeting 

Adequate Yearly Progress, they logically focus energy on the students whose low test 

scores could be raised just enough to go from Below Basic to Basic. Efforts to raise test 

scores then are aimed squarely at low socioeconomic populations. This means practicing, 

tutoring, and drilling for those borderline students, the group for which test scores could 

mean the difference between meeting Adequate Yearly Progress requirements and 

punitive, negative measures taken against the school, the teachers, and principal for not 

meeting the requirements. This kind of policy is not only ineffective, but is destructive on 

the low socioeconomic populations more so than on any other population in America 

(Amrein & Berliner, 2002). 

If we align with Amrein and Berliner (2002) and accept that low socioeconomic 

groups are, even though unintentionally, being harmed even more by current policies, 

what then is an option for improvement? If drilling and practicing for tests is not the 

answer, then in what learning improvement activities should all students be engaged? 

Bracey (2009) writes that we need look no further than the school where the current 

president’s children attend. Sidwell Friends School operates using interdisciplinary 

studies, inquiry and problem solving, and promotes learning that addresses the whole 

child. It encourages artistic expression, provides opportunities for collaborative scientific 

investigation, fosters an attitude of serving others, and values individual choice. It is upon 

examining the Sidwell Friends School and the educational approaches there, that we can 

make the connection to the competencies that result from the experiences at this school to 
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the competencies needed by all students: creativity, communication, critical thinking, 

collaboration, problem solving, and awareness of others in the world. 

Changing Focus at the Top: National Education Technology Plan 

In a classic dichotomy, the U.S. Department of Education maintains a dual 

position on education recommendations and initiatives. On one hand, it promotes test 

pressures, punishments, and reconstitution of schools with its mentality of raising the bar 

and enforcing test scores. On the other hand, in a stroke of innovation, it has recently 

released a major educational document, a framework positioned in 21st century 

competencies, which makes the claim for something entirely different than concentrating 

solely on standardized testing. The National Education Technology Plan (2010) clearly 

references learning research and the idea that educators should “measure what matters” 

(p. ix). The National Educational Technology Plan references the work of Vendlinski and 

Stevens (2002), stating: 

Through multimedia, interactivity, and connectivity it is possible to assess 

competencies that we believe are important and that are aspects of thinking 

highlighted in cognitive research. It also is possible to directly assess problem-

solving skills, make visible sequences of actions taken by learners in simulated 

environments, model complex reasoning tasks, and do it all within the contexts of 

relevant societal issues and problems that people care about in everyday life. (p. 

26) 

In a section titled “What We Should Be Assessing,” the NETP refers to measuring 

complex thinking competencies based on cognitive research. It discusses combining 

research in learning theory with technology applications. Virtual environments are 
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referenced in regard to understanding how students communicate and learn while 

immersed in a virtual world based on the work of Dede (2009), who contributed to the 

NETP. As described earlier in this study, Dede and others created a virtual world called 

River City designed for studying and understanding science concepts. Students were 

empowered with the identity of a scientist and given the challenge to conduct scientific 

investigations in the virtual world. Such simulated explorations and simulations focus not 

on basic skills, and not specifically on testable standard concepts, but instead place the 

student in a practice situation. Competencies are practiced as the students make progress 

in the virtual world, so that a kind of embodied cognition can take place, a form of 

learning that is based on interacting with the artifacts and conditions of the lived-in world 

(Lave & Wenger, 1991); however, this is a virtual world. 

Students and assessment. Clearly, as described in the NETP, the ability to 

simulate educational environments and experiences, to place students in roles in which 

choices are available, and with which students largely direct their own learning paths can 

be a viable route to engaging experiences, then to increased student achievement. In a 

virtual world, where data can be gathered constantly on the student work, assessment can 

take on a new form, perhaps one that is less intrusive and more in line with the process of 

learning. Typical standardized testing assesses summatively; that is, it measures what is 

perceived to be learned at an end point. However, a virtual world, with constant data 

gathering, can enable educators to do more formative assessments, which allows for 

adjustment, review, and guidance toward a desired success during the learning process. In 

addition, a virtual world offers another advantage, one that addresses the needs of those 

students who might not be as vocal as other students; teachers have the ability to see what 
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all students are learning by observing the work captured by tools in the virtual world 

(Gee & Shaffer, 2010; Shute, 2008). 

Reaching a wider range of students. The range of students able to interact with 

content is broadened in the virtual world—physical handicaps can become invisible as 

students move about as avatars climbing, running, swimming, teleporting, and building 3-

D structures. Peer teams of varying academic abilities can work together, allowing for 

differentiated learning, much as learning buddies work together in traditional classrooms. 

The NETP (2010) states using the virtual environment to learn requires “rethinking the 

use of time-based measures of attainment rather than competency-based measures” (p. 

46). The NETP calls for using the Universal Design for Learning (UDL) principles, not 

only to challenge diverse learners, but to supply learning situations that tap into their 

interests, and that can lead to improved outcomes. UDL is typically defined as a 

departure from one-size-fits-all curricula, instead being an approach to allow multiple 

forms of expression by students thereby addressing many learning styles as well as many 

variations in mental and physical ability. Ways that can accomplish this, according to the 

NETP, include providing choices among different learning scenarios each of which 

promotes competencies instead of only factual knowledge. The UDL principles promoted 

in the NETP are: 

• “Provide multiple and flexible methods of presentation of information and 

knowledge. 

• Provide multiple and flexible means of expression with alternatives for 

students to demonstrate what they have learned. 
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• Provide multiple and flexible means of engagement to tap into diverse 

learners’ interests, challenge them appropriately, and motivate them to learn” 

(p. 18). 

Student engagement can be increased by providing options, for example, to choose 

virtual world locations in which they explore, undertake missions, and interact with 

content in a situated context; in other words, demonstrating competencies while 

manipulating content. 

Strangman et al. (2003) concur with the UDL concepts outlined in the NETP, 

particularly in relation to meeting the needs of students by removing barriers to 

instruction for at-risk students and students with disabilities. A major advantage of a 

UDL combined with virtual-worlds learning is the same as recurs in the work of many 

other researchers—that students have the ability to go beyond limitations of the 

classroom, limitations of themselves, and explore and operate in a wide variety of 

environments (Arici, 2008; Dede, 2009; Gee, 2003; Gee & Shaffer, 2010; Klopfer et al., 

2009; Shute, 2008; Shute & Torres, in press). 

Competencies of the 21
st
 Century 

Strangman et al. (2003) wrote: 

The introduction of virtual reality and computer simulations into the classroom 

will greatly improve teachers’ ability to offer choices of content and tools because 

their nature is so vastly different from those typically made available in the 

classroom. The non-print, interactive, multi-sensory, 3-dimensional, and in some 

cases hands-on nature of these tools can be highly engaging for students. (p. 17) 
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The standardized test movement in recent years has focused on those skills that 

most easily lend themselves to testing, which are facts and knowledge. Facts and 

knowledge, the lowest level of Bloom’s taxonomy, are easy for testing companies to 

convert into booklets of multiple-choice and short-answer assessments. Every question is 

closed; that is, students will be correct or incorrect in most instances of standardized 

testing assessments. And as educators continue to define the successful student by test 

scores, a sizeable population is not represented—the low-performing population. There 

are many societal conditions that have a serious impact on students’ learning, and current 

political efforts to raise the bar, increase the standards, toughen the rigor, and so forth 

have had little effect (Bracey, 2009). 

Identifying what should be assessed. The NETP, released in November 2010, 

takes a different course than is typically associated with the U.S. Department of 

Education and its continuing focus on standardized testing. The term 21st century skills is 

used throughout to place emphasis not only on content, but on competencies; that is, on 

what students can do in specific circumstances. Ladwig (2010) has referred to 

competencies as the critical nonacademic outcomes students need. A recent study of the 

literature on 21st century skills (or nonacademic outcomes) by Voogt and Roblin (2010) 

reports a variety of sources and definitions for what 21st century skills means. The report 

synthesized information defined by different organizations, as well as how organizations 

recommend that 21st century skills be implemented and assessed. The authors examined 

theoretical frameworks including the National Education Technology Standards, the 

National Assessment of Educational Progress, the Partnerships for 21st Century Skills, 

EnGauge, and the Assessment and Teaching of 21st Century Skills. The authors’ analysis 
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found that ideas clustered around similar phraseology of 21st century competencies, 

which included technology skills, critical thinking, problem solving, collaboration, 

communication, creativity, and global awareness. Social skills development was assumed 

within the other skills. Implementation recommendations of 21st century competencies by 

these organization also converged into areas of “(a) curriculum and instruction; (b) 

professional development; and (c) strategies and conditions for the implementation of 21st 

century skills at both the national and school level” (p. 27). The frameworks that were 

examined all pointed to needs for significant changes in how curriculum is designed in 

schools. Ideas across the frameworks call for new ways of assessing and new ways of 

teaching. These competencies of the 21st century can best be supported if our institutions 

begin favoring methodologies such as project-based learning and experiential learning, 

and rely more so on assessment principles that are formative instead of summative. 

Addressing the role of the teacher, the study found expectations of teachers beyond 

teaching 21st century competencies. Not only are teachers expected to assess these skills, 

but teachers are expected to be familiar with these skills and competencies and to 

demonstrate them as part of their ongoing practice. Finding strategies and methods for 

modeling and implementing 21st century competencies should be part of the professional 

development of teachers if students are to acquire these competencies (NETP, 2010). 

Dede (2010) clarifies the term 21st century skills in terms of what people need to 

function as citizens, to be productive members of a changing economy, and to interact 

with a variety of socially networked entities. Old skills, which may have relied on 

individual ability, are diminishing and disappearing while collaborative-based 

competencies are needed more and more (Karoly, 2004). K-12 teaching methods that 
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treat knowledge as matter to be delivered in containers to be remembered and used later 

ignore the important needs of a knowledge-based society, which means solving problems 

as they arise based on interactions with others, and sharing solutions and information. 

Competency Practice in Quest Atlantis 

Voogt and Roblin’s (2010) analysis provides a world-view set of 21st century 

competencies, with differences in implementation and recommendations for assessment. 

This study is concerned with a practical cross section or representative set of 

competencies culled from Voogt and Roblin’s work. These competencies are technology 

skills, critical thinking, problem solving, collaboration, communication, creativity, and 

global awareness. Active practice of these competencies is embedded throughout the 

missions of Quest Atlantis. The next sections give examples of these competencies. 

Technology skills. Questers work through several missions learning about the 

possible hazards of being on the Internet, using chat rooms, and giving out personal 

information to strangers. Students have to give advice to another player about someone 

who is planning to meet a stranger. Students analyze stories and descriptions of 

situations, and then are asked to speak to different characters and give advice on what to 

do. Besides discussing the dangers of technology, students use technology. Being in the 

virtual world has required students to maintain their login and passwords, track 

information being stored in virtual bookbags called Q-Paks, update their home pages, and 

use the text chat facility and the telegram facility to speak to others. Students travel in the 

virtual worlds using a teleport device, and then navigate specific locations using the 

directional tool on every screen. When questers visit Q-Ville, they encounter a Building 

School, a place where they can browse among instruction sets, choose one, and follow 
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directions to learn how to construct 3-D structures on their own plots of rented virtual 

land. Students come to realize that the worlds in which they are traveling are simulations 

running on computers, and that the sense of presence they are feeling is a complex 

interaction between them and the technology. An added feature of Q-Ville is that questers 

have the power to fly, which is often useful when constructing structures that hover in the 

virtual sky. 

Critical thinking. Ingolstadt is a virtual village in Quest Atlantis where a horrible 

disease has spread among the citizens. Many villagers have died already, and many more 

are sick. This quest is based on Mary Shelley’s Frankenstein. Dr. Frank, a resident of 

Ingolstadt, is conducting experiments in his home laboratory, experiments on a living life 

form known as the Creation, and his work may be helpful in finding a cure for the disease 

in the village. Students are placed in situations requiring critical thinking about the ethics 

of experimenting on a living thing, work on developing a thesis statement of their beliefs, 

and find themselves placed in situations of having to tell the truth or not. Students use 

critical thinking throughout their stay in Ingolstadt, interacting with the local newspaper 

editor, the constable, the postmaster, and others. 

Problem solving. Opportunities to solve problems are presented in every mission. 

Scenarios for solving problems can vary among sorting out social situations, friend 

disputes and disagreements, deciphering a code to continue on a journey, loading a 

mating tank with the proper insects to produce a specific offspring, determining if water 

quality has improved or declined based on the kinds of life living in the water, rating the 

mechanical efficiency of two different bicycles, and so on. Problems are solved in an 

open-ended fashion; that is, there is not a specific correct answer in most cases, but 
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instead, an interpretation and an explanation that justify the usefulness of an answer must 

be offered by the quester. In many cases, several solutions can work, reinforcing the idea 

that just finding an answer is not the only reason for solving problems. 

Collaboration. Ludgate’s (2008) study of collaboration in Quest Atlantis found 

that the students often collaborated by choice, even when collaboration was not required, 

clearly a social function of students being together and focusing on a common task and of 

experiencing what Ludgate calls a play-space environment. Collaboration skills are 

needed throughout the missions, sometimes with only a few players, and sometimes on a 

larger scale. Elementary students in two separate schools in Florida demonstrated a large-

scale example of collaboration using Quest Atlantis. Working with teachers, students 

responded to the British Petroleum oil rig explosion in the Gulf of Mexico. The resultant 

mass pollution and destructive effects on plant and animals life in the Gulf of Mexico 

presented an important challenge. Students studied the impact of the spreading oil, 

studied the affected animal life, and collaborated to create a special virtual area to care 

for the wildlife harmed by the oil. Using 3-D virtual building techniques learned while in 

Quest Atlantis, students designed and built tanks, and cleaning and medical areas to care 

for the injured fish and fowl. Teachers also shared videos of the project on YouTube. 

Communication. Reading and writing skills are needed to move forward in the 

virtual world. Talking to characters in Quest Atlantis is done by reading displayed 

comments of the nonplaying characters. For example, Lara the Fairy might greet a 

student by saying: Hey there, quester! I love the smell of the flowers here! The student 

quester always has options in answering. Among the possible answers a student might 

choose to click are: I need help finding somebody; or See ya later, I’m off to quest!; or 
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I’m curious about the super-committed mission. These responses follow different 

trajectories for what happens next. The student may go off on his or her own, might 

engage in a conversation about a location, or might be directed to start a new mission. As 

students proceed through their missions, they always have a home screen where they can 

check their current status. For example, if a student started the “Sally’s Journal” mission, 

but only completed a portion of the steps and had to logout of the program, the status 

screen displays exactly where the student stopped the next time the student logs in. 

