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ABSTRACT 

 

In an increasingly complex world, there is a need for youth to address scientific 

issues both locally and globally. While interest and proficiency in science, technology, 

engineering, and math (STEM) decline, diverse methods to successfully engage, educate, 

and empower youth based on informal, learner-centric approaches are being tested. The 

factors potentially contributing to the success of a technology-supported civic 

engagement program were documented for 20 after school programs using qualitative 

methods. Using content analysis, the data was coded and tabulated and key variables 

were constructed. Univariate regression analysis revealed that four out of seventeen 

potential predictor variables proved to have a significant relationship with program 

success. The final multivariate regression model for predicting program success included 

youth-drivenness and total events (R
2
 =0.58, p-value=0.0006), suggesting that 

encouraging participant ownership of the learning process is important to community and 

environmental problem awareness and the pursuit of solutions through STEM skills. 
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1. INTRODUCTION 

 

Understanding and addressing many of the major issues society faces today 

requires a foundation in science, technology, engineering, and math (STEM). Moreover, 

these problems are interlinked. Global climate change exacerbates land degradation, and 

both impact the food supply and access to food. Food deserts, locations where access to 

nutritious food is limited, contribute to the obesity epidemic, as do social trends that 

hinder the connectedness of communities that have led to less physical activity and less 

contact with the natural world. These trends correspond with a decline in outdoor play, 

which means less personal experience, making both environmental and civic education 

more difficult than ever.  

The grand challenges faced by society cannot be and are not being addressed in 

traditional ways, and the necessary education for those who will face them in the future 

requires creative and empowering methods that address and encourage STEM learning. 

In the past, environmental and civic education were both treated in the same way as most 

subjects in school: content-focused lectures received by students coupled occasionally 

with pre-defined learning activities. The ever-expanding deficit in STEM-trained 

professionals and associated STEM-illiteracy suggest alternative approaches are needed. 

Innovative educators in and after school are exploring methods that place control of the 

learning process into the hands of students by creating informal opportunities to learn and 

the scaffolding necessary for success. They are also working to try and capitalize on how 

youth interact with technology today so that “screen time,” often viewed as a contributing 
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factor of many of the social and physical challenges faced by youth, can effectively 

become a problem-based learning asset. An integrative example is civic engagement 

curriculum that facilitates youth efforts to identify and solve community and 

environmental problems, and in the process gain STEM knowledge and a variety of 

problem solving and leadership skills through practice. Mobile and online technology 

advances in recent years make access to and mastery of data collection, analysis and 

communication tools possible, which increases the capacity of young learners to fulfill 

the research challenge of civic engagement by taking control of what they do and learn. 

Through a civic engagement approach known as youth-driven community asset mapping 

(YDCAM), these technologies can be mastered and then used by youth for research and 

problem solving. 

Between 2006 and 2011, a total of 20 after school education programs attempted 

to incorporate YDCAM in civic engagement initiatives, with varying degrees of success. 

The purpose of this research was to better understand what fundamental characteristics 

led to program success. Specifically I hypothesized that youth-drivenness, program 

structure, and program leader comfort with technology influence the success of these 

programs. In order to understand the motivation for these education programs, it is 

important to outline the larger problem context, the theoretical foundation for the 

education and technology solutions embraced by the programs, and the basis for the 

hypotheses tested to better understand what contributes to program success. This is 

followed by a detailed description of the methods employed in this research and the 
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results obtained. I conclude with a discussion of those results relative to the larger 

challenges in environmental and civic education. 

STEM education challenges 

The need for diversification of teaching methods and evidence-based learning has 

never been greater. An eye-opening report from the President‟s Council of Advisors on 

Science and Technology (PCAST) estimates that higher education in the United States 

will produce 1 million fewer science, technology, engineering and mathematics (STEM) 

graduates than will be needed for the U.S. economy over the next decade (President's 

Council of Advisors on Science and Technology 2010). While proficiency of incoming 

students poses a challenge to universities, of equal if not greater concern is a lack of 

maintained interest in STEM fields among many students. Of those who declare a STEM 

major upon admission, fewer than 40% complete a STEM degree, due primarily to 

difficulties with math and/or uninspiring introductory courses. Globally the U.S. is falling 

behind in the number of degrees awarded in STEM fields. Among those students who 

start college pursuing a STEM degree, many often switch into non-STEM fields before 

graduating (Chen 2009).  

The PCAST report emphasizes, among other things, the need to establish 

common standards, prepare teachers for teaching STEM courses, promote after school 

and informal science learning opportunities, and increase the use of educational 

technology (President's Council of Advisors on Science and Technology 2010).  In 

December 2011, The National Science Teachers Association (NSTA) published a new 

conceptual framework for science education intended to inform the creation of the Next 
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Generation Science Standards (NGSS). Unlike past science standards, those being 

developed based on this framework will focus on three dimensions: “cross-cutting 

concepts that unify the study of science and engineering through their common 

application across these fields; scientific and engineering practices; and core ideas in four 

disciplinary areas: physical sciences, life sciences, earth and space sciences, and 

engineering, technology, and the applications of science” (Pratt 2011). These new 

standards, to be released in 2013, will have a strong emphasis on STEM and use these 

cross-cutting concepts to engage and teach youth about science. The new standards come 

at a time when STEM is at the forefront of discussion on a national scale. 

Tapping the potential of informal learning 

Creating a competitive, engaged, and scientifically literate workforce requires 

changes in the ways that STEM is taught. To address increasingly complex scientific 

issues locally and globally, young learners must have a better understanding how 

discovery and inquiry work, even if they pursue non-STEM careers. Moreover, larger 

numbers than today must be motivated and prepared to enter STEM careers and 

participate in public discourse.  