Writing and reading skills are needed as well when students respond to missions that 

have to be reviewed before lumins will be awarded. If writing is well thought out, clear, 

and meets the requirements of the mission, then the reviewer (the classroom teacher) 

accepts the work. However, if a student does an incomplete job or submits a poorly 

written response, the reviewer can select Revise, which requires the student to fix errors 

and resubmit the work. 

Creativity. A Peppler and Solomou (2011) study analyzed the emergence and 

growth of creativity among students working as a group in Quest Atlantis. The study 

sought to uncover how creative ideas happen within a group and are then shared 

throughout the community. In the virtual world, students worked as apprentices in an 

architecture unit, which followed a narrative based on Ayn Rand’s Fountainhead novel. 

Researchers found not only demonstrations of student creativity, but also found a highly 

social component to the emergence of creativity within the group. 

Global awareness. Membership in Quest Atlantis is worldwide, currently with 

participants on six continents and an estimated number of users near 60,000. With this 

scale of membership, the viewpoints, customs, languages, and ideas from around the 
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world can converge in one place—a virtual location available across the time zones, 24 

hours a day (Barab, Arici, et al., 2005). Teachers have the capability to network with 

other teachers, plan in-world meetings, share curriculum, organize coquesting, share 

languages, and so forth. The number of ways to interact is entirely a function of teachers’ 

creativity, time input, and personal growth. The virtual world meeting space provides 

opportunities for making social studies connections, creating new projects outside the 

virtual world, bringing other technologies such as blogging and video conferencing, and 

collaborating with other cloud-based tools. 

Barab, Gresalfi, et al. (2010) express learning in Quest Atlantis this way: 

I regard games as offering a new pedagogy for the 21st Century, one that has the 

potential to not merely fill individual minds but empower whole persons. And one 

that can transform learning from a rote acquisitional process, to a transactive one 

in which conceptual understandings have transformational significance. (p. 16) 

Summary 

The state of the education system in the United States is most easily described as 

still in the 20th century; that is, educators exercise a high regard and focus on 

methodologies and facts that were required for success in earlier industrialized periods of 

our country and that no longer predominate our economy (Dede, 2010). In this climate, 

during the past 30 years, test score data show that achievement by American students has 

fallen, and the U.S. Department of Education has taken action to reform or turn around 

this trend by implementing rigor and raising standards, by requiring standardized testing, 

and by meting out consequences to low-performing schools and school personnel. Most 

education experts agree that the efforts at rigor have become more punitive than effective 
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and significant groups of students living in poverty continue to suffer the inequities of 

their environments and emerge in the data stream as low performing. Increased efforts at 

targeting these low socioeconomic groups have not substantially improved academic 

achievement. 

This chapter highlighted the problem and accompanying characteristics of 

disengagement, and presented a contrasting method of education using virtual worlds. 

Virtual worlds allow students to step beyond the restrictions of their schools. Students 

can act as experts in areas of science, math, information technology, social studies, fine 

arts, and other academic areas. They can assume the roles and identities of experts, which 

allow the joining of content in a real context. Competencies can be practiced in virtual 

environments that are typically not possible in the confines and schedules of a traditional 

classroom (Sykes & Reid, 1999). Virtual worlds have been shown to be engaging and to 

foster 21st century competencies such as technology skills, critical thinking, problem 

solving, collaboration, communication, creativity, and global awareness. Research 

gathered across a wide socioeconomic range of students using Quest Atlantis has shown 

increased engagement and satisfaction, and has aligned closely with social learning 

theory tenets of how deeper learning occurs in meaningful situations in which learners 

are connected with the culture in which they construct knowledge. Given current 

conditions across the United Stated in which schools are under fire for low performance, 

a new, nonpunitive approach should be welcomed by educators and politicians. With the 

worldwide user base of Quest Atlantis at more than 60,000 and growing, and its recent 

significant funding coupled with the emphasis by the U.S. Department of Education’s 

NETP, solutions and strategies may be on the horizon for positive changes in all schools, 
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but especially in turning around those double jeopardy low-performing schools with 

predominantly low socioeconomic populations. Above and beyond the test performance 

goals sought by No Child Left Behind, President Obama’s Race to the Top, and common 

core standards proponents stands a larger goal, one that requires future citizens to have 

competencies to function in what more and more is being called the digital age (Gee, 

2003). 
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Chapter 3: Methodology 

As learning and teaching approaches continue to be modified to increase student 

achievement in the current competitive standards climate, there is research-based 

argument for introducing learning situations that will foster significant gains in abilities 

known as 21st century competencies (or skills)—in other words, learning that goes 

beyond the academic content of today’s standardized tests (Dede, 2009; Shute & Torres, 

in press). The purpose of this mixed-methods study is to shed light on effective virtual 

worlds learning choices recommended in the U.S. Department of Education’s NETP 

(2010) for educators to use in schools, and to introduce challenges for educational 

software designers to build innovative systems that educators can approve. 

Research Questions 

The research questions guiding this study are as follows: 

RQ1. To what degree do the teachers of students who use Quest Atlantis observe 

21st century competencies acquisition? 

RQ2. To what degree are students engaged while learning with Quest Atlantis? 

RQ3. What other benefits do teachers and practitioners see from students 

working in Quest Atlantis? 

Research Design 

A triangulation mixed-methods design fits this study’s approach because the 

researcher is investigating data from different levels of the overall population, and 

seeking to use both quantitative and qualitative data. To paint a clearer picture, 

triangulation mixed-methods design is typically conducted in one phase in which one 

data set is supportive of another data set, such as a qualitative measure embedded in a 
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quantitative intervention (Creswell & Clark, 2007; Lasserre-Cortez, 2006; McMillan & 

Schumacher, 2010). In contrast to a concurrent one-phase nested mixed-methods model, 

a two-phase model can also be applied. The two-phase model places qualitative data 

gathering before or after an intervention in which quantitative data was gathered 

(Creswell & Clark, 2007). Depending on the circumstances of the study, quantitative and 

qualitative methods may be used with greater or lesser emphasis, sometimes heavier on 

one than the other. In the case of this study, existing quantitative data precedes qualitative 

data. Creswell and Clark stated: 

These sequential approaches are useful when a researcher needs qualitative 

information before the intervention, to shape the intervention, to develop an 

instrument, or to select participants, or after the intervention, to explain the results 

of the intervention or to follow up on the experiences of participants with certain 

types of outcomes. (p. 69) 

A study of low-income working mothers (Weiss, Mayer, Kreider, Vaughn, Dearing, 

Hencke & Pinto, 2003) used a mixed-methods triangulation method, incorporating 

quantitative data followed by qualitative data. They concur with Creswell and Clark 

(2007) and Lasserre-Cortez (2006) on the value of this approach—that it produced better 

triangulation of the data. 

Data Sources 

Sources of data for this study are both quantitative and qualitative. Table 1 shows 

the three data sources for this study and the research question associated with each 

source. Indiana University supplied existing data from pre- posttests, and existing data 

from engagement surveys of students who worked with Quest Atlantis. The researcher 
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gathered additional survey data from experienced Quest Atlantis teachers. 

Pre- and posttest results were generated by students familiar with the Quest 

Atlantis virtual worlds learning environment and who knew how to navigate steps to 

complete academic missions. Content of the pre- and posttests matched that of a virtual 

worlds mission studied by Indiana researchers in the classroom. The mission on which 

students worked presented them with concepts of genetics, including genotypes, 

phenotypes, Punnet squares, alleles, dominant traits, and recessive traits. After the 

pretest, students worked on a Quest Atlantis virtual world mission in which they assumed 

the identities of scientists and used scientific tools and procedures of geneticists for 5 

days breeding specific genetic designs of virtual dragonflies. Following the 5 days in the 

virtual world, students were given a posttest on genetics content learned from experiences 

in the virtual environment. Additionally, students were surveyed to determine their level 

of engagement while working in the virtual world and interacting with genetics academic 

content. Student activities described in the mission included problem solving, 

collaboration, communicating (with text, telegrams, and response tools), critical thinking, 

understanding the in-world scientific community, using technology, and appreciating the 

global impact of genetics and cloning. 

Table 1 

Data Sources 

Data Sources 

RQ1 Survey of Quest Atlantis Teacher 
Observations of 21st Century Competencies 

RQ2 Likert-Style Engagement Survey Pre- and 
Posttests of Content 

RQ3 Teacher Open-Ended Responses 
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Existing test data. In one test, students were introduced to six hamsters with 

varying descriptions of fur length, presence of a tail, and color of fur. Matching 

genotypes were provided for each of these. For example, test directions showed students 

that BB or Bb represented a long tail, while bb was a short tail. RR or Rr was presence of 

a tail, while rr indicated no tail. Directions instructed students to use the genotypes in 

identifying specific hamsters that would be associated with changing genotypes. A 

graphical organizer, typically used in genetics courses, called a Punnet Square was 

incorporated to show how genotypes can be paired to result in specific traits. Finally, 

students were introduced by test examples to the fact that some phenotypes such as color 

and size were dominant and some recessive, thus further affecting possible offspring 

combinations. After 5 days of work in the virtual world, where students talked to virtual 

scientists, learned about breeding processes, captured virtual dragonflies, and used 

scientific breeding tools to create certain sizes and colors of dragonflies, a posttest was 

given (See Appendix A). 

Engagement measure. Understanding engagement is important to this study 

based on research findings stated earlier tying performance and general satisfaction to 

engaging educational experiences (Alexander et al., 1993; Alexander et al., 1997; Arici, 

2008; Barab, Thomas, Dodge, Carteaux, et al., 2005; Dede et al., 2003; Fredricks et al., 

2004; Newmann et al., 1992). For this study, an existing Likert-style engagement survey 

shows student responses to 15 statements as follows: Agree a Lot, Agree, Agree a Little, 

Disagree a Little, Disagree, and Disagree a Lot. Some examples used in the survey were: 

(a) This activity was challenging; (b) I felt in control of the situation; (c) I was 

succeeding at what I was doing; and (d) I felt as if the environment were real. 
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Quest Atlantis teacher survey. To support the existing data from the pre- and 

posttests and the existing engagement survey, additional qualitative data regarding 21st 

century competencies were obtained. These data were derived from teachers, all of whom 

were experienced using the Quest Atlantis virtual world learning environment in public 

school settings with elementary students. The researcher, after examining available 

surveys from previous research, did not find an existing survey suitable for the purposes 

of this study. A survey was needed that could tease out specific competencies drawn from 

practitioner observations. Since none was available, the researcher designed a survey to 

address this study’s needs. The survey questions were developed based on definitions of 

21st century competencies offered by other educators and researchers (Dede, 2009; 

Jenkins et al., 2006; Partnership for 21st Century Skills, 2011; Voogt & Roblin, 2010). 

The survey was formulated to uncover behaviors of the following 21st century 

competencies in students who have been using Quest Atlantis. These competencies are 

technology skills, critical thinking, problem solving, collaboration, communication, 

creativity, and global awareness. Because this survey was newly developed, it required 

validation. Experts in educational technology, multiuser virtual environments, and game 

design were consulted on the validity of the survey tool administered to Quest Atlantis 

teachers. They reviewed all survey statements compared to the targeted 21st century 

competencies associated with each survey statement. After their review, expert feedback 

on content, as well as adjustments to the survey, was implemented. The survey is 

attached as Appendix B. 
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Data Collection and Purposeful Sampling Procedures 

Purposeful sampling is when the researcher has specifically selected participants 

known to be experienced in the main topics of the investigation (Creswell & Clark, 

2007). Participants for this study were selected in part by Indiana University, and in part 

by the researcher. For the teacher survey, participants were identified with the assistance 

of an international Quest Atlantis teacher trainer. Participants were drawn from a 

community of teachers who were trained in implementing Quest Atlantis, and who were 

currently active in the classroom. An e-mail invitation was distributed to the list of 

selected teachers in which they were asked to provide their consent to participate in this 

study. Their choice to participate was indicated when they accessed the online survey link 

provided in the e-mail message. Teachers had the option to participate or not as stated in 

the e-mail message. A follow up e-mail message was sent to the original list of teachers 

as a reminder about participating in the study. The e-mail letter of informed consent to 

participants in this study is attached in Appendix C. 

The Quest Atlantis trainer who assisted in this study has helped hundreds of 

elementary classroom teachers learn to use the immersive worlds environment in the 

classroom. Selection for this study was based on the teachers’ known experience level in 

using Quest Atlantis. Creswell and Clark (2007) stated that it is typical of mixed-methods 

research to use a “homogeneous sampling of individuals who have membership in a 

subgroup with distinctive characteristics” (p. 112). The teachers surveyed were all 

elementary teachers experienced using the Quest Atlantis program. Creswell (1998) 

states that small sample sizes are typically used in qualitative mixed methods; this study 
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invited Likert-style survey data from a possible 30 elementary teachers. The list of survey 

questions are attached as Appendix B. 

Human Subject Considerations 

This study was conducted according to the ethical, federal, and professional 

standards set forth by United States regulations and by Pepperdine University to protect 

human subjects. Approval for this study was requested from the Institutional Review 

Board (IRB) responsible for reviewing research applications from the Pepperdine 

Graduate School of Education and Psychology. Under Pepperdine’s IRB applicability 

policies, this research activity is exempted from federal regulation because it presents no 

more than minimal risk to human subjects since it meets Pepperdine University (2009) 

IRB exemption criteria. The researcher was responsible for assuring voluntary 

participation of teachers by obtaining informed consent electronically via the online 

survey tool. The researcher ensured that a copy of all data collections tools were 

included. The nature of the involvement of human subjects was described, as well as a 

justification for why this study should be considered exempt. To safeguard anonymity 

and privacy of the survey participants, the researcher will store all the survey data on a 

password-protected personal backup disk drive. No HIPPAA educational-related 

components are required for this study. The researcher adhered to the procedures 

described by the IRB. 

Data Analysis and Interpretation 

To arrive at generalizations about acquired 21st century competencies of students 

using Quest Atlantis, the analysis process for this research uses the following model. 



 

 

63

Bazeley (as cited in Andrew & Halcomb, 2009) argues that when analyzing mixed-

methods data, there are three analysis issues to consider: 

1. The (relative) quality of each of the separate analyses. 

2. How the results of the separate analyses are to be synthesized in order to draw 

conclusions that incorporate both sets of data. 

3. Strategies to manage findings that are contradictory rather than 

complementary. (p. 89) 

The reason for using triangulation is to determine if results from one set of data 

converge to indicate the results of another set of data, and often, the different data sets 

include quantitative data and qualitative data. Triangulation may be effective when the 

strengths of one approach can offset the weakness of the other approach (McMillan & 

Schumacher, 2010). In this study, existing quantitative test data, existing qualitative 

engagement survey data, and newly acquired qualitative survey data of teacher 

observations were used. The researcher used multiple perspectives and theories to 

interpret the data and enhance the understanding of the connections among engagement, 

21st century competencies, virtual worlds learning, and social-learning theories. Janesick 

(1998) corroborated this style of interpretation. 

The researcher employed statistical analysis software using a descriptive 

technique approach to analyze the results of the Likert surveys. In the teacher survey, 

numerical values were assigned to each of the responses as follows: strongly agree = 1, 

agree = 2, undecided = 3, disagree = 4, and strongly disagree = 5. The range of responses 

is displayed with bar charts showing how survey respondents indicated agreement, 

disagreement, and so forth. Likert-scale data were summarized with the mode in 
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numerical terms, which is the most frequent item response. One additional open-ended 

question concludes the survey. The question is phrased as follows: What did you observe 

or discover about students working in Quest Atlantis that you would like to share with 

this study? The final question seeks to uncover points of view or concepts that teachers 

found important to this study, but were not addressed directly in this study. 

Validity and Reliability 

Validity refers to whether the survey measures what is intended to be measured, 

in this case, 21st century competencies. Creswell (1998) stated that qualitative researchers 

should have a minimum of two procedures for internal validity and verification of the 

study. The researcher in this study used the following: 

• Ongoing engagement with and knowledge of the field being studied, 

• Removing possible researcher bias by identifying past classroom teacher 

experiences, 

• Survey review by academic experts as indicated earlier. 

Representative sample. Choice of a representative sample, as is done in this 

study, also helps ensure external validity because the results of the study can be 

generalized beyond the specific setting of the current research (Bryman & Bell, 2007). In 

this case, results can be generalized to other similar classrooms of student groups using 

Quest Atlantis. Also, the Likert survey for this study was designed according to survey 

question recommendations by Popham (2002) to avoid bias in questions and statements 

by making sure to have both negatively and positively phrased questions. 
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Validity of qualitative designs. Triangulation mixed methods is a qualitative 

research design. The validity of qualitative designs, according to McMillan and 

Schumacher (2010), 

…refers to the degree of congruence between the explanations of the phenomena 

and the realities of the world.…In other words, validity of qualitative designs is 

the degree to which the interpretations have mutual meanings between the 

participants and the researcher. (p. 330) 

Seeking these mutual meanings is precisely the goal of the survey of Quest Atlantis 

teachers. 

Parallel technique for survey statements. Using a parallel technique 

recommended by Popham (2002), the teacher survey used in this study has alternative 

forms of questions, highlighting content from a positive view as well as from a negative 

view so as not to influence responses one way or another. Examples of this technique 

used in the survey, which targets problem solving and collaboration, are as follows: 

(Problem Solving) I observed improvement in perseverance, staying with a 

problem until solved. 

(Problem Solving) I did not observe my students openly discussing how to solve 

problems. 

(Collaboration) I have observed collaboration skills among my students in 

one or more academic areas. 

(Collaboration) My students do not show self-regulating behavior while 

working in Quest Atlantis. 
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Experts in educational technology, multiuser virtual environments, and game 

design were consulted on the validity of the survey tool before it was administered online 

to Quest Atlantis teachers. After the expert review, feedback on content was 

incorporated. It was the researcher’s goal to have an instrument that clearly addressed the 

classroom experiences of teachers and their questing students. 

Limitations of the Study 

In self-reporting studies such as the Likert-style survey of Quest Atlantis teachers, 

the possibility exists for inaccurate results. Such a study is limited by the manner in 

which teachers respond to the survey based on their personal perceptions. Teachers may 

feel they are being evaluated for their technical skills, or could feel they might be 

expected to respond in a certain fashion. The researcher cannot control for teachers who 

may respond in a way they think they are expected to as opposed to responding without 

bias. 

Summary 

This chapter highlighted the need for learning approaches that can foster 21st 

century competencies, as suggested by education researchers and as recommended in the 

recent NETP from the U.S. Department of Education. Research questions and the 

reasoning for choosing a triangulation mixed-methods design for this study are provided, 

citing triangulation research experts. Included are existing data sources from tests of 

genetics content embedded in a virtual worlds mission, an existing engagement survey, 

and a survey of selected teachers (see Appendix B), all of whom are trained and 

knowledgeable in implementing Quest Atlantis in a classroom setting. IRB 

considerations also are provided covering the protection of participants, the data 
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gathered, and adherence to approved procedures in the study. A discussion of 

triangulation mixed methods and establishing the validity of the survey per expert 

evaluation were presented. The researcher stated limitations of the study related to the 

self-reporting nature of the survey, which could allow for teachers to make assumptions 

about their role in the study. 

Chapter 4 presents two varieties of existing quantitative data from Indiana 

University, provides a statistical analysis of that data, and reports the findings of the 

Likert-style survey of experienced Quest Atlantis teachers. Chapter 5 examines ideas and 

information from the three data sources, summarizes and concludes how these qualitative 

and quantitative data support the research questions, then offers recommendations for 

future research on K-12 students learning with 21st century virtual world approaches such 

as Quest Atlantis. 
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Chapter 4: Results 

As previously established, schools across the United States are under pressure to 

increase student achievement and to demonstrate improvements with standardized test 

results. Researchers point to low engagement as integral to low student achievement. 

Recently, organizations calling for school reform have modified their focus to include 

21st century competencies. One promising approach to meeting both content learning and 

competency needs are virtual worlds learning environments. This mixed-methods study 

looked at a virtual worlds program called Quest Atlantis by surveying experienced Quest 

Atlantis teachers on their observations of 21st century competencies among students in 

their classrooms. 

The purpose of this chapter is to provide results related to the study’s three 

research questions: (a) To what degree do the teachers of students who use Quest Atlantis 

observe 21st century competencies acquisition?; (b) To what degree are students engaged 

while learning with Quest Atlantis?; and (c) What other benefits do teachers and 

practitioners see from students working in Quest Atlantis? This chapter is organized by 

research question, presenting findings first and analysis second. The chapter concludes 

with an observation of student socioeconomic status and a summary. 

Quantitative and Qualitative Data 

This study utilizes three data sources (see Table 2), which are triangulated in 

analysis to build a solid view of educational experiences encompassing teacher 

observations of specific competencies in their students, student engagement feedback, 

and content assessment. 
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Table 2 

Research Questions Aligned With Data Sources 

Research Questions and Data Sources 

Research Question 1 Survey of Quest Atlantis Teacher 
Observations of 21st Century Competencies 

Research Question 2 Likert-style Engagement Survey Pre- and 
Posttests of Content 

Research Question 3 Teacher Open-Ended Responses 

 
Qualitative data on student actions and behavior with 21st century competencies 

were gathered in an online survey from 18 experienced Quest Atlantis elementary 

teachers. Teacher open-ended responses were gathered from the same survey. 

Quantitative achievement data from student pre- and posttests, as well as qualitative 

engagement data, were provided by the Quest Atlantis Project at Indiana University. The 

intent of using multiple sources is to provide a more complete picture of the learning 

process. Existing data used in this study are from experienced student users of Quest 

Atlantis, which included students ranging from ages 9 to 10 from lower socioeconomic 

backgrounds. Engagement data and test scores were generated in a 5-day classroom 

intervention using a Quest Atlantis mission called Drakos. Before the start of work in 

Drakos, students were given a pretest on the basics of genetics. See Appendix A for pre- 

and posttests. 

The content of the Drakos mission was based on the study of dragonfly 

genetics—how different offspring traits and colors are produced from various genetic 

combinations of dragonfly parents. Students played the role of scientists in capturing, 

analyzing, and breeding the virtual dragonflies to meet specific genetic requirements built 

into the narrative of Drakos. The Drakos mission was conducted in the same virtual 
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worlds environment as used by the Quest Atlantis classroom teachers surveyed in this 

study. Observations by those teachers are similar to observations that would be seen by 

any teacher in a classroom using Quest Atlantis. This similarity between the classroom 

experiences that generated the existing Drakos data helps to generalize the findings of 

teacher survey observations to the broader population of elementary classrooms using 

Quest Atlantis. 

Research Question 1: Observations of 21
st
 Century Competencies 

Researchers increasingly support the idea of competencies beyond content 

knowledge; that is, learning basic content in isolated fashion for testing purposes is not 

enough. Deeper learning occurs as a result of students using their competencies in 

conjunction with academic content (Dede, 2009; Jenkins et al., 2006; Partnership for 21st 

Century Skills, 2011; Voogt & Roblin, 2010). To explore and examine the idea of 

competencies, research question 1 asks: To what degree do the teachers of students who 

use Quest Atlantis observe 21st century competencies acquisition? 

Data from teacher observation survey. Thirty experienced Quest Atlantis 

classroom teachers were invited to participate in this survey, of which 18 consented and 

took the survey (60%). The survey was constructed with statements that targeted the 

following 21st century competencies: technology skills, critical thinking, problem solving, 

collaboration, communication, creativity, and global awareness. Survey statements were 

made available to participants in an online Qualtrics survey for a 3-week period. General 

definition guidelines for 21st century competencies were provided in the online survey. 

Most survey statements were phrased positively, but some were phrased negatively. 

Responses were made according to the following choices: Strongly Agree, Agree, 
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Neither Agree or Disagree, Disagree, and Strongly Disagree. Because some statements 

were designed with a negative phrasing, those statements’ numbers were reversed in the 

analysis. For example, the statement “My students do not understand how to sort 

information according to validity and truthfulness” expresses a critical-thinking 

observation in a negative phrasing, which requires a Strongly Disagree response to 

express a positive connotation. See Appendix B for the complete survey tally of survey 

and responses to the open-end question. 

Figure 5 presents the teacher observation results of each 21st century competency, 

and shows that all were rated high and were all relatively close in percentages, which is 

an indication that goals of the Quest Atlantis program are being met by fostering 21st 

century competencies. Normally, when all measures across a range score strongly toward 

high, it could be a result of respondents’ feelings that they are being judged by their 

feedback, respondents’ haste to finish the survey, or other possible personal reasons. 

However, the data show otherwise in that there is variability among the responses. For 

example, technology skills were rated extremely high at 98%, creativity was rated 

substantially lower at 65%, while the remaining competencies occupied a range between 

81% and 92%, revealing specific choices in teacher responses. 
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Figure 5. Comparison of 21st century competencies. 

Breakdown of Teacher Observations by Competency 

The following sections show the overall survey results as individual graphic 

views of respondents per each 21st century competency. These graphs provide a closer 

focus on the competencies that emerged in classrooms according to the observations of 

experienced Quest Atlantis teachers. See Appendix B for the survey statements. 

Technology skills: Teacher observations. The strongest overall observation was 

in technology skills at 98%. Quest Atlantis is accessed on a computer and requires 

students to use a wide range of interfaces in order to configure an avatar, select missions, 

choose response pathways, send telegrams, type in a chat screen, respond to polls, pull 

down actions and view commands, add objects to a virtual backpack (Q-Pod), respond to 

missions with a text editor, and upload documents and graphics. After technology skills, 
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communication, at 92%, is second strongest. Teacher responses to technology survey 

statements 1 through 4 are shown in Figure 6. 

 

Figure 6. Technology skills results. 

Communication: Teacher observations. Communication skills are facilitated by 

the technology interface, enabling students to communicate with their classroom teacher, 

in which assessment comments are entered by the teacher. A successful entry on the part 

of the student ensures completion of part of a mission and allows the student to continue, 

otherwise, a teacher may write a comment asking a student to revise a written response 

and resubmit. Communication skills are also exercised in telegrams and chatting. 

Students have the ability to communicate with anyone currently in the virtual world—

sometimes other students, sometimes teachers from other classrooms. Teacher responses 

to communication statements 21 through 25 are shown in Figure 7. 
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Figure 7. Communication results. 

Global awareness: Teacher observations. Global awareness was the third rated 

21st century competency observed by Quest Atlantis teachers at 91%. Global awareness is 

fostered throughout the set of quests and missions, is part of the Quest Atlantis backstory, 

and is experienced in the everyday interactions in-world by students and teachers. The 

virtual environment is shared by students and teachers from six continents. Students are 

likely to encounter students from Australia, England, the United States, South Africa, 

Japan, Turkey and other countries. While the main language used in Quest Atlantis is 

English, opportunities for language sharing happens frequently as students and teachers 

interact. 

Global concerns recently took the form of sharing compassion for the victims of 

the earthquake-induced tsunami that devastated Japan. Quest Atlantis designers 

responded by adding a new character, Harumu, in the virtual world entry point so that all 

players would encounter him upon logging in to Quest Atlantis. When students clicked 

Harumu, he provided information to help student understand the catastrophic situation. 
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Additionally, Harumu tells the legend of the 1,000 cranes and says he wants to fold 1,000 

cranes in the hopes that his wishes for his friends back in Japan will be realized. Students 

are drawn into this effort when Harumu explains that he needs much more help to make 

the cranes. He shows instructions for making origami paper cranes. Students are invited 

to add one of four wishes to their crane: Health, Hope, Comfort, or Peace. Once students 

complete a virtual crane, a confirmation appears that contains the kanji symbol for those 

words. This is an example of embedding a 21st century competency into a real context, 

and providing the opportunity to participate in deliberate contextual learning that goes 

beyond the walls of the classroom. Teacher responses to global awareness statements 31 

through 35 are shown in Figure 8. 

 

Figure 8. Global awareness results. 

Critical thinking, collaboration, and problem solving: Teacher observations. 

The next range of 21st century competencies were observed as follows: critical thinking at 

87%, collaboration at 84%, and problem solving at 83%. Because these three 

competencies were close in ratings, and because they are often weaved together in 

practice, they are presented as a group in this section (see Figures 9, 10, and 11). Critical 
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thinking, collaboration, and problem solving are typical student practices applied in 

understanding tasks when first presented with each new mission, when talking to the 

main characters, making pathway decisions, conferring with real-world classroom peers, 

coquesting with peers as avatars, and using the real-time navigational system that is 

married to avatars’ movement similar to global positioning programs. As has been 

referenced in this study, students solve problems individually and with peers in a variety 

of ways, including using code machines and graphical organizers, deciphering 

hieroglyphics, and conducting conversational interactions with key virtual characters. By 

design, Quest Atlantis missions take students through the practice of 21st century 

competencies as students play the game. Teacher responses to survey statements 5 though 

10 produced the following results. 

 

Figure 9. Critical thinking results. 

Teacher responses to problem solving survey statements 11 though 14 produced the 

following results. 
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Figure 10. Problem solving results. 

Teacher responses to collaboration survey statements 15 though 20 produced the 

following results. 

 

Figure 11. Collaboration results. 