While STEM education is traditionally viewed as the domain of classroom-based 

education, youth proficiency and interest in STEM can be influenced by formal, 

nonformal, and informal learning environments. In the formal environment, youth attend 

school or participate in a structured, curriculum-based learning within a teacher-student 

relationship. The nonformal environment is similarly structured in that it is expert-led, yet  

offers certain types of learning and activities usually after school, on weekends, or during 
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school breaks (La Belle 1981). In contrast, informal learning is voluntary, self-directed 

and takes place in our everyday lives (Eaton 2010; Falk et al. 1998). Though informal 

learning represents the majority of actual learning, it receives the least direct attention 

and investment (Falk et al. 2002). Informal science learning is characterized as voluntary, 

self-guided science learning that predominantly occurs outside of formal school settings 

(Bell 2009; Crane 1994; Falk et al. 2001; National Science Foundation 2011). Previous 

research acknowledges the potential for informal learning in formal and nonformal 

learning environments (Anderson et al. 2003; Dierking 1991; Hofstein et al. 1996; Lucas 

1983) .  

Considering that much of our time is spent in informal learning contexts, 

accounting for the majority of the learning we do, the opportunities in this relatively 

unexplored learning space are significant, particularly for STEM fields (Bell 2009; Crane 

1994; Falk, et al. 2001; National Science Foundation 2011).  In a 2007 comprehensive 

study by the Academic Competitiveness Council and the National Science Board, 

informal education was recommended as one of the three critical elements necessary for 

the U.S. education system to maintain economic competitiveness through enhancing 

scientific literacy and producing tomorrow‟s STEM professionals (Bell 2009). More 

recently, informal science learning has been discussed as a supplement to formal science 

education that can provide real-world, tangible science practice to link with the content 

knowledge learned in schools (Hofstein, et al. 1996; Martin 2004).  
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Putting the learner in the driver’s seat 

Informal learning is founded upon constructivist learning theory that describes 

learning as a process that builds upon prior knowledge and experiences, enabling the 

learner to form their own ideas and conclusions for a particular set of problems (Leonard 

2002). In a human constructivist model of teaching and learning, meaning stems from the 

learner rather than from educational content (Mintzes et al. 2004). This offers the 

opportunity to link what is learned in the formal education environment of schools with 

the informal learning that takes place outside of school. This can be accomplished by 

encouraging the corrective feedback that is embedded in the social context (Vygotskian 

sociocultural constructivism) (Vygotsky 1978), which can be enhanced through 

collaborative learning activities, particularly when expert and non-expert learners are 

encouraged to assist each other (Lee 2008).  

The importance of learner-centered, informal learning experiences for youth is 

well documented (Berlyne 1966; Dewey 1916; Piaget 1964; Scribner et al. 1973). More 

constructive, learner-centered methods that move away from didactic style of teaching 

are thought to shift the learning environment to make it more dynamic (Bransford 2000). 

These methods are effective in part because they put an emphasis on what the students 

are doing rather than the teacher delivering the content, so that students are active in the 

learning context (Biggs 1999). This builds on the concept that in teaching by discovery, 

the learner becomes more intimately engaged in the learning, and thereby becomes a 

collaborator more likely to pursue learning (Bruner 1961). Many after school programs 
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use a combination of learner-centered teaching methods and activities to promote positive 

youth development to achieve both learning and empowerment outside the classroom.  

Among the different variations of learner-centric education methods is one that is 

particularly encouraging self-directed inquiry and discovery in nonformal education 

settings.  Problem-based learning (PBL) may offer solutions and provide a framework 

from which to support YDCAM projects. In PBL, students work in small groups to 

investigate meaningful problems, identify what they need to learn in order to solve a 

problem, and generate strategies for solution (Barrows et al. 1980; Darling-Hammond et 

al. 2008; C. E. Hmelo-Silver 2004). The key component is having the learners as the 

constructors of knowledge and the educator as the facilitator (Leonard 2002). PBL begins 

with the facilitator delivering a trigger, or problem statement, to the students. The trigger 

is intended to engage the students with the topic and help them begin the process of 

knowledge construction. Instead of disseminating information, the educator acts as a 

facilitator as learners work through scaffolded levels of learning. Scaffolding is a 

cognitive learning method that supports learners as they work through increasingly 

complex tasks working towards forming solutions (C. Hmelo-Silver et al. 2007; Quintana 

et al. 2004). Scaffolding has also been proposed as a software design framework that can 

help learners work through difficult tasks through coaching, reminders, and 

encouragement of reflective writing (Guzdial 1994; Quintana, et al. 2004).  

Technology as part of the solution 

Diversification in teaching methods, particularly evidence-based teaching are 

much more effective when they employ innovative information technologies (NSB Task 
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Force on the Environment 2000). However, teacher-centered, lecture-based practices 

impede the use of technology in learning (Cuban et al. 2001). New strategies that 

integrate cross-disciplinary approaches to prepare educators for working across subjects 

are different from conventional methods (Sanders 2009). Rather than a teacher lecturing 

to a classroom of students with a projector or interactive whiteboard, the students are 

facilitated by an educator to create their own knowledge using digital resources and tools. 