Creativity: Teacher observations. Creativity was observed at a much lower 

percentage than the other 21st century competencies—Strongly Agree 15% and Agree 

50%. Creativity practice happens as students negotiate various dilemmas and situations, 

provide written responses, configure avatars, and construct virtual 3-D objects alone and 
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in teams. The question arises as to why teachers observed creativity as the lowest of the 

21st century competencies and bears further examination. 

Quest Atlantis offers choices to both teachers and students. For teachers, choices 

are similar to regular classroom curricular choices; that is, the teacher assembles and 

schedules lessons to be taught in the classroom. Similarly, to facilitate learning in the 

virtual world, the teacher uses his or her knowledge of the wide range of available 

missions and chooses which of these to assign to students using the Teacher Toolkit 

(described in Chapter 2). Only the missions selected by the teacher appear on students’ 

home pages, allowing specific academic topics for focus and concentration. This is one 

possibility of the discrepancy in creativity ratings; that is, teachers, feel pressure to 

provide content that teaches to standardized tests, could be leaning toward missions that 

favor math, literacy, and science more than those that target artistic or creative 

expression. A prime example of this is the 3-D building opportunities in one location of 

Quest Atlantis. Building with virtual objects is time consuming and requires adequate 

experimentation time—tinkering time that could be perceived by teachers as 

nonproductive playing time. If teachers do not feel comfortable with 3-D building, they 

could be less likely to assign student time in these areas. 

From the student perspective, choice is a major part of working in Quest Atlantis. 

When students interact with virtual characters, they are typically asked questions that 

have divergent results; that is, one answer will lead down one path, a different answer 

down another. This branching, by student choice, can result in activities, some of which 

require more creativity than others. Students could be influenced by teachers if a general 

classroom focus exists toward math and literacy, for example. Ideally, as the teacher 
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facilitates a mission with students, the choices would remain in the control of the student, 

which helps to increase the ownership, personalization, and, therefore, the engagement 

for the student. 

Students participating in the narrative of a mission are given the opportunity to 

create their own destiny, much the same as people in the real world have everyday 

choices that affect their lives. A central tenet of Quest Atlantis is that students are change 

agents and have the ability to make choices that redirect and redefine their activities as 

they proceed through missions—in short, participants’ actions are meaningful and 

consequential in the environment, determining, among other things, which competencies 

will be practiced. Teacher responses to creativity statements 26 through 30 are shown in 

Figure 12. 

 

Figure 12. Creativity results. 

Cultivating 21st Century Competencies 

As students practice these competencies, they are, in effect, cultivating the 

competencies that enable them to understand and use the content of the missions, whether 

it be genetics, statistics, persuasive writing, metaphors, Internet safety, insects, ancient 
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cultures, or wildlife preservation. Colvin (2008) refers to this kind of learning or 

cultivation of competencies as deliberate practice—the idea of what a person specifically 

practices, and in what environment, constitutes a large part of what a person embodies 

and learns. Earlier research corroborates this idea, including Barab and Duffy’s (2000) 

contention that practice fields cultivate learning and understanding through complex 

interactions with the environment. Brown et al. (1989) argued similarly for a doing and 

knowing perspective; that is, knowledge is situated in the culture and learning is achieved 

through actions and activity with that environment or culture. A student engaged in a 

mission such as Drakos is situated squarely in the practice field described by Barab and 

Duffy (2000) as, “From an instructional perspective, the goal shifts from the teaching of 

concepts to engaging the learner in authentic tasks that are likely to require the use of 

those concepts or skills” (p. 30). Teacher observations of their students exhibiting 21st 

century competencies supports the efficacy of situated learning (Barab & Duffy, 2000; 

Brown et al., 1989; Lave & Wenger, 1991) in which content is learned in a relevant 

context of activity and usefulness to the learner. Student competencies enable learners to 

connect with content-rich environments. 

Research Question 2: Student Engagement 

To explore and examine student engagement, research question 2 asks: To what 

degree are students engaged while learning with Quest Atlantis? This section presents a 

view of engagement through student responses; that is, their expression of engaged 

learning during work in a virtual world during a 5-day period. Research question 2 is also 

informed by the pre- and posttest data presented in this section, which connects the level 

of student engagement to a significant learning gain as measured by traditional testing. 
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Qualitative data on student engagement and quantitative pre- and posttest data were 

supplied by Indiana University. 

Fifteen fourth grade students from a small Midwestern city were studied 

throughout a 5-day period. The classroom teacher and students were experienced with 

Quest Atlantis. Students were accustomed to working in Quest Atlantis as a blended part 

of their general classroom activities. After a pretest of genetics content (see Appendix A), 

the classroom teacher facilitated the introduction to the Drakos mission. For the study, 

students spent approximately 2 continuous hours online each day during a 5-day period 

working on the Drakos mission in the presence of the facilitating teacher. At the 

conclusion of five sessions, working in the Quest Atlantis virtual world, sharing, 

collaborating, writing, communicating, and problem solving, the students were 

administered an engagement survey designed by Indiana University (see Appendix D). 

Points that indicated engagement in the survey coincide with flow (Csikszentmihalyi, 

1990), which is deep immersion in an experience, focused on authentic, meaningful tasks 

(Corno & Mandinach, 1983), and challenging work, immediate feedback, learning 

choices, and social interactions (Jones et al., 1994). Arici (2008) and Suter (2009) argued 

that the sense of presence in an immersive virtual experience serves to situate the 

participant in the activity, and enhances the realness of the setting and its characters. 

Table 3 shows the results of that engagement survey. All students were in low SES 

groups. 
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Table 3 

Engagement Survey Results 

Statement 
N = 15 

Agree 
a lot 
47% 

Agree 
32% 

Agree 
a little 
11% 

Disagree 
a little 

6% 

Disagree 
3% 

Disagree 
a lot 
1% 

1. I was engaged in this 
activity 

10 4  1   

2. I was concentrating 
during this activity  

8 4 1 2   

3. I felt in control of the 
situation. 

9 2 1 2 1  

4. This activity was 
challenging. 

6 4 3  1 1 

5. I was skillful at this 
activity.  

7 3 3 1 1  

6. This activity was 
important to me. 

10 1 1 2  1 

7. I was succeeding at what 
I was doing.  

6 6 3    

8. I was satisfied with how 
I was doing.  

4 8 3    

9. I felt as if I were inside 
the environment.  

9 5 1    

10. I felt as if the 
environment were real.  

8 4 1 2   

11. I felt as if the characters 
were real. 

3 6 5 1   

12. I felt as if I and the 
characters were together in 
the same place.  

4 10  1   

13. I felt as if the events 
were happening at the same 
time I was there.  

6 5 2 1 1  

14. I felt as if I were 
participating in the events.  

8 6  1   

15. I felt as if the events 
were really happening.  

7 5 1  2  

Response Frequency (225) 105 
(6) 

73 (5) 25 
(4) 

14 
(3) 

6 
(2) 

2 
(1) 

Statistics Mean 
5.1 

Median 
5.0 

Mode 
6.0 

Standard Deviation  
1.10 

 
Positive results of the engagement survey support the gains shown from the pre- 

and posttest results shown later in this chapter. The effect of engagement can be seen in 
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the results of a traditional test format. Learning content knowledge as a result of 

engagement and experience in a virtual environment is confirmed in the literature (Barab 

et al., 2006; Barab, Dodge, Thomas, et al., 2007; Barab, Zuiker, et al., 2007; Gee, 2003). 

The responses were numerically valued as follows: Agree a Lot (6), Agree (5), 

Agree a Little (4), Disagree a Little (3), Disagree (2), and Disagree a Lot (1). Statistics 

were calculated in an Excel spreadsheet. Frequency of response values showed that the 

Agree a Lot occurred 105 times, Agree occurred 73 times, Agree a Little occurred 25 

times, Disagree a Little occurred 14 times, Disagree occurred six times, and Disagree a 

Lot occurred two times. Table 3 shows a mean value of 5.1 with a small standard 

deviation of 1.10, indicating tightly grouped values around the mean. The most 

frequently occurring value, the mode, was 6. The median value for this survey was 5. 

When values were grouped by agreement and disagreement, the two resulting sets clearly 

show that 90% of students indicated they were engaged versus 10% indicating they were 

not engaged, as shown in Figure 13. 

 

Figure 13. Engagement survey percentages. 

Disagree 

     10% 

Agree 
90% 
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Engagement is critical to learning. It is a part of the process that keeps a student 

connected and involved in an experience such that he or she will persevere with 

challenging situations (Bridgeland et al., 2006; Finn & Voelkl, 1993; Fredricks et al., 

2004; Ingels et al., 2005; Willms, 2003). With today’s focus on accountability, making 

sure that students learn and measuring that learning have become paramount throughout 

our public schools (Klopfer et al., 2009). 

Analysis of Open-Ended Engagement Questions 

In addition to responding to Likert-style engagement statements, students 

provided answers to the following three open-ended questions about their experiences 

while participating in the Drakos mission. See Appendix E for complete responses. 

1. What was interesting and enjoyable about what you did today? 

2. What was frustrating or not enjoyable about what you did today? 

3. Because of this activity, do you find yourself more interested in genetics? 

Why? 

Responses were brief. Total words for all three response sets consisted of 531 

words, with an average of 14 words per response. To begin reviewing student responses 

for themes or categories related to the research questions, a model by Creswell (1998) 

was used for analyzing the data: reading through responses, making summaries, and 

sorting data into categories or codes. Reading through all responses, the researcher 

underlined key words related to this study’s research questions. The researcher used a 

word frequency program for individual words and for recurring phrases to help create a 

summary. Analyzing at this point involved comparing the resultant summary with themes 

relevant to the research questions, creating categories, and then grouping per category, a 
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method proposed by Bryman and Bell (2007). The following categories emerged from 

grouping words and phrases from student responses. The categories result from 

combining word frequencies of all three questions, the goal of which was to uncover the 

major elements of engagement as expressed by the students. Categories are listed below 

in order of highest frequency of occurrence in student responses. 

• Activity 

• Learning 

• Roles 

• Feelings 

• Sense of Place 

Activity category. Activity was determined by students’ use of action words. 

Words observed as relating to activity were design, splice, breed, catch, caught, doing, 

talk, find, put, deliver, and make. Active participation was described by the students as 

they were catching virtual butterflies and storing them in containers, and using various 

scientific machines such as the splice-o-matic and the breeding tanks to complete tasks. 

As avatars in a the 3-D world, students referenced talking to a giant dragonfly, designing 

new breeds of dragonflies, and using a genetics graphics organizer to match sizes and 

colors of insects for breeding. Activity was an integral part of their feeling of 

engagement. Engagement is enhanced by activity, doing things, and acquiring a hands-on 

feeling even though these activities are occurring virtually. The activity is both a 

foundation and integral part of learning and helps provide the connection for the learner 

to the content that exists in the contextual environment (Brown et al., 1989; Kaptelinin & 

Nardi, 2006; Lave & Wenger, 1991). 
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Example responses. The following example responses are listed below: 

1. What I like about Drakos is when you have to catch dragonflies. 

2. I got to talk to Delon the dragonfly. 

3. I caught 1 big red and 1 little blue to breed drakos. 

4. It also was enjoyable because you got to catch dragonflies. 

Additional activities described included delivering packages, reporting to 

characters when jobs were finished, interpreting clues, finding their way in the world, and 

talking to scientists. With multiple opportunities for choices and instances of activities in 

this virtual world, students are more likely to stay engaged. 

Learning category. Learning as a category was determined by students’ use of 

words referencing their learning. Words observed as relating to learning were learn, 

learned, smart, smarter, know, and interested. Students expressed how being in the virtual 

world helped their learning. References were made to learning being fun, to becoming 

smarter, to being more interested in genetics after doing this mission, and to being more 

interested in science after working in the lab. Additionally, students used learned 

vocabulary such as cloning, breeding, and designing in describing their experiences. By 

using these new words, they illustrated with their own language how their learning had 

grown (Vygotsky, 1978) while also demonstrating a personal connection (enjoyment, 

engagement) to the learning. 

In Quest Atlantis missions, students are presented with role-playing situations and 

opportunities to discuss their own thinking, which allows practice in metacognition. 

When students begin to regulate their approach to learning, they are, in fact, 

demonstrating how they can control their own thinking and learning (Schraw & 
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Moshman, 1995). Missions in Quest Atlantis provide this practice activity while students 

enjoy the engagement and attraction of being in the game. 

Example responses. The following example responses are listed below: 

1. Yes because I learned a lot about genetics and I learned it was fun. 

2. Yes because I want to know how to breed so I can be a scientist. 

3. Getting to learn all about dragonflies and their habitat. 

4. I felt like I am smarter. The first time I did QA I wasn’t that smart. 

5. I found myself more interested in genetics because I did not know how to 

clone dragonflies and did not know what genetics were either. 

Roles category. Roles as a category was determined by references to students 

taking on new roles or identities as a result of working in the Drakos mission. Words 

observed as relating to roles were teacher, scientist, quester, and avatar. Students 

communicated and worked with various male and female character role models in the 

Drakos mission. Uther, Xinga, and Ekon were scientists positioned at different locations 

and each had different purposes and tasks for students. Students observed these role 

model characters in laboratories and other locations using specialized machines, acting as 

teachers, posing challenging questions, and reminding students to check on mission 

progress. Positive role models inspire younger students, providing reasoning for future 

choices in social activity and career choices (Dede et al., 2004). Students expressed the 

excitement and attraction of being scientists and using scientific machines. Practicing 

these specialized roles provided the opportunity to try on new identities, a learning 

activity noted in childhood development through play (Arici, 2008; Barab & Duffy, 2000; 

Vygotsky, 1978) and argued by Lave and Wenger (1991) as being an essential descriptor 
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of legitimate peripheral participation by members of a community or affinity group 

(scientists in Quest Atlantis). 

Example responses. The following example responses are listed below: 

1. Yes because I want to know how to breed so I can be a scientist. 

2. Maybe when I grow up I will know about genetics because maybe I want 

to be a teacher. 

3. It was great because you get to be a scientist and work with people and 

breed drakos in the design-a drakos-pod. 

4. I want to be a scientist now because I know more about genetics. 

Feelings category. The feelings category was determined from student responses 

that indicated a feeling either positive or negative. Words observed as relating to feelings 

were fun, enjoy, challenging, frustrating, cool, easy, exciting, and awesome. While the 

Likert survey of engagement shows that students were mostly engaged and enjoying the 

Drakos mission, comments to the open-ended questions showed that some were 

challenged and the learning was not entirely fun, even at times, frustrating for some 

students. Some of the virtual actions that students did not like were those that were 

repetitive, when selecting an object with a mouse failed to elicit the expected response, 

difficulty in finding certain locations, and using some of the scientific machines to breed 

dragonflies. Characters in Quest Atlantis are not always polite, but intentionally rude 

sometimes in order to provide a practice situation of poor social interactions. This is a 

recurring theme in Quest Atlantis missions, which requires students to choose how to 

respond in a socially responsible manner, a construct referred to as a practice field for 

learning (Barab & Duffy, 2000; Scardamalia & Bereiter, 1993). In working through a 
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sometimes unpleasant encounter with an unfriendly or biased character, students must 

deal with their own feelings and reactions, thereby developing a personal history of 

practicing how to resolve such situations. 

Example responses. The following example responses are listed below: 

1. I thought it was really fun and exciting catching the Drakos. 

2. Yes because it’s fun, challenging, and interesting. 

3. We got lost and the mouse didn’t work. It was hard. 

4. The most frustrating about the Drakos mission is when you have to get 

items for Uther. 

5. The only thing that was frustrating was when you had to find Ekons cave. 

Sense of place category. The place category represents students’ expressions 

about sense of place. An important part of the engagement and attraction to working in a 

virtual world is the sense of place; that is, the way that participants experience space, 

objects, terrain, and other characters when they are navigating inside Quest Atlantis via 

personal avatars (Ketterer & Marsh, 2006; Steinkuehler & Williams, 2006; Suter, 2009). 

Words and references observed as relating to a sense of place were places, cave, habitat, 

being in a 3-D world, thought I was, be, and being. 

Ideally, participants would begin to feel as though they were living inside the 

space and interacting directly with the characters. The engagement survey results for 

statements regarding if students felt they were inside the environment or if the 

environment was real yielded 93% and 87% respectively in agreement. Working and 

solving problems in the Drakos mission involved students finding the atrium location 

where the scientist Uther starts the mission and where the dragonflies lived, working in 
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the lab, discovering Ekon’s disguised cave by clicking on a rock, finding the location of 

Xinga in her laboratory, and encountering the giant dragonfly named Delon. 

Example responses. The following example responses are listed below: 

1. I liked being in a 3-D world like Quest Atlantis. 

2. It was hard to find Ekon but it was cool that he was in a cave. 

3. When you clicked on a rock you entered the cave. 

4. I just like cloning in the lab because you can make more than you have 

5. I thought I was the avatar. 

The idea of immersion has been argued as a critical component of successful 

learning in virtual-world environments (Arici, 2008; Dede et al., 2004; Suter, 2009). 

Qualitative data from students demonstrate that they were not only engaged, but also 

immersed in the virtual environment. 

Discussion of categories. Student references that suggested engagement included 

immersion in the virtual world, catching dragonflies, breeding dragonflies, learning about 

habitats, exploring a cave, using machines, having fun, being a scientist, and talking to 

virtual characters. While some students expressed situations that they found challenging 

or frustrating, some students expressed they were not frustrated. Situations or events 

presented by the students that were frustrating or challenging included following 

instructions from characters in the narrative, traveling back and forth between different 

characters, difficulty finding some characters, becoming lost in the virtual world, 

difficulty catching dragonflies, and breeding dragonflies. 

Students expressed their overall reaction to the events and activities of the Drakos 

mission in terms of having or not having an increased affinity for genetics. Content 
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references included phenotypes, genotypes, genetics, cloning, breeding, calculating with 

a Punnet square, and working as a scientist. Of the 15 respondents, only one student 

replied negatively; the remaining 14 replied positively in regard to an increased interest 

for the concepts learned while working as a genetics scientist in the Drakos mission. 

Figure 13 provides a clear picture of student engagement with the Drakos mission: 90% 

in agreement. 

Traditional Testing: Pre- and Posttest Results 

A common and widely used method for evaluating differences in means between 

two groups is the paired samples t-test (McCall, 2002). For the existing test data in this 

study, the t-test was used to check for a difference in students’ pre- and posttest scores. 

Before and after working in the Drakos mission, the fourth grade students were tested on 

their knowledge of genetics. Tables 4, 5, and 6 show the available data from the pre- and 

post- t-test scores. Provided are results from paired samples correlations, paired sample 

statistics, and paired samples test comparisons. Shown are improvements with the pretest 

to posttest mean increasing from 6.633 to 10.133. Pretest to posttest standard deviation 

changed from 2.0219 to 4.3072. The paired-samples t-test indicated that scores were 

significantly higher for the posttest subscale (M = 10.1, SD = 4.30) than for the pretest 

subscale (M = 6.63, SD = 2.02), t(14) = -3.42, with r = 0.46 and d = 1.04. The gain is 

small, but statistically it is significant. Students showed improved results on the posttest 

following the 5 days of using Quest Atlantis to learn the content of the tests. See 

Appendix A for the pre- and posttests used. 
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Table 4 

Paired Samples Correlations 

Paired Samples Correlations 

 N Correlation Sig. 

Pretotal & Posttotal 15 .400 .140 

 
Table 5 

Paired Samples Statistics 

Paired Samples Statistics 

 Mean N Std. Deviation Std. Error 
Mean 

Pretotal  6.633 15 2.0219 .5221 

Posttotal 10.133 15 4.3072 1.1121 

 
Table 6 

Paired Samples Tests 

Paired Samples Test 

 
 

Pretotal 
and 

Posttotal 

Paired Differences  
 
t 

 
 

df 

 
 

Sig. 
2-

tailed 

 
 

Mean 

 
Std. 

Deviation 

 
 

Std. 
Error 
Mean 

95% Confidence 
Interval  

of the Difference 

 
Lower 

 
Upper 

-
3.5000 

3.9596 1.0224 -5.6928 -1.3072 -
3.423 

14 .004 

Effect Size Calculation: Cohen’s d = 1.0402658399709133 Effect-size r = 0.461445 

 
Discussion of pre- and posttests. A set of traditional test scores was needed for 

this study in light of the current pressures on educators to prove that learning has 

occurred by using tests of learned content. These pre- and posttest scores illustrate that 

student learning in a virtual worlds environment can be accountable, as in traditional 

educational measuring methods. The engagement survey showed the students’ reaction to 

a challenging, nontraditional learning situation, the virtual Drakos mission. The pre- and 

posttests show the connection between a traditional format for obtaining knowledge 
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(testing) with a nontraditional method of exposing students to intended content (genetics). 

The outcome is clear by the data—students not only reported being engaged in the virtual 

worlds environment while learning about genetics (as shown by Figure 13), but the 

knowledge they learned in the virtual environment transferred to a traditional written test, 

and significant gains were shown 

Research Question 3: Other Benefits Teachers Reported 

To examine additional input and thoughts from research participants, research 

question 3 asks: What other benefits do teachers and practitioners see from students 

working in Quest Atlantis? In addition to responding to online Likert-style engagement 

statements, Quest Atlantis teachers also provided answers to the following: 

1. What did you observe or discover about students working in Quest Atlantis 

that you would like to share with this study? 

2. The socioeconomic status of my class would best be described as: 

Low Middle High 

Total words for the response to question 2 above consisted of 753 words, with an average 

of 42 words per response. The researcher used a model by Creswell (1998) for analyzing 

the data: reading through responses, making summaries, and sorting data into categories 

or codes. Reading through all responses, the researcher underlined key words related to 

the seven 21st century competencies addressed in the Quest Atlantis teacher survey. The 

researcher used a word frequency program for individual words and for recurring phrases 

to help create a summary. Analyzing involved comparing the resultant summary with 

themes relevant to the survey questions, creating categories, and then grouping per 



 

 

94

category, a method proposed by Bryman and Bell (2007). See Appendix B for the teacher 

response texts. 

Themes From Open-Ended Teacher Responses 

Question 2 above is directly aligned with this study’s research question 3: What 

other benefits do teachers and practitioners see from students working in Quest Atlantis? 

Responses to the open-ended question on the teacher survey addressed this research 

question. The major themes that emerged from the analysis of text responses were student 

engagement (seven out of 18 teachers), collaboration (six out of 18 teachers), critical 

thinking (five out of 18 teachers), global awareness (four out of 18 teachers), and 

communication (three out of 18 teachers). Table 7 shows the major themes and minor 

themes that emerged from the open-ended response by percentage of reported frequency. 

Table 7 

Major and Minor Themes From the Open-Ended Teacher Question 

Major Themes 

Student Engagement (39%) 
Collaboration (28%) 

Critical Thinking (28%) 
Global Awareness (22%) 
Communication (17%) 

Other Themes (less than 3%) 

Motivation 
Presence in Virtual Space 
Transfer of Knowledge 

Improved Behavior 
Improved work habits 

Social activism 
Teacher Professional Development 

 
Teachers were responding to a question regarding other benefits they might want 

to share with this study. The major themes in Table 6 clearly reinforce the findings in 
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research questions 1 and 2. Research question 1 addresses 21st century competencies, and 

teachers reiterated these in their comments with collaboration and critical thinking (28%), 

global awareness (22%), and communication (17%). The data also connect to research 

question 2, which addresses student engagement (39%). By triangulation, the data from 

the teacher open-ended responses support the two research questions. 

Benefits volunteered by teachers with less than 3% frequency were listed as minor 

themes in Table 7. Motivation, for example, ties directly into engagement; if students are 

motivated to continue, they will persevere in the virtual world or in the real world as well. 

A sense of presence in the virtual space was mentioned as a benefit, which also emerged 

as a theme in the student open-ended responses. If the virtual space is perceived as real 

space, then teachers could expect a higher level of engagement (Steinkuehler & Williams, 

2006; Suter, 2009). Transfer of knowledge is important for any learning situation; the 

idea of what is learned in one context may be extended and utilized in other contexts. 

Improved behavior and work habits were seen as benefits. Deliberate practice of these 

skills through the I-BURST rules of conduct (rules learned by new users of Quest 

Atlantis) and the discipline embedded in activities are common in Quest Atlantis 

missions. Social activism can be viewed as an outcome of the practice of Personal 

Agency in Quest Atlantis. Students are guided through missions and activities in which 

they come to understand that their voices have meaning and that they will be heard. 

Another theme, teacher professional development, is a requirement for educators to enter 

into Quest Atlantis. Teachers undergo four class sessions with a Quest Atlantis trainer, 

and these sessions are conducted online, in-world using the Quest Atlantis program and 

Skype video conferencing simultaneously. Technology professional development, 
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therefore, happens up front as teachers use Internet-based tools to begin training, 

followed by professional development in understanding the Quest Atlantis curriculum, 

making academic mission choices, using the online teacher toolkit, setting up classes of 

students, assigning and monitoring student work, and training students in the use of this 

virtual environment in the classroom. 

SES. Teachers were asked to respond to: The socioeconomic status of my class 

would best be described as: Low, Middle, High. Responses were Low 6, Middle 10, and 

High 2, for a total of 18 classes (see Appendix B). While this study did not devote a 

research question to SES, the numbers recorded by teachers could bring useful 

information to light for the purposes of this study. 

The researcher analyzed teacher observation survey data per SES to investigate if 

patterns or differences might emerge in the teacher ratings of 21st century skills. Table 8 

shows the complete breakdown of 21st century competencies per socioeconomic status. 

Table 8 

Teacher Observations by SES 

Teacher Observations by SES 

 Socioeconomic Level   Socioeconomic Level 

Low Middle Upper Low Middle Upper 

Technology Skills    Communication    

Strongly Agree 75% 70% 88% Strongly Agree 60% 42% 50% 

Agree 25% 28% 12% Agree 37% 46% 50% 

Neither 0% 2% 0% Neither 3% 10% 0% 

Disagree 0% 0% 0% Disagree 0% 2% 0% 

Strongly Disagree 0% 0% 0% Strongly 
Disagree 

0% 0% 0% 

  

Critical Thinking    Creativity    

Strongly Agree 56% 43% 67% Strongly Agree 10% 12% 50% 

Agree 38% 32% 33% Agree 63% 46% 20% 

Neither 3% 11% 0% Neither 23% 40% 10% 

    (table continues) 
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Teacher Observations by SES 

 Socioeconomic Level   Socioeconomic Level 

Low Middle Upper Low Middle Upper 

Disagree 3% 1% 0%  Disagree 4% 2% 20% 

Strongly Disagree 0% 0% 0% Strongly 
Disagree 

0% 0% 0% 

     

Problem Solving    Global 
Awareness 

   

Strongly Agree 54% 35% 50% Strongly Agree 53% 34% 50% 

Agree 42% 43% 25% Agree 47% 50% 50% 

Neither 0% 22% 25% Neither 0% 16% 0% 

Disagree 4% 0% 0% Disagree 0% 0% 0% 

Strongly Disagree 0% 0% 0% Strongly 
Disagree 

0% 0% 0% 

     

Collaboration        

Strongly Agree 56% 33% 50%     

Agree 36% 42% 42%     

Neither 4% 22% 8%     

Disagree 0% 3% 0%     

Strongly Disagree 0% 0% 0%     

 
Table 8 takes a more detailed view of the overall results shown previously in 

Table 7: technology skills were highest across all classes observed, while creativity was 

lowest across all classes. By socioeconomic level, creativity stands out with the least 

observed results in the Lower SES (10%), second lowest in the Middle SES (12%), and 

(50%) for the Upper SES. These are lower values than in any other category recorded in 

the teacher observations. To achieve an overview, Figure 14 shows Strongly Agree and 

Agree results per SES. The following high and low picture emerges for the categories: 
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Figure 14. Technology skills and creativity per SES. 

Technology skills are high and close in value across SES levels, while creativity 

was overall observed at a higher rate in the lower SES levels, followed by the Upper, and 

then the Middle SES level. The reason for higher creativity values among the lower SES 

groups is not immediately apparent from this study’s data and bears further attention. The 

researcher acknowledges that only two classes of Upper socioeconomic background were 

included in the teacher observations of 21st century skills, and this group should be 

enlarged for future examinations to enhance validity of the study. 

Noting that total percentages in agreement across all SES groups were high, and 

that 89% of those observed were middle and lower SES indicates a promising connection 

to virtual learning in terms of the challenges to public schools where the majority of 

achievement issues occur in lower and middle socioeconomic populations. Public schools 
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have increasingly high levels of socioeconomic diversity. Results of the socioeconomic 

breakdown of data in this section speak to the fact that Quest Atlantis seems to be an 

effective method for fostering 21st century competencies across the kind of broad 

population base as is found in public schools. 