The acceptance of technology by educators has been described as a “slow revolution” 

(Gilbert 1996) as teachers and professors face many obstacles to integrate technology in 

the classroom. Studies by Teo et al. (2009, 2011) break down teacher technology 

acceptance into three factors: the innovator, the innovation, and the context. Each factor 

influences an educator‟s decision to accept technology as a tool or complement to the 

learning environment. Teachers must feel comfortable in their knowledge of the 

technology and how to pair it with their classes‟ learning objectives. They must also be 

supported by their organization in implementing classroom technologies through 

resources and professional development courses. The availability of educational 

organizations and resources promoting the use of technology in formal, nonformal, and 

informal learning environments has increased.   

More recently, there has been discussion on participatory technologies, and in 

particular recent advances in both mobile and online technologies, as a potential link 

between learning environments and creating opportunities for informal science learning 

(Bull et al. 2008; C.K. Looi et al. 2010; Scanlon et al. 2005). These technologies can be 

contributive and collaborative, thereby promoting the connects inherent in networked 
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educational environments where learners with similar interests can contribute to and 

benefit from a learning community (Kop et al. 2008; Siemens 2005). Mobile technologies 

in education facilitate the create “seamless learning spaces” that have the potential to 

capitalize on the informal learning opportunities in youth‟s lives (C. K. Looi et al. 2010). 

The evolution of online functionality is also influencing learning. The relatively recent 

transition from the linear, one-way presentation of static web pages (Web 1.0), to 

dynamic information sharing and collaboration (Web 2.0), at any time or place can not 

only encourage interaction, but also facilitates user-generated content. Formal and 

nonformal learning environments have been challenged by technology acceptance and 

integration (Teo 2009, 2011; Teo et al. 2008). This is in part due to concerns over 

pedagogical appropriateness, which has led to regulation of use that tends to diminish the 

potential participatory and interactive benefits of the technologies. This could be 

addressed by technology adaptations that facilitate collaborative practice rather than 

regulate use (Clark et al. 2009). Schools that had previously maintained a negative stance 

on phones are now exploring ways to adjust their policies to be more digital technology-

use friendly (Chaplin 2012).   

Finding solutions to the potentially negative attributes of these technologies is 

worth exploring because of the potential benefits for learning. When used in the field 

with 185 youth (average age of 11), tests of environmental literacy were similar between 

groups using traditional methods and groups using mobile computers acting as a proxy 

for a human guide or brochure in a natural area (Ruchter 2010). This may suggest that 

technology-prone youth may be more motivated to go and explore on their own when 
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assisted by technology and still achieve the same learning goals as a formal or nonformal 

education experience.  

In order to maximize the potential of technology to enhance learning outcomes, 

learning methods that increase learner-teacher communication, support non-linear and 

interactive collaboration among learners, and help youth construct their own questions 

and co-produce knowledge must be considered. More effective technology integration 

into educational settings demands the implementation of new models of learning that 

move away from didactic teaching styles and towards learner-centric methods (Norman 

et al. 1996; Uden et al. 2006).   

The new reality: “Digital Natives” 

Beyond the supply side of technology and efforts to make it safer and more 

conducive to learning is the demand side. Contemporary students are more than 

accustomed to technology than their parents, by far. These youth are described by some 

as “digital natives”; they are the “generation born roughly between 1980 and 1994 and 

are living lives immersed in technology surrounded by and using computers, video 

games, digital music players, video cams, cell phones, and all the other toys of the digital 

age” (Prensky 2001). They are technologically literate, and yet lack the domain 

knowledge that education and practical experience provide. They are multi-taskers, 

content creators, information sharers, with very different expectations  about the “how” 

of learning, working, and pursuit of a career (Rainie 2006). Youth technology use 

continues to steadily increase (Lenhart 2009; Lenhart et al. 2005; Lenhart et al. 2010). 

They are online, mobile, and virtually connected to a world of information, commerce, 
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and communication. Currently, 93% of teens go online where they spend their time on 

social networks, looking for homework help, and accessing information about a range of 

topics including science (Lenhart, et al. 2010). Over the past seven years,  the number of 

teens with a cell phone in the U.S. rose from 45% to 77% in 2012 with the volume of 

texting increasing to a total of 60 text messages for the median cell phone user daily 

(Lenhart 2012; Lenhart, et al. 2005). Youth are getting connected at school: 98% of U.S. 

public schools have some kind of Internet access for students  (Gray et al. 2010). Many 

are getting online after school at computer labs and at home. With 31% of U.S. teens ages 

14 to 17 reporting owning a smartphone in 2011 (Lenhart 2012), many are accessing the 

web whenever and wherever they are, taking advantage of data services to access their 

email, download ringtones, and make social network updates. Though some argue there 

is little empirical evidence on youth access to technology and technology skills (Bennett 

et al. 2008), those youth with access are creating, communicating, posting, collaborating, 

and interacting with digital information at scales not comparable with previous 

generations.  

The challenge of disconnectedness 

Taking advantage of the opportunity presented by informal science learning and 

the technologies that can promote it could not come at a better time. Youth are living 

drastically different lives than previous generations. They face a host of disempowering 

circumstances that are largely beyond their control. Concerns for safety limit their 

activity, even in their own neighborhoods, including natural places where they could play 

and learn about their environment. As a result, they are increasingly disconnected from 
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the natural world and their own communities. As youth face external challenges in the 

community and the environment, obesity (Centers for Disease Control and Prevention 

2010) and risky behavior (Dryfoos 2000) among young people is on the rise, as are the 

consequences of both. This in turn impacts the communities where they live. The 

connection between physical, social and environmental health is fundamental to the 

challenges youth face today 

Technology has contributed to this problem. It is likely that increased “screen 

time” is replacing some, if not much of the time once committed to outdoor activity, 

resulting in a growing disconnect between young people and the natural world (Louv 

2008). This trend extends well beyond the classroom, as evidenced by a 20% decline in 

national park visitation since 1988, the first persistent downward trend in U.S. park 

history (Pergams et al. 2006, 2008). Television and computers have replaced time once 

committed to outdoor activity; a 10 year Kaiser Family Foundation study suggests youth 

aged 8 to 18 now spend more than 7 1/2 hours a day using electronic media (V. J. 