Summary 

Three sources of data are provided in this chapter: existing quantitative data from 

student pre- and posttests, existing data on student engagement, and qualitative survey 

results of experienced Quest Atlantis teachers’ observations of students using Quest 

Atlantis in classroom settings. Teacher observations were acquired in an online survey 

targeting 21st century competencies: technology skills, critical thinking, problem solving, 

collaboration, communication, creativity, and global awareness. Additional data were 

gathered on SES, and teachers responded to an open-ended question regarding other 

benefits of Quest Atlantis that could be shared with this study. A discussion of themes 

from teacher responses is provided. The major content themes that emerged from teacher 

comments on benefits they wanted to share with this study were engagement, 

collaboration, critical thinking, global awareness, and communication. 

Pre- and posttest data show gains in learning genetics content from student 

sessions in a Quest Atlantis mission called Drakos. Results of an engagement survey of 

student reactions while working in the virtual worlds mission is shown in Figure 13. 

Students engagement results were 90% in agreement with statements, indicating 

engagement in terms of perceived challenges, control, skill, importance, success, 

satisfaction, participation, and a sense of presence in the virtual world. 
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Three additional open-ended student responses from the engagement survey were 

analyzed for categories. From that analysis, five categories emerged from student 

comments: activity, learning, roles, feelings, and place. Students wrote of their 

experiences and reactions in the comments, expressing the challenges, sometimes the 

frustrations, and all the while using the vocabulary of the virtual-world mission, 

indicating they were learning genetics principles. 

A discussion on SES was presented, pointing out that 16 out of 18 classes were 

composed of lower and middle SES. A breakdown of 21st century skills was shown as 

possibly relevant to future considerations for methods intended to meet the broad 

socioeconomic range of students in public schools. 

This study provides educators and educational game designers with information, 

culled from the literature and this study’s findings, to support virtual-worlds learning in 

classrooms as a means of cultivating 21st century competencies and increasing student 

engagement. The data in this chapter suggest implications not only for classroom 

practice, but also for future research in virtual worlds learning approaches, which will be 

discussed in Chapter 5. 
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Chapter 5: Conclusions 

Organizations and researchers calling for school reform have begun looking 

beyond academic skills in terms of testing factual content, and are considering education 

in terms of the competencies that students need to succeed—21st century competencies, 

which include technology skills, critical thinking, problem solving, collaboration, 

communication, creativity, and global awareness (Dede, 2009; Jenkins et al., 2006; 

Partnership for 21st Century Skills, 2011; Voogt & Roblin, 2010). 

Student engagement with learning, particularly in the current test-heavy 

environment, has been noted as a serious issue in schools across the United States (Barab 

et al., 2010; Bracey, 2009; Finn & Voelkl, 1993; Fredricks et al., 2004; Willms, 2003; 

Yeh, 2008). One promising direction for learning is educational gaming (Barab, Dodge, 

Tuzun, et al., 2007; Gee, 2003). 

This mixed-methods study looked at engagement and acquisition of 21st century 

competencies using a virtual worlds program called Quest Atlantis by surveying 

experienced Quest Atlantis teachers and using existing data. Acquisition of 21st century 

competencies was reported along with high engagement, as well as other related results 

shown in Chapter 4. This chapter is organized as follows: Findings of each research 

question are reviewed, conclusions of the study are provided, future research in creativity 

and socioeconomic implications for virtual worlds learning are given, and the chapter 

concludes with closing thoughts on the promise of virtual learning approaches. 

Review of Findings 

The following sections summarize previous findings as related to each of the 

study’s research questions. 
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RQ1: To what degree do the teachers of students who use Quest Atlantis observe 

21st century competencies acquisition? 

RQ2: To what degree are students engaged while learning with Quest Atlantis? 

RQ3: What other benefits do teachers and practitioners see from students 

working in Quest Atlantis? 

21st century competencies acquisition (RQ1). Results from the Quest Atlantis 

teacher survey showed that their students were practicing and exhibiting 21st century 

competencies in the classroom. Reports on specific competencies showed technology 

skills (98%), communication (92%), global awareness (91%), critical thinking (87%), 

collaboration (84%), problem solving (83%), and creativity (65%). That technology skills 

received the largest percentage could be a result of the situated setting of using Quest 

Atlantis; that is, students interface regularly with laptops and desktop computers, mouse, 

and keyboard. Accessing the virtual world meaningfully also means that students 

understood how and when to use various screens and menus, and knew which icons and 

objects could be clicked to begin a particular action or activity. 

Communication is built-in, so to speak, in that students communicate on many 

different levels. They discuss missions and ask questions of classroom peers, sharing 

information and directions. They send telegrams (a short e-mail) to anyone in the virtual 

world, and can also talk to any other student or teacher in real time with the text screen. 

Communication is modeled as narratives unfold, told by Quest Atlantis characters, and as 

students have the opportunity to respond in conversational situations. 

Teachers responded that their students had a strong sense of global awareness, a 

competency fostered by immersion in a virtual world populated by students and teachers 
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from five continents. Knowing and understanding the significance of one’s place in the 

world and in the local community is supported by missions in which students are asked to 

help with dilemmas or situations that affect everyone. 

Critical thinking, collaboration, and problem solving were, according to the 

teachers, a major part of student behaviors while working in Quest Atlantis. In terms of 

social learning, these three competencies play a major role. Missions such as Drakos 

encourage students to collaborate, to examine problems together, to think through the 

issues of the problem, and to sort possible approaches. The deliberate practice of these 

competencies in meaningful contexts and situations helps students learn how to self-

regulate their approaches and how to apply the competencies to other situations. 

Educators often refer to transfer of knowledge, as in using a fact learned in school for a 

real-world application, whereas learned competencies are applicable beyond the 

restrictions of facts and are a way of being, a way of learning in many contexts. 

Creativity was observed by Quest Atlantis teachers less frequently than any of the 

21st competencies. The Strongly Agree category received 15%. Survey questions limited 

the responses for creativity to artistic expression, manipulating 3-D structures, creative 

language use, and art forms and color. Possible reasons for a smaller frequency of 

observations could be that teachers had not yet assigned missions involving artistic 

expression or learning to build with 3-D structures. 

Student engagement (RQ2). Results came directly from students immersed in 

Quest Atlantis. The student engagement survey (see Appendix D) showed a high level of 

engagement. Students responded in terms of their concentration while working and their 

control of the situation. They indicated they were challenged, they were skillful, and the 
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work was important to them. They said they were succeeding and they were satisfied 

with their progress. The environment, although virtual, seemed real to them such that 

they felt like they were participating in the events of the Quest Atlantis missions. Student 

responses to open-ended questions support the engagement shown by the survey. 

Students used the newly learned vocabulary of the Drakos mission in their responses and 

expressed reinforcement of their engagement in areas of active learning, role models, 

feelings, and described a sense of presence—that locations in the virtual world seemed 

real. 

Because the outcome of enhanced student engagement in schools has been seen as 

directly related to higher student achievement, this study incorporated a pre- and posttest 

to examine the effect of the virtual world on learning. Students showed by their test 

scores that they had made a significant gain in learning the genetics content of the Drakos 

mission. 

The connections to engagement and increased achievement are evident, and in 

that the learning happened in a nontraditional setting; using virtual worlds–based 

curriculum speaks to the efficacy of the approach. Transfer of knowledge can be shown 

by these results as well because the experience-embedded content in Drakos was different 

than the format and style of the tests. The test data illustrate that student learning in a 

virtual worlds environment is as accountable as traditional educational methods. 

Other benefits (RQ3). In order to uncover any other topics or concerns not 

specifically addressed by this study, Quest Atlantis teachers were asked the following 

question: What did you observe or discover about students working in Quest Atlantis that 

you would like to share with this study? The number one theme expressed by teachers, 
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which is highly significant to this study, was that students were engaged learners while 

using Quest Atlantis. This is important in that it supports the student engagement data 

described by RQ2. Not only were students exhibiting 21st century competencies, but they 

were highly engaged, an argument supported in the literature (Barab, Dodge, & Ingram-

Goble, A, 2006; Dede et al., 2004; Finn & Voelkl, 1993; Fredricks et al., 2004; Gee, 

2003; Willms, 2003; Yeh, 2008). 

Minor themes that emerged include improved behavior and work habits, transfer 

of knowledge, social activism, motivation, a sense of presence in the virtual space, and 

teacher professional development. Classroom management experts have written on many 

occasions that one of the keys to a well-run classroom where behavior problems are 

minimized and students are working is keeping students engaged in their learning (Hoy & 

Weinstein, 2006). Teacher professional development is an important minor theme, as it is 

one of the significant aspects of improving student achievement being addressed in recent 

years (NETP, 2010; Partnership for 21st Century Skills, 2011). 

Conclusions 

The purpose of this study was to cast light on effective virtual-world approaches 

that cultivate 21st century competencies and student engagement in schools. Based on the 

information from the literature on engagement, educational gaming, virtual environments, 

student achievement, learning theory, 21st century competencies, and on the analysis of 

quantitative and qualitative data, the following conclusions can be made from this study: 

1. Using Quest Atlantis fosters the acquisition of 21st century competencies in 

students as reported by their teachers; 
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2. The Quest Atlantis virtual environment is highly engaging for students 

according to reports from both students and teachers; and 

3. Academic content learned in the Quest Atlantis virtual world can be used as a 

measure of understanding in that it transfers to traditional testing formats. 

Quest Atlantis cultivates 21st century competencies. Data analyzed in this 

study show that Quest Atlantis teachers are observing 21st century competencies in the 

behaviors and actions of their students. The data show this in the teacher survey and in 

the teacher open-ended comments (see Appendix B). 

The importance of these competencies is supported in the literature from the 

perspective of practice fields (Barab & Duffy, 2000) learning by doing (Dewey, 1963; 

Gee, 2003), situated cognition (Brown et al., 1989), collaborative learning in 

communities (Jenkins et al., 2006; Lave & Wenger, 1991; Squire et al., 2008), and 

deliberate practice (Colvin, 2008). In the act of using these competencies, students 

cultivate new levels of competency and deeper understanding of associated content. 

Immersion in a pursuit, whether in the real or virtual world, places the learner ready to 

proceed on a complex journey in which he or she will use a combination of knowledge 

and competencies to succeed (Gee, 2003). In Quest Atlantis, learners of differing abilities 

and interests find themselves challenged to complete missions, which directly and subtly 

take the learners on a practice path to embark on systematic use of technology skills, 

critical thinking, problem solving, collaboration, communication, creativity, and global 

awareness. 

New research on 21st century competencies by Peppler and Solomou (2011) has 

been published since this researcher began the current study; their research supports 
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previous literature on learning in virtual worlds, as well as supporting data from the 

current study. Peppler and Solomou focused on digital creativity as it occurs in a virtual 

architecture unit in Quest Atlantis. Collaboration, problem solving, communication, and 

the use of social media emerge as significant means of fostering creativity in their work. 

Their view offers a blending of 21st century competencies and demonstrates the 

interrelatedness of the competencies that are integral to learning. They argue that 

creativity in virtual worlds can be seen as more collaborative than individual behavior. 

The Likert-style questions to Quest Atlantis teachers on creativity from the current study 

(see Appendix B) also examine building with 3-D structures as a descriptor of creative 

behavior. Peppler and Solomou describe creativity in terms of collaborating in 3-D space 

while socializing and collaborating with communication technology: “Creative ideas 

were those that were adopted in the 3D space and were appropriated within Questers’ 

online chat and building practices” (p. 18). Clearly, this new research also uncovers 

evidence of students deliberately practicing, effectively cultivating 21st century 

competencies. 

Virtual environments enhance student engagement. Likert-style data as well as 

open-ended response data in this study show that students experienced high levels of 

engagement in Quest Atlantis. Engagement in Quest Atlantis is fostered as students have 

opportunities for choice, socialization, exploration, and individual curriculum pathways 

(differentiation). Actions by students in Quest Atlantis have consequences and meaning 

that enhance engagement with learning activities and associated content (Barab & Duffy, 

2000; Lave & Wenger, 1991). Peer teaching and collaboration happen naturally as 

students solve problems and navigate the terrain of the virtual environment, teleporting to 
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different worlds, encountering role models, negotiating meaning, creating with 3-D 

structures, renting virtual land, and all while learning academic content embedded in 

missions and quests. 

Knowledge is transferred from virtual to real-world applications. This study 

showed that students learned genetics content through their experiences in the Quest 

Atlantis Drakos mission, and the evidence of that learning was shown in traditional 

testing format. Students gained knowledge of dragonfly phenotypes through immersive 

virtual world experiences, then transferred their understanding to a posttest requiring a 

basic understanding of genetics. 

With the focus of today’s schools overwhelmingly on standardized testing, 

educational gaming may be perceived as inappropriate for meeting accountability 

requirements. This study has shown otherwise. Evidence from the literature on virtual 

world learning benefits (Annetta et al., 2009; Arici, 2008; Barab, Dodge, Tuzun, et al., 

2007; Gee, 2003; Gee & Shaffer, 2010) confirms that participants consistently gain 

knowledge at high levels, and further, use their acquired knowledge and experiences to 

continue their personal learning paths (i.e., they only move forward in the game if they 

learn and succeed with each mission task). Gee (2003, 2005) wrote extensively on the 

intrinsic engagement of virtual learning coupled with the acquisition of in-world 

knowledge and competencies that are not only readily useful in the real world, but are 

quickly becoming requirements by companies seeking competent innovative, 

collaborative workers. 
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Suggestions for Future Research 

This mixed-methods study showed literature research and data supporting 

promising virtual world approaches for fostering 21st century competencies and 

increasing student engagement in schools. The results of this study can be useful to 

educators as they struggle with pressures from politicians and the U.S. Department of 

Education to show improvement in student achievement. As educators make decisions for 

software in schools to help student achievement, they are encouraged to seek solutions 

such as Quest Atlantis, one which has been shown to foster 21st century competencies, 

increase student engagement, and promote the learning of testable academic content. 

From the data returned in this study, two topics for further research in virtual worlds 

learning have emerged: creativity and the effect of SES. 

Creativity. Creativity was scored the lowest among the observable 21st century 

competencies. Possible reasons could include teacher choices in missions such that 

creativity-based lessons might be overlooked if teachers feel pressure to assign missions 

in math or literacy. Building 3-D structures in Quest Atlantis is a creative endeavor that is 

perhaps among the most free form of available activities. Building takes considerable 

time to practice and learn and could be seen by teachers as a poor use of time in a school 

day under pressure to cover curriculum. Current studies by Peppler and Solomou (2011) 

are progressing in this area, combining literature themes with architecture and social 

media to bring creativity to light in virtual worlds. To expand on their work, an in-depth 

study of creativity as it applies to concrete actions that teachers can see as increasing 

student achievement is recommend. A qualitative study involving a version of the pre- 
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and posttesting done in this study could be applied to creative writing, design, and fine 

arts content. 