Rideout et al. 2010). These technologies have been associated with increases of the 

prevalence of obesity (Crespo et al. 2001), cyberbullying (Mishna et al. 2012), and 

antisocial behaviors (Jolin et al. 2011). Young children, ages zero to six, spend as much 

time with TV, computers and video games as playing outside (V. J. Rideout et al. 2003). 

TV watching is reported to pose a number of risk factors including changes to sleep, 

attention, and interpersonal relationships (Jolin, et al. 2011). Safety in digital 

environments and exposure to dangers associated with aggressive, sexual, and 

inappropriate content has been a primary concern for increased technology use among 
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youth. Especially when using technology in educational settings, an awareness of these 

dangers and how to handle and react to them is a necessary part of technology education. 

Building digital citizenship skills through responsible technology use and facilitation by 

educators can decrease the dangers to youth.  

The negative effects associated with decreased time spent outdoors coined 

“nature-deficit disorder” (Louv 2008) have been linked to sedentary behavior that is 

associated a reduction in outdoor play (Attewell et al. 2003) and increased obesity risk 

(Dietz et al. 1994; Hill et al. 2003). It has also been linked to a host of related health 

problems such as type-2 diabetes, asthma, ADHD, and vitamin D deficiency, as well as, 

mental health problems (McCurdy et al. 2010). The relationship between youth and 

nature is mutually beneficial. Youth need experiences in nature to be physically and 

mentally healthy, and nature needs children to spend time learning about the environment 

and appreciating natural areas so that the protection and conservation of natural resources 

will be successful. Even as declines in outdoor play have been reported (Clements 2004), 

there has been in increase in awareness that creating opportunities for both structured and 

unstructured activities outdoors can benefit children over the long and short-term 

(Staempfli 2009). The immediate benefits include increased physical activity (Boone-

Heinonen et al. 2010; Dyment et al. 2009; Kimbro et al. 2011) and reduced negative 

emotions (Bowler et al. 2010; McCurdy, et al. 2010; Townsend et al. 2010). Over longer 

time periods, time spent outdoors may positively influence conditions such as obesity, 

asthma, nearsightedness, Vitamin D deficiency, and Attention deficit hyperactivity 



24 

 

disorder (ADHD) (Faber Taylor et al. 2011; Gilbert-Diamond et al. 2010; McCurdy, et al. 

2010; Van den Berg et al. 2011).  

Increasing the time that youth spend outside in nature is the responsibility of those 

they interact with in all facets of life. Parents, teachers, and school administrators have a 

role in creating healthy learning and play spaces for youth. Children attending schools 

with green areas get more physical activity (Haug et al. 2010) and have more 

opportunities for play and discovery (Samborski 2010) then those attending schools with 

more barren recess areas. There is evidence that moving educational experiences outside 

can lead to benefits that address some of the problems youth face today: limited STEM 

learning, the need for more physical activity, and the importance of spending time in 

nature (Beames et al. 2011). Starting in 2011, the National Environmental Education 

Foundation‟s (NEEF) Children and Nature Initiative seeks to work with pediatric 

physicians to promote time spent outside in nature.  

Community planners and leaders can work to make green spaces more accessible 

to ensure that youth have safe places to play outdoors. Overall studies have shown that 

engaging with natural environments are essential to human health (Kuo 2010) and part of 

a healthy pathway that helps people live longer and have a better quality of life (Pretty et 

al. 2009). Even with adults actively engaging in getting youth outdoors, there is still a lot 

of time where youth are on their own and the time that was once spent outside is now 

spent indoors due to a decrease in children‟s independent mobility and freedom to engage 

their local environment (Jack 2010).  
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Social challenges exacerbate the problem. More youth are spending more time on 

their own, without adult supervision as family structure and employment of parents has 

changed over time; this is contributing to a rise in risky behaviors among adolescents 

(Aizer 2004; Han et al. 2007). The number of children left unattended at home or on the 

streets during evenings and weekends is on the rise as parents and grandparents struggle 

to make ends meet in the current economic crisis (Heymann 2006). These vulnerable 

children risk being the victims of violent crimes, but even more, risk falling behind 

academically, socially and emotionally (Afterschool Alliance 2009). The increase of 

violence, bullying, and time spent alone reduces the safety and wellbeing of youth. The 

incidence of gang problems rose 15% between 2002 and 2008 and is experienced not 

only in cities, but also suburban areas, towns and rural counties (Egley Jr et al. 2010). 

Bullying in schools has also risen, instigating schools to begin zero tolerance policies 

(Cook et al. 2010). 

One of the traditional approaches to countering these trends is the socialization 

and informal education of youth through community involvement. There can be indirect 

benefits as well, such as increased physical activity and the potential for more healthy 

lifestyles, in part due to participation and interaction (Robinson 2010). Long-term 

research has shown that not only does obesity spread through social ties, but so does 

obesity prevention (Christakis et al. 2007). Children who spend time with physically 

active peers are more likely to maintain their weight loss (Wilfley et al. 2007).  

Unfortunately, opportunities to take part in the community are not always 

available for youth. There has been an overall decline in the number of civically engaged 
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people in U.S. communities, which in turn affects the number of role models in the 

community for youth to emulate (Putnam 2001). There is a gap that has formed in how 

youth are supported in society attributed to the breakdown in the traditional way families, 

friends, communities, and religious or civic groups once took responsibility for making 

connections (McLaughlin 2000). Agency efforts to involve youth in neighborhoods are 

often lacking a civic engagement component and are not intended as a form of 

empowerment (Checkoway 1998). Instead, after school and weekend programs are 

regarded as a form of service delivery or therapeutic intervention with limited or no 

transfer of power or building of knowledge by young people (Checkoway 1998). The less 

connected youth are to their neighborhoods, the higher rates of  juvenile crime and drug 

use (Arthur et al. 2002).  

The value of civic engagement and youth-driven community asset mapping 

A sense of community for youth is much more likely when they have a say in 

what goes on that is supported by adults who also encourage the youth to take action 

(Evans 2007). In an age when community participation and youth membership are in 

decline, adolescents are self-organizing without formal organizations (Shirky 2009). 

However, the proper amount of infrastructure and guidance can be invaluable when youth 

are motivated to make change by addressing the problems they see around them.  

Nonformal education programs offer the potential to provide what is needed. 

Participation in after school programs has been shown to provide an array of benefits to 

youth including improved academic performance, social and emotional well-being, and 

health behaviors (Little et al. 2008). As community-centered environments, after school 
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programs make connections between learning and the broader community (Bransford 

2000). It is very common for after school programs to have goals such as STEM learning, 

skills development, hands-on experience, life skills, empowerment, youth voice, 

collaborative learning, community engagement, and leadership development. 

One approach used in after school programs that have embraced these kinds of 

objectives is called civic engagement, where individual and collective actions are pursued 

in order to identify and address issues of public concern. Civic engagement education 

programs seek to encourage the development of civic competence so that young people 

will be prepared to take on civic responsibilities in the future (James Youniss et al. 2002). 

Practices include activities that help youth learn about their surroundings and empower 

them to interact with others while working towards understanding how to create changes 

for the better.  

One of the challenges faced by programs implementing civic engagement 

activities is information. This ranges from awareness of community or environmental 

issues that youth might addresses, the tabulation of the associated community assets and 

needs , the framing of appropriate questions in the pursuit of a solution, and the collection 

of the right information that must be gathered, analyzed interpreted and presented in 

order to answer those questions and address the problem. Often a civic engagement 

initiative will encourage youth to explore their surroundings using a technique called 

community asset mapping (CAM) as a means of documenting both the tangible and 

intangible resources of a community. These are often framed as assets to be preserved 

and enhanced rather than deficits to be remedied so that the approach is constructive and 
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positive (Kerka 2003). Methods have been documented that streamline implementation 

(e.g., Building Communities from the Inside Out (Kretzmann et al. 1993)). Community 

asset mapping with youth has been used as a means of improving health (Minkler et al. 

1997), building capacity (Bogenschneider 1996), and empowering youth (AED Center 

for Youth Development and Policy Research 1995).  

Technology and YDCAM 

Activities that youth conduct online and with phones suggest that they see the 

digital world as a place to communicate, gather information, and be entertained (V. 

Rideout 2001). The ways that these actions take place are different in that they are non-

linear, social, and practically instant.  Moreover, place matters, both to the applications 

being used and the end user. Location-based services (LBS) refer to software programs 

that utilize a computer, mobile phone, or smartphone‟s ability to define the geographic 

coordinates of the user based on location and time information accessed through 

hardware, cellular phone towers, and global positioning system (GPS) satellites. While a 

relatively small percentage of cell phone owners currently use location-based services, 

this industry is projected to approach US $10 billion by 2016 (Patel 2011).  Even though 

the LBS service realm is currently populated by early adopters, there is considerable, 

largely untapped potential in combining location with mobile learning, especially in 

nonformal education programs that are looking to engage their youth participants in 

getting more involved in their community and environment.  

The features and capabilities of mobile technologies can facilitate many of the 

needs in the YDCAM process. Location-based services, wireless Internet access, short 
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message service (SMS) communication (txt messages), and the ability to run applications 

(apps) (a software application that can help accomplish an activity) provide the tools 

necessary to complete almost every step. LBS calculate a mobile phone user‟s geographic 

position using the a GPS receiver integrated into the phone, at times supported by 

assisted GPS (A-GPS) which exploits cell phone towers in the location calculation. 

Common LBS functions include personal navigation, smart phone application “check-

ins”, and emergency call locating. Smartphone apps like Google Maps using the GPS 

and/or A-GPS can locate the phone user and place their location on a map, making it 

easier to get exact directions to a desired destination. As with a traditional GPS receiver, 

preferred locations can also be marked for future reference, which can be very useful for 

data collection and spatial analysis. Location coordinate information can often be 

supplemented by complementary place-based information, known as attributes, such as 

the location name, address, phone number and visitor reviews. The attribute information 

and associated maps stream wirelessly to and from the phone through access to the 

Internet much like the experience of using a browser on a desktop or laptop computer. 