In fostering 21st century competencies, creativity underpins a particular area of 

importance. Innovation is highly regarded and is often touted as the key to economic 

success and the future of the United States. To be innovative involves an understanding 

of how to create, and most often, innovators have been seen to emerge after significant 

experiences and education rather than being born on the cutting edge of a discipline 

(Jones, 2008). Participating with others, collaboratively solving problems, can lead to 

innovative approaches. Creating can mean observing what exists, and assembling those 

components or concepts in atypical ways sometimes contrary to the status quo. 

SES. This study did not target SES as one of the research questions, but SES 

emerged as an area with possible implications. A quantitative study of student SES as it 

relates to learning in virtual worlds is recommended. SES came to light in this study 

because of the broadening, diverse population of students attending public schools. SES 

in education has been analyzed for many purposes, but most often for allocation of 

services or revenues. Educators have pointed to inequities in schools in that many low 

income groups in predominantly low income populated schools spend more time drilling 

for tests than students in more affluent schools. Opportunities for developing 21st century 

competencies are rarely observed under test-heavy conditions where teachers and 

administrators are under pressure to meet standardized test goals. It is feasible that 

specific variables related to SES could emerge to guide further the design  of effective 

and engaging virtual worlds learning environments, especially for students in high-needs 

schools. Applying a virtual worlds quantitative study targeting specific content such as is 
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currently under development in the Common Core Standards could be an approach 

advantageous to both disengaged students and educators seeking to meet the new 

standards. 

Summary 

This study has explored new learning approaches using virtual worlds as a means 

for addressing low student engagement in schools and fostering 21st century 

competencies. While standardized testing has been the major approach in attempts to 

improve student achievement, it has not been shown to be an effective solution, as 

educators and researchers agree that excessive preparation and practicing for tests does 

not address the competencies students need for learning to take place. Education 

recommendations at the national level present a broader view of learning beyond 

traditional schooling. The U.S. Department of Education has published in its NETP 

(2010) that academic content can be taught and learned in a variety of situations using 

educational technology, and student achievement can be seen and measured in ways other 

than high-stakes standardized testing. New ideas include promoting 21st century 

competencies and creating noninvasive assessments with technology to measure those 

competencies. The need to engage students in small and large groups, in which they 

participate in learning suited to individual interests, is cited as what learning should look 

like. Included in the recommendations of methods for engaging students are virtual 

worlds, games, and other interactive, exploratory technologies with embedded academic 

content. The NETP (2010) states, “Twenty-first-century competencies and such expertise 

as critical thinking, complex problem solving, collaboration, and multimedia 

communication should be woven into all content areas” (p. 13). 
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This mixed-methods study used quantitative and qualitative data from students 

and trained teachers experienced with a virtual worlds learning environment called Quest 

Atlantis. Research questions addressed teacher observations of 21st century competencies 

in students, the degree that students are engaged with Quest Atlantis, and looked for other 

benefits seen by teachers. Findings indicated that 21st century competencies were 

demonstrated in high frequency among students, as reported by teachers; students were 

highly engaged; content learned in virtual worlds was evidenced in traditional testing; 

and low SES students demonstrated 21st century competencies as much as other students. 

Future research is recommended to examine why relatively lower levels of student 

creativity were reported by teachers in this study. Additionally, because students of low 

SES showed equal or better results in 21st century competencies, further study of 

socioeconomic variables relating to learning in virtual worlds is recommended. 

Quest Atlantis is one example of virtual worlds learning that brings many critical 

aspects of learning together. As educators make decisions about future effective learning 

approaches, and as educational game designers move toward innovative products, both 

groups may see mutual benefit as their interests intersect in virtual worlds. 
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APPENDIX A 

Pre- & Posttests 

Name: ______________________________________ Date: __________ 

 

SECTION A 

1. Your class just received six new hamsters. Their names are Billy, Suzy, Meimei, 
Ogun, Hiro and Kaya. The chart below shows what we know about hamster genes. 
Use your knowledge of genetics to find out more about your new pet hamsters. 

Hamster Genes 

Fur length Long: BB or Bb Short: bb 

Tail Tail: RR or Rr No tail: rr 

Color Brown: DD or Dd White: dd 

 

 

 

 

 

 

 

 

 

Study the chart on hamster genes. Look at Billy the hamster’s genotypes and answer the 
following questions. 
 

A. What type of fur does Billy have? _______________________ 

B. Does Billy have a tail?   ________________________ 

C. What color is Billy?   ________________________ 
 

 

 

 

 

 

 

 

Study the chart on hamster genes. Circle ALL the genotypes that might match Suzy the 

Billy the hamster 

genotypes 

Bb 

Rr 

Dd 

Suzy the hamster 

phenotypes 

Short fur 

Has tail 
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hamster’s phenotypes: 
 

D. Suzy has short fur. What might her fur genotype be? 

BB    Bb    bb 

E. Suzy has a tail. What might her tail genotype be? 

RR    Rr    rr 

2. Put dots in the spaces that represent ADULTS on a Punnett Square. 

  

  

  

 

3. Meimei and Ogun are going to have babies. Use the chart below to answer the 
questions about their offspring. 

 

 

 

 
 

 

 

 

 
 
 

 
 
 
 

A. Use the Punnett Square on the right to answer the 

question. You can also use the information in the chart 

above. 

 
Could one of Meimei’s and Ogun’s offspring have 
short fur? 

       Yes ____     No ____ 
 

Hamster Genetics 

Fur length Long: BB or Bb Short: bb 

Tail Tail: RR or Rr No tail: rr 

Ogun the 

hamster’s 

genotype 

bb 

Meimei the 

hamster’s 

genotype 

Bb 

 

 

B b 

b   

b   
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B. Meimei has the Rr genotype for tail while Ogun has no tail. Use the space 

below to show your work and answer questions C and D. 

 
C. Could one of Meimei’s and Ogun’s offspring have a tail?  Yes ____    No ____ 
D. If Meimei and Ogun have 4 offspring, how many will have no tail? 

      0 ____    1/4 ____    2/4 ____    3/4 ____    4/4 ____ 

4. Hiro and Kaya are going to have babies. Use the chart below to answer the 

questions about their offspring. You may use the Punnett Square below to help you. 

 

Hamster Genetics 

Fur length Long: BB or Bb Short: bb 

Tail Tail: RR or Rr No tail: rr 

 

 

 

 

     

     

     

     

     

 

  

 

A. Using the Punnett Square above, could one of Hiro and Kaya’s babies have 

long fur and AND a tail? 

Yes ____    No ____ 

 

B. If Hiro and Kaya have 16 babies, how many will have long fur AND no tail? 

Circle the correct answer. 

Hiro the hamster’s 

genotypes 

bb 

rr 

Kaya the hamster’s 

genotypes 

Bb 

Rr 
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1/16 2/16 3/16 4/16 5/16 6/16 7/16 8/16 

9/16 10/16 11/16 12/16 13/16 14/16 15/16 16/16 

 

OR, impossible to tell from what’s given ____ 

 

5. Another inherited trait in hamsters is size, represented by the letter A. Large size 

is the dominant phenotype. Both Billy and Suzy are big, but they had 3 big and 1 small 

offspring. 

 

A. Based on the information above, which genotype does Suzy have? ________ 

B. Based on the information above, which genotype does Billy have? ________ 

C. Another class in your school wants to have hamsters of their own. They have 

asked for baby hamsters with a particular color. Please use the information below 

to help you decide which hamsters to breed. 

 
Hamster characteristics:        D = Dominant (brown)      d = Recessive (white) 

 

Female hamsters 

 
Genotype: DD 

 
Genotype: Dd 

 
Genotype: dd 

 

 

 

 

 

 

Male hamsters 

Genotype: DD 
 

Genotype: Dd 

 
Genotype: dd 

 
A. Which pair of male and female hamsters will produce: 

 100% brown hamsters?  ________________________ 

Kaya Suzy Meime

Bill Ogun Hiro 
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100% white hamsters? ________________________ 
50% brown and 50% white hamsters? _________________ 
 

B. You are also required to produce hamsters of specific size and color. 

 Size Trait:         A = Dominant (big)            a = Recessive (small) 
Color Trait:        D = Dominant (brown)      d = Recessive (white) 

 

 

Fill in the Punnett square below with the AADD and AaDd genotypes. 

 

Genotypes: 

     

     

     

     

     

 

 

C. How many of the following phenotypes are possible if you breed AADD and AaDd? 

Big brown______  Big white _______  Small brown ______  Small white _______ 

 

1. Draw a line to match a term to the example given. 

 
Term  Definition 

   
allele  F 

   
phenotype   FfYy 
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genotype 
 

trait 

 
 
 

color 
 

green 

   

 

 

  

 

  

2. Laura and Tim hamster both have brown fur. But their baby, Tabitha, has white fur. 

 
a. Use all or some of the terms given in the box to explain how Tabitha has 

white fur. 

 

 

 

 

 

b. Use all or some of the terms given in the box to explain why Tabitha the 

hamster’s parents BOTH have brown fur. 

 

 

 

phenotype 

genotype 

recessive 

dominant 

phenotype 

genotype 

recessive 

dominant 
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Post Test 

Name: ___________________________________________ Date: __________ 

 

SECTION B 

1. The pet store in your neighborhood just received six new cats. Their names are 
Mark, Layla, Ling, Menos, Jin and Hime. The chart below shows what we know 
about cat genes. Use your knowledge on genetics to find out more about the cats. 

Cat Genes 

Fur length Long: BB or Bb Short: bb 

Tail Tail: RR or Rr No tail: rr 

Color Brown: DD or Dd White: dd 

 

 

 

 

 

Study the chart on cat genes. Look at Mark the cat’s genotypes and answer the following 
questions. 
 

F. What type of fur does Mark have? _______________________ 

G. Does Mark have a tail?   ________________________ 

H. What color is Mark?   ________________________ 
 

 

 

 

 

 

Study the chart on cat genes. Circle ALL the genotypes that might match Layla the cat’s 
phenotypes: 

 

I. Layla has long fur. 

J. What might her fur genotype be? 

BB    Bb    bb 

Mark the cat 

genotypes 

Bb 

RR 

dd 

Layla the cat 

phenotypes 

Long fur 

No tail 
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K. Layla has no tail. What might her tail genotype be? 

RR    Rr    rr 

2. Put dots in the spaces that represent OFFSPRING on a Punnett Square. 

  

  

  

 

3. Ling and Menos are going to have babies. Use the chart below to answer the 

questions about their offspring. 

 

 

 

 

  

 

 

 

 

 

 

 
 
 

  

Use the Punnett Square on the right to answer the question. You can 

also use the information in the chart above. 

 
Could one of Ling’s and Menos’ offspring be white? 

       Yes ____     No ____ 
 

 
E. Ling has the Rr genotype for tail while Menos has no tail. Use the space 

below to show your work and answer questions C and D. 

 
 
 
 

F. Could one of Ling’s and Menos’ offspring have a tail? 

Cat Genes 

Tail Tail: RR or Rr No tail: rr 

Color Brown: DD or Dd White: dd 

Ling the 

cat 

genotype 

Dd 

Menos the 

cat 

genotype 

dd  D d 

d   

d   



 

 

131

Yes ____    No ____ 

G. If Ling and Menos have 4 offspring, how many will have no tail? 

      0 ____    1/4 ____    2/4 ____    3/4 ____    4/4 ____ 

4. Jin and Hime are going to have babies. Use the chart below to answer the questions 

about their offspring. You may use the Punnett Square below to help you. 

 

Cat Genetics 

Fur length Long: BB or Bb Short: bb 

Tail Tail: RR or Rr No tail: rr 

 

 

 

 

     

     

     

     

     

 

  

 

A. Using the Punnett Square above, could one of Gin and Hime’s babies have 

long fur and AND a tail? 

Yes ____    No ____ 

 

B. If Jin and Hime have 16 babies, how many will have long fur AND no tail? 

Circle the correct answer. 

 

Hime the cat 

genotypes 

Bb 

Rr 

Jin the cat 

genotypes 

bb 

rr 
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1/16 2/16 3/16 4/16 5/16 6/16 7/16 8/16 

9/16 10/16 11/16 12/16 13/16 14/16 15/16 16/16 

 

OR, impossible to tell from what’s given ____ 

5. Another inherited trait in cats is size, represented by the letter A. Large size is the 

dominant phenotype. Both Mark and Layla are big cats. But they had 3 big and 1 

small offspring. 

 

D. Based on the information above, which genotype does Mark have? ________ 

E. Based on the information above, which genotype does Layla have? ________ 

 

 

3. Customers at the pet store want kittens with a particular fur color. Use the 

information below to help you decide which cats to breed. 

 
Cat characteristics:        D = Dominant (brown)      d = Recessive (white) 

 

Female cats 

 
Genotype: DD 

 
Genotype: Dd 

 
Genotype: dd 

 

Male cats 

Genotype: DD 

  
Genotype: Dd 

 
Genotype: dd 

 
D. Which pair of male and female cats will produce: 

 100% brown cats?  ________________________ 
100% white cats? ________________________ 
50% brown and 50% white cats? _________________ 
 

E. You also need to produce cats of specific size and color. 

Hime LinLayla 

Mark Menos Jin 
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Size Trait: A = Dominant (big) a = Recessive (small) 
Color Trait: D = Dominant (brown) d = Recessive (white) 

Fill in the Punnett square below with the AaDd and AaDd genotypes. 

Genotypes: 

     

     

     

     

     

 

F. How many of the following phenotypes are possible if you breed AaDd and AaDd? 

Big brown______  Big white _______  Small brown ______  Small white _______ 

4. Draw a line to match a term to the example given. 

 
Term  Definition 

   
allele  F 

   
phenotype   FfYy 

   
genotype 

 
trait 

 
 
 

color 
 

green 
   
   

5. Kym and Jack cat both have brown fur. But their baby, Melinda, has white fur. 

 
a. Use all or some of the terms given in the box to explain how Melinda has 

white fur. 

 

 

phenotype 

genotype 

recessive 

dominant 
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b. Use all or some of the terms given in the box to explain why Melinda the 

kitten’s parents BOTH have brown fur. 

 

 

 

 

 

 

phenotype 

genotype 

recessive 

dominant 
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APPENDIX B 

Teacher Survey Results and Survey Statements 

This appendix contains the tally of responses by Quest Atlantis teachers to the 

online survey. The table shows responses to the Likert-style statement. Following the 

table are the responses to the an additional open-ended question which concludes the 

survey. 

Because some statements were designed with a negative phrasing, those 

statements’ numbers were reversed in the analysis. For example, the statement ‘My 

students do not understand how to sort information according to validity and 

truthfulness’ expresses a critical thinking observation in a negative phrasing which 

requires a Strongly Disagree response to express a positive connotation. For statements 

10, 14, and 18, results were rearranged for the purposes of tabulation. For example a 

response of Strongly Disagree was translated to Strongly Agree for statements 10, 14, 

and 18. These are marked with an asterisk *. 