Phones within range of WiFi, 3G, or 4G connections normally have access to an Internet 

browser. SMS is a communication method that allows two-way receiving and sending of 

brief text character messages between phones. Through Internet and SMS communication 

channels, data collected in support of civic engagement research activities, can be shared 

with and/or presented to others. Lastly, mobile phone apps can be downloaded often for 

free or at a low cost.  
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Once a novelty, apps now involve a wide variety of topics and actions such as 

gaming, finance management, fitness tracking, photo taking, video and music recording 

and playback, communication, document creation and media information access. Apps 

exploit one or many features of the underlying device. An app can be large and complex, 

or small with limited functionality. The majority of mobile phone apps today, however, 

are simple and intuitive, connect people socially, and have few barriers to learning and 

adoption. One complex app or a combination of smaller ones have the potential to 

manage the entire YDCAM process, however a recent survey of several app distribution 

websites (Apple® App Store, Google® Play, Blackberry® App World, and Windows® 

Phone Marketplace) revealed no current apps or suite of apps with this functionality.  

What explains program success? 

There is considerable evidence pointing to the potential for positive educational 

and psychological outcomes resulting from participation of youth in extracurricular 

programs (Fredricks et al. 2006; Zaff et al. 2003) and their potential to engender civic 

identify (J. Youniss et al. 1997). Youth development programs have been demonstrated 

to successfully empower adolescents at the level of the individual (e.g., self-esteem, 

STEM learning) and the group (e.g., collaborative learning, civic engagement) (Eccles et 

al. 2002). A list of best practices for promoting participation, attitudes, and competencies 

of programs seeking to promote civic participation have also been documented (Zaff et 

al. 2001). While it is known that program quality can affect the impact of any such 

program on civic outcomes (Vandell et al. 2007), less is known about what factors lead to 
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the successful completion of the objectives youth set for themselves at each level of the 

problem-solving process.  

Essential elements of YDCAM civic engagement initiatives include a problem-

based learning program design and access to appropriate technology, access to expertise 

for mapping, data collection, and analysis, and motivated youth participants (Robinson 

2007, Tulloch 2007, Uden 2006) . However, these same characteristics represent 

significant challenges to youth participants and adult program leaders.  

In this research, I hypothesized that some combination of encouraging the youth 

to direct the process (youth drivenness), the minimum structure necessary for essential 

guidance rather than direction (program structure), and a level of familiarity and 

confidence with the technology used by the program leader (program leader technology 

comfort) would be predictors of program success. I explored these and a number of 

potential explanatory factors, in a participatory, qualitative assessment of 20 afterschool 

programs engaged in YDCAM civic engagement in southern Arizona (USA) between 

2006 and 2011. Three distinct formative stages were evaluated, each resulting in 

feedback that led to technology integration recommendations implemented in subsequent 

stages. The methodology behind the research, the results obtained and an associated 

discussion document how this was conducted and what was learned.  
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2. METHODS 

 

Background  

This study explores the factors that may explain program success when nonformal 

after school education programs employ geospatial technologies in support of civic 

engagement YDCAM activities designed to encourage adolescents to identify and solve 

problems in their communities and the environment. To do this, it was necessary to a) 

identify after school education programs that met the fundamental criteria necessary to be 

comparable, and b) identify them at different points in time (described here as “stages”), 

so that the influence of technology enhancements could be assessed. Two initiatives with 

regular contact with after school programs, and, when taken together, comprised the 

aforementioned longitudinal stages, were leveraged to conduct this study. The University 

of Arizona‟s (UA) Geospatial Extension Program (GE) provided access to the 

technology, training facilities, the services of trained undergraduate students, and existing 

ties to a number of after school education programs interested in civic engagement 

YDCAM projects. The GE program experiences formed the foundation for a USDA-

NIFA-NRI grant known as “Stealth Health” (SH) (Going 2008), which made civic 

engagement and YDCAM part of the treatment in an intervention designed to see if the 

technologies employed in these programs could indirectly (hence the word “stealth”) 

promote physical activity and nutritional learning in adolescents.
1
   

                                                 
1
 The “Stealth Health” project, under which a portion of this research took place, was supported by the U.S. 

Department of Agriculture (USDA) National Institute of Food and Agriculture (NIFA) National Research 

Initiative grant #2009-55215-05187. 
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The technology suite and associated civic engagement YDCAM approach used in 

the GE programs (2006-2010) formed the baseline for a formative and participatory 

approach used first in the SH pilot study (2010), and later in the SH intervention (2011) 

to enhance the initial technology suite and the associated a civic engagement YDCAM 

protocol employed by the programs. The approach was formative in that what was 

learned during each of these three stages was used in the design of the technology mix 

that was embraced at the next stage. It was participatory in that the views of the youth 

participants and program leaders were obtained through participatory qualitative research 

techniques including participant observation, semi-structured interviews, and focus 

groups. In addition, the study included summative evaluation information such as event 

log data and youth-created content downloaded from each of the technology suites. 

Program evaluations were conducted alongside the participatory research process in an 

effort to draw out indicators of program success through content analysis.  

The formative stages represented by the combination of GE programs (baseline) 

and the two SH stages that followed provided the means to divide this study by time and 

the technology used in the programs. Over time, new technologies with geospatial 

capabilities became available, hypothetically reducing access barriers and increasing ease 

of use at each formative stage of the program. In this study, these technology changes, 

along with corresponding adaptations made to the youth-driven civic engagement 

YDCAM protocol, program leader materials and training procedures, and the underlying 

educational framework, were evaluated in relation to the program dynamics and 

accomplishments.  
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Sample  

The target population for this study is adolescents aged 12 to 18 years. I 

endeavored to reach this population through after school nonformal education programs. 

Criteria for selecting programs included that they a) be well-established and currently 

active, b) had interest in pursuing civic engagement, c) have interest in employing 

technology in support of reaching their program education goals, d) engage participants 

for a duration of at least seven weeks, and e) pursue a common activity among program 

participants. A final criterion was that they be physically close enough to accomplish this 

research. The minimum of seven weeks duration allowed for a sufficient amount of time 

to introduce and execute the key elements of the civic engagement YDCAM methods. 

Active programs met at least once a week not counting school or program breaks. To 

define distinct programs for this study while taking into account the varying approaches 

to participation and activity structure, cohorts of young people within a youth 

organization that worked on a common activity were aggregated into one program even if 

they did not self-identify as a group. Because the number of possible programs to choose 

from was limited, the effort to be representative of the general population was based on 

including as many programs that met these core criteria as possible.  

As noted, each of the programs considered had a stated interest in adding a civic 

engagement component to their pre-existing activities, however to be certain they were 

informed about what this entailed, the program leaders at each stage participated in a 

training event that introduced civic engagement theory and practice as well as YDCAM 
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methodologies. All the additional criteria were reviewed at this time, and only programs 

that met all of them remained under consideration.  

Twenty after school nonformal education programs pursuing civic engagement 

YDCAM supported with technology (each with ties to GE and/or SH) formed the basis 

for this research. Longitudinally, the study comprised three distinct formative stages: 

Geospatial Extension (stage 0-GE, or baseline), the SH Pilot (stage 1-SH, the first 

formative stage), and the SH Intervention (stage 2-SH, the second formative stage) (Table 

1). Stages were distinct in their timeframe, primary technology used, and the type of 

connector (facilitator placed with programs to provide technical support and be a 

YDCAM resource). Collaborating with GE and SH was voluntary for the duration of the 

civic engagement project pursued by the program and participants had the option of 

dropping out at any time. 

Table 1. Formative stages of programs included in the study. 

Stage 
Time-

frame 

No. of 

programs 

Primary location 

technology used 
Connector* 

0-GE 
9/24/2006 - 

3/25/2010 
10 GPS 

Geospatial specialist or 

graduate student expert 

1-SH 
5/29/2010 - 

9/29/2010 
3 

Windows Mobile GPS-

enabled smartphone 

Undergraduate student or 

full-time volunteer trained 

in geospatial technologies 

2-SH 
1/15/2011 - 

12/6/2011 
7 

Android GPS-enabled 

smartphone 

Undergraduate student 

with geospatial training 

* While the professional background of the connector varied, all received similar 

technology, YDCAM and facilitation training. 

 

Program recruitment and initiation varied slightly between GE (0-GE), the SH 

Pilot (1-SH) and the SH Intervention (2-SH) programs. In GE programming, a number of 

youth organizations contacted GE staff expressing interest in a civic engagement 

component for their programs. For the SH Pilot, recruitment was based on an 
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announcement that the pilot programs would use smartphones to carry out a civic 

engagement YDCAM project while University researchers tested the technology; 

program and participant number was limited by the number of phones available. For the 

SH Intervention, recruitment was based on an announcement informing potential 

programs about a study that would use smartphones to carry out a civic engagement 

YDCAM project while University researchers explored how mobile technologies might 

influence physical activity and nutrition knowledge in youth ages 12 to 18 years old.  

During stage 0-GE, 10 of 11 programs with a proposed interest met the criteria 

and participated (the one which did not was four hours drive away and thus declined to 

pursue the proposed collaboration). During stage 1-SH, four programs considered 

participation, and three met all criteria and were selected for participation. During stage 

2-SH, thirteen programs considered participation, and seven met all criteria and were 

selected for participation (Table 2). 

Table 2. Characteristics of programs included in the study. 

Stage Program 
Duration  

-wks- 

Core education 

mission 

Civic engagement YDCAM 

objective 

0-GE 1-01 26.0 
 

Civic 

Engagement 

Investigating the importance of 

youth to the downtown area 

0-GE 1-02 47.7 
 

Civic 

Engagement 

Recruiting youth for civic 

engagement programs 

0-GE 1-03 38.4 

 

Social Justice 

Understanding the effect of social 

and economic disparities across the 

city on juvenile detention 

0-GE 2-01 44.7 
 

Civic 

Engagement 

Mapping safe and unsafe places 

within the city 

0-GE 2-02 62.6 
 

Civic 

Engagement 

Discovering a suitable location for 

a youth center 

0-GE 3-01 64.3  Environment Collecting data in nature 

0-GE 3-02 95.7 
 

Environment 
Mapping changes over time at a 

pocket park in the city 
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Stage Program 
Duration  

-wks- 

Core education 

mission 

Civic engagement YDCAM 

objective 

0-GE 3-03 64.1 
 

Environment 
Using technology to plan 

expeditions to natural areas 

0-GE 4-01 35.3 

 

Technology 

Proposing options for providing 

better access to transportation 

services 

0-GE 4-02 102.0 
 

Technology 
Proposing options to increase use 

of natural open space  

1-SH 1-04 14.1 
 

Civic 

Engagement 

Increasing youth awareness of 

financial responsibility 

1-SH 3-04 20.6  Environment Collecting data in nature 

1-SH 5-01 7.3 
 

Leadership 
Raising funds for a field trip to an 

amusement park 

2-SH 1-05 32.6 
 

Civic 

Engagement 

Increasing awareness of youth 

services, their purpose and location 

2-SH 3-05 14.0  Environment Collecting data in nature 

2-SH 5-02 15.0 
 

Leadership 
Raising funds for a field trip to an 

amusement park 

2-SH 5-03 14.0 
 

Leadership 
Documenting healthy eating and 

activities 

2-SH 6-01 15.4 
 

Leadership 
Documenting youth leader 

activities 

2-SH 6-02 13.7 

 

Leadership 

Increasing awareness of youth 

volunteer opportunities and free or 

educational field trips 

2-SH 6-03 12.9 
 

Leadership 
Capturing information about youth 

and music around town 

 

Nonformal education programs involve voluntary participation, with members 

joining for their own reasons, entirely independent of this research. In order to help 

ensure that the education programs were not influenced to change any procedures or 

general approach (other than through the introduction of YDCAM and the associated 

support technologies), recruitment for the study was limited to the level of the program. 