Statement 

n = 18  

Strongly 
Agree 
44% 

Agree 
41% 

Neither 
Agree or 
Disagree 

13% 
Disagree 

1.9% 

Strongly 
Disagree 

0.1% 

Technology Skills 1-4      
1. I observed my students using 
computer menus to select working 
activities. 14 3 1   
2. My students used a directional 
navigation system for movement in 
the virtual world. 15 3    
3. My students managed a virtual Q-
pak of items and artifacts collected 
during missions.  9 9    
4. My students used icons, 
interactions with virtual characters, 
and active links to process questions 
and information. 14 4    
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Critical Thinking 5-10      

5. I observed my students 
considering ethical dilemmas. 12 6    
6. I observed my students gathering 
information from interviews and 
making ethical decisions. 13 3 2   
7. I observed my students dealing 
with ethical situations concerning the 
environment.  8 7 3   
8. I observed my students 
interpreting language or word 
differences to understand a situation. 5 10 3   

9. My students understand reasons 
for caution in online environments. 13 4  1  
*10. My students do not understand 
how to sort information according to 
validity and truthfulness. 3 10 4 1  

Problem Solving 11-14      
11. I observed my students 
practicing problem solving 
techniques. 9 9    
12. I observed students using 
knowledge from Quest Atlantis to 
solve new problems. 4 9 5   

13. I observed my students openly 
discussing solutions to problems. 11 7    
*14. I did not observe problem 
solving skills transfer from Quest 
Atlantis to other uses in the 
classroom by my students. 7 3 6 2  

Collaboration 15-20      
15. My students helped each other 
understand how to complete 
scientific experiments in Quest 
Atlantis. 5 6 7   
16. My students understand that 
collaborating leads to problem 
solving. 9 8 1   
17. I observed my students co-
questing (helping each other through 
the mission). 10 5 3   
*18. My students do not understand 
they are accountable for their 
behavior in Quest Atlantis. 10 7   1 
19. I observed an increase in 
collaboration skills among my 
students in one or more areas of 6 9 2 1  



 

 

137

Quest Atlantis. 

20. I observed leadership skills as a 
result of collaboration among my 
students. 5 10 3   

Communication 21-25      
21. I observed my students using the 
chat feature to ask questions and 
socialize with other students and 
teachers in Quest Atlantis. 13 4 1   
22. I observed written responses on a 
variety of topics such as math, 
science, character education, art, and 
ecology among my students.  8 8 2   
23. My students readily shared and 
taught each other what they learned 
in Quest Atlantis. 14 4    
24. I observed increased effort on 
reading related to accomplishing 
goals of the missions among my 
students. 9 8 1   
25. I observed my students 
expressing ideas of compassion and 
understanding in their writing. 2 13 2 1  

Creativity 26-30      

26. I observed artistic expression by 
my students working in missions. 2 11 5   
27. My students manipulated 
dimensions and placement of 3D 
structures. 4 7 5 2  

28. I observed my students creativity 
in written responses to missions. 4 10 4   
29. I observed my students’ 
responses to art forms, colors, or 
concepts. 2 8 7 1  
30. I observed the creative use or 
interpretation of language by my 
students. 2 9 6 1  

Global Awareness 31-35      
31. I observed examples of my 
students’ understanding of another 
location in the world. 10 7 1   
32. I observed my students write or 
discuss how students from other 
cultures are different in many ways, 
but also the same in many ways. 5 9 4   
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33. I observed my students working 
on problems that affect other 
communities. 8 9 1   
34. My students understand that 
Quest Atlantis has students from all 
over the world who may or may not 
speak English. 8 9 1   
35. My students understand how 
human actions can affect the entire 
planet. 7 10 1   

The socioeconomic status of my 
class would best be described as: Low 6 Middle 10 Upper 2 

 
Open-ended Survey Question: 

What did you observe or discover about students working in Quest Atlantis that you 

would like to share with this study? 

It had more impact when I introduced Quest Atlantis with an immigrant unit of study. 

They began to explore QA as immigrants eager to find out about their new world and 

sharing discoveries with one another. It was also interesting how they learned to play tag 

and hide n’go seek in the virtual world. 

They loved to come in and share new adventures many about meeting students from other 

countries. 

Excellent way to have students understand the etiquette they must have in this 

collaborative online society we have today. I have only had one minor infraction the 

college had to tell me about this year about spamming with too many exclamations! I 

have done this for two years now and I find it worthwhile both, academically and socially 

with my students. Planning on more next year. It is the best motivational tool. No one 

ever balks at homework. All in all this is a very real and practical tool for teaching 21st 

century students. 

My students who used Plague last year have consistently returned to that touchstone 

experience in other conversations, including, but not limited to, other types of persuasive 

writing and ethical dilemmas involving the rights of individuals versus the needs of the 

community. 

 

Where to begin? Perhaps I should confess that I have NEVER been pleased with the 

published curriculum provided for my use, but instead have always developed my own. 

Otherwise, the response to a questionnaire of this type above would have been totally 

abysmal. Then along came Quest Atlantis, about which I cannot say enough. This 

program has provided the contact and relationship I needed both between my distance 
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education students and myself. The focus and quality of the curricular content means that 

I now have 18 years worth of paper curriculum in storage. The format of this platform 

has transformed my students from being unengaged isolates, to enthusiastic collaborators. 

They are no longer my students, but part of a team (my digital jedis) (independent 

learners) who are determined to change the world for the better through personal 

development and the social activism that this prepares them for. The success 

implementation of this program will depend upon a number of factors to do with the 

technology and personnel involved. However, learning through Quest Atlantis has been a 

life-changing experience for my students and taken my own professional development to 

a whole new level. While the “gamification” of education seems to be gaining ground, 

programs of this caliber need to be held up as an exemplar of what can/should be 

accomplished through the utilization of virtual worlds in education. Indeed, Quest 

Atlantis has become a stepping stone to much, much more. I will not give my email 

address out, in case that should disqualify this survey, but I will let Dr. ____ know that I 

would be glad to respond in greater depth to any further questions. 

QA engages students who are disaffected, disengaged, gifted, or support students. 

Students were more engaged with the materials than in regular classroom studies. 

My students are now understanding that they are not just playing a game, they are 

relating their own experiences to real-world situations presented in the quests and 

missions. 

Students ask for help so many times to teacher and their friends. 

I observed engaged learners. 

I was surprised how quickly the kids found their way around the world using the real time 

directions. 

They began to describe the world as though they were really in it like showing each other 

how to go up the hill to Otak’s cave and describing how to walk past the wall and look to 

the right. It was a great shared experience for them. 

The idea of knowing that the world is a big connected place was a realization for my kids 

from QA. Now they can collaborate internationally. 

Having to provide written responses in order to progress saw students improving their 

writing. 

Students were very adventurous and made and shared many new discoveries in the 

worlds. 

Kids took control of their learning and shared what they learned. Behavior problems were 

less with QA. 

That they are increasingly willing to take appropriate risks, to explore, to revise work, to 
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innovate and question the value of traditional learning. 

That they are increasingly willing to take appropriate risks, to explore, to revise work, to 

innovate and question the value of traditional learning. My students work on Quest 

Atlantis transferred to their class work. Their writing and understanding in class was 

evident of their work in Quest Atlantis. 
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APPENDIX C 

Participant Informed Consent (e-mail) 

 

Dear Participant, 
My name is Terry Smith and I am conducting a study under the supervision of my faculty 
supervisor, Dr. Paul Sparks of Pepperdine University. This research is part of my 
dissertation in partial fulfillment of the requirements for my doctorate in education from 
Pepperdine University. 
 

Study Purpose 

The purpose of this study is to obtain an understanding of how selected 21st century 
competencies are exhibited by elementary students as a result of learning experiences in 
the virtual worlds program, Quest Atlantis. This study is directed toward benefiting K-12 
students and educators, while helping to clarify authentic learning situations for 
educational virtual world game designers. 
 
Number of People Taking part in the Study 

If you agree to participate, you will be one of up to 30 participants worldwide who will 
be involved in this research. 
 

Procedures for the Study 

Your participation will require about ten to fifteen minutes to complete an anonymous 
online survey which can be done at your convenience. A desired time frame for 
responding would be within two weeks of receiving your email invitation to participate. 
The findings of the study will be published in my dissertation and possibly other 
scholarly journals. 
 
Risks of Taking part in the Study 
There are no known risks to participants. Your professional abilities or methods are under 
no scrutiny in this study, and only a small amount of your time is lost in participation. 
Participation involves no loss of benefits to which participants are otherwise entitled. 
 
Benefits of Taking part in the Study 
Possible benefits of the study include identifying new strategies of teaching for 
differentiated learning with virtual worlds technology in elementary schools. 
 
Alternatives to Taking part in the Study 

Your participation in the survey is voluntary and you are free to withdraw from 
participating at any time. 
 

Confidentiality 

Your identity will be kept confidential. All email addresses and survey data will be stored 
on a password protected disk drive and will remain secure for 3 years. destroyed at the 
end of the project, or within three years, whichever comes first. 
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Costs 

Taking part in this study involves no costs to you. 
 

Payment 
You will not receive payment for taking part in this study. 
 

Contacts for Questions or Problems 

For questions about the study, contact the researcher, Terry Smith, or the Graduate 
School of Education and Psychology at Pepperdine University. 
 

For questions about your rights as a research participant, contact Pepperdine University 
Graduate and Professional Schools Institutional Review Board (GPS IRB). 
 

Participant’s Consent 

If you would like to participate in this study, then please go to __(URL)____. The 
opening page of the online survey states that if you take the survey, you are giving your 
informed consent to take part in this study. Please proceed to the online survey. 
 
 
Sincerely, 
 
Terry  K. Smith 
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APPENDIX D 

Student Engagement Survey 

NAME ______________________________ DATE __________ 
Reflect on the activity that you completed. Please respond to the sentences below by checking the 
box that most describes how you thought and felt about the activity. 

 

 Agree a 
Lot 

Agree 
Agree a 
Little 

Disagree 
a Little 

Disagree 
Disagree 

a Lot 

1. I was engaged in this 
activity. � � � � � � 

2. I was concentrating 
during this activity. � � � � � � 

3. I felt in control of the 
situation. � � � � � � 

4. This activity was 
challenging. � � � � � � 

5. I was skillful at this 
activity. � � � � � � 

6. This activity was 
important to me. � � � � � � 

7. I was succeeding at 
what I was doing. � � � � � � 

8. I was satisfied with 
how I was doing. � � � � � � 

9. I felt as if I were 
inside the 
environment. 

� � � � � � 

10. I felt as if the 
environment were 
real. 

� � � � � � 

11. I felt as if the 
characters were real. � � � � � � 

12. I felt as if I and the 
characters were 
together in the same 
place. 

� � � � � � 

13. I felt as if the events 
were happening at the 
same time as I was 
there. 

� � � � � � 
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16. What was interesting and enjoyable about what you did today? 

17. What was frustrating or not enjoyable about what you did today? 

18.  Because of this activity, do you find yourself more interested in genetics? Why? 

 

14. I felt as if I were 
participating in the 
events. 

� � � � � � 

15. I felt as if the events 
were really 
happening. 

� � � � � � 
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APPENDIX E 

Student Engagement Open-Ended Responses 

Open Response 1 

What was interesting and enjoyable about what you did today? 

What I like about Drakos is when you have to catch dragonflies. 
The interesting and enjoyable part is when I went to Ekons cave and I got to look in the 
splice-o-scope. 
I liked that this quest has dragonflys and I liked when I got to breed the blue and red 
dragonfly. 
I like when you get to make your own dragonfly’s. 
Getting to learn all about dragonflies and their habitat. 
It was fun I like dragonflys. 
We got to catch Drakos. 
It was interesting to use the splice-o-scope. It also was enjoyable because you got to catch 
dragonflies. 
I caught 1 big red and 1 little blue to breed drakos. I liked being a quester in the 3d world. 
I thought it was really fun and exciting catching the Drakos. 
It was great because you get to be a scientist and work with people and breed drakos in 
the design-a drakos-pod. 
It was interesting to talk to a big dragonfly. 
It was so fun when my teacher had me doing it. I thought I was the avatar. 
I got to talk to Delon the dragonfly. 

 

Open Response 2 

What was frustrating or not enjoyable about what you did today? 

The most frustrating about the Drakos mission is when you have to get items for Uther. 
I have not made it to a not enjoyable or frustrating part in Drakos yet. 
What was frustrating was when you had to use the splice-o-scope to put genotypes 
together. 
When I had to deliver the packages. 
I didn’t really like it when I had to go back and forth to different people. 
It was hard to find Ekon but it was cool that he was in a cave. When you clicked on a 
rock you entered the cave. 
The frustrating thing that was hard is when you have to find their houses. 
I think nothing was frustrating about drakos. 
We got lost and the mouse didn’t work. It was hard. 
The hardest part was when I couldn’t find Uther he is the person who breeds the Drakos. 
The only thing that was frustrating was when you had to find Ekons cave. The rest was 
easy. 
I think that the hardest part was answering Xinga’s question. 
The thing that was frustrating to me is that it was hard to find the cave to find Ekon. 
When you couldn’t find the places where you needed to go or you couldn’t catch the 
dragonflies. 
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When I had to breed the dragonfly’s. 
 

Open Response 3 

Because of this activity, do you find yourself more interested in genetics? Why? 

I do find myself interested in genetics because you learn more and you will be very good 
at phenotypes and genotypes for your job. 
Sometimes because it seems like a alsome thing to do. 
Yes. I felt like I am smarter. The first time I did QA I wasn’t that smart. 
Maybe when I grow up I will know about genetics because maybe I want to be a teacher. 
I think it makes me want to be a scientist because it is fun and interesting and I love 
learning about animals and genetics. 
No. 
I want to be a scientist now because I know more about genetics. 
I found myself more interested in genetics because I did not know how to clone 
dragonflies and did not know what genetics were either. 
Yes it taught me when you have b on the top right and a B on the bottom right if you do 
this. 
Yes because it’s fun, challenging, and interesting in school. 
I just like cloning in the lab because you can make more than you have instead of waiting 
over and over again. 
I’m more interested in genetics from this activity because why I was really interested in 
talking to the different people. 
Yes because I learned a lot about genetics and I learned it was fun. 
Yes I do find myself more interested in genetics because I know more about them. 
Yes because I want to know how to breed so I can be a scientist. 
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APPENDIX F 

IRB Certificate of Completion 
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APPENDIX G 

Pepperdine IRB Approval Letter 
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