This meant that the participation of individuals within these programs was left to their 

leaders. In all cases, any currently participating member of a program had the opportunity 
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to freely participate (or not) in this research at the consenting step, and were free to, if 

they desired, change their mind at any stage of the process. In this way, the study did not 

alter the normal practices of the program and its participants outside the introduction of 

YDCAM and the technologies employed.  

Each after school program had its own educational mission prior to participation, 

as well as a unique demographic mix of participants (Table 3). The target age range of 

participants was 12 to 18, however sometimes a younger or older brother/sister would 

join their sibling, meaning a few participants were younger or older than the targeted 

range. The total number of youth participants (across the life of the program) ranged from 

5 to 45, with the average number attending each event ranging from 4.0 to 15.9 

(attendance in after school education programs are typically fluid in over time). Both 

boys and girls participated, with a male/female ratio that varied from program to 

program, ranging from 0.3 to 2.3. The age range for the study was divided into two 

developmental phases (youth mentors, age 15 and older, and mentees, age 14 and 

younger). Observations from the field support that youth age 15 and older are more 

technologically proficient and more likely to take on mentoring of younger participants. 

The ratio of participants (older/younger) ranged from 0.5 to 5.3. The programs also 

varied in terms of ethnic mix. The degree of homogeneity of a program can be captured 

numerically by calculating a diversity index, where overall diversity is based on the 

number of groups (ethnicity categories) and the number of elements in each group 

(individuals). For this study, a normalized simple social entropy index (Shannon et al.) 

was employed to compare the ethnic diversity of the programs, using a diversity 
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calculator (T. Balch 2000, based on code reported in T.  Balch 2012) . Based on this 

measure, the ethnic diversity of the programs ranged from 0.348 to 0.967, where lower 

numbers indicate a completely homogenous group, and 1.0 would indicate a program that 

was more diverse. Mean income (a coarse estimate based on the 2000 U.S. census data 

for neighborhoods of program participants) ranged from low to medium-high across the 

programs. Most of the programs were located in Tucson, Arizona (metro population of 

~1 million) except for two which were approximately two hours drive away in a small 

town on the US side of the US-Mexico border (population ~15,000). 

Table 3. Program demographics of programs included in the study. 

Stage 
Prog. 

ID 
Location 

Ttl. 

yth. 

partici-

pants 

Ttl. # 

youth/

event 

M/F 

ratio 

Age 

ratio 

Normalized 

diversity 

index 

Mean 

income 

0-GE 1-01 Downtown 16  10.3 1.3 4.3 0.686 low 

0-GE 1-02 Downtown 7  5.3 0.8 7.0 0.870 low 

0-GE 1-03 Downtown 19  15.9 0.7 5.3 0.879 low 

0-GE 2-01 
US-Mexico 

Border 
24  16.3 1.1 

0.7 
0.658 medium 

0-GE 2-02 
US-Mexico 

Border 
18  14.5 1.0 

0.8 
0.664 medium 

0-GE 3-01 Central 25  9.0 0.8 
0.0 

0.783 
med-

high 

0-GE 3-02 Central 19  9.0 1.4 
0.0 

0.529 
med-

high 

0-GE 3-03 Central 11  9.0 0.7 
4.5 

0.783 
med-

high 

0-GE 4-01 South 19  11.2 1.7 0.7 0.485 low 

0-GE 4-02 South 45  11.3 0.8 0.6 0.348 low 

1-SH 1-04 Downtown 12  7.0 2.0 1.6 0.650 low 

1-SH 3-04 Central 16  8.0 0.5 
0.0 

0.989 
med-

high 

1-SH 5-01 Downtown 9  9.0 2.0 0.0 0.878 medium 

2-SH 1-05 Downtown 13  10.0 2.3 1.2 0.391 low 

2-SH 3-05 Central 10  9.0 4.0 
0.0 

0.469 
med-

high 
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Stage 
Prog. 

ID 
Location 

Ttl. 

yth. 

partici-

pants 

Ttl. # 

youth/

event 

M/F 

ratio 

Age 

ratio 

Normalized 

diversity 

index 

Mean 

income 

2-SH 5-02 Downtown 6  5.0 2.0 0.5 0.921 medium 

2-SH 5-03 Northwest 5  4.0 0.3 0.3 0.722 medium 

2-SH 6-02 Northwest 14  13.0 2.5 0.3 0.597 medium 

2-SH 6-03 Northwest 9  9.0 0.8 0.3 0.876 medium 

2-SH 6-01* Northwest 12  8.0 0.7 0.1 0.967 medium 

M/F ratio = number of males/number of females participating 

Age ratio = number of older participants (16-24)/number of younger participants (9-15) 

Normalized Diversity Index = Shannon‟s simple social entropy (Shannon 1949), 

normalized to a scale of 0.0 to 1.0, where lower numbers indicate less diversity 

Mean income = 2000 census data for neighborhoods of program participants 

*Program 6-01 is underreported, with 10 questionnaires collected from the 12 total 

participants. 

 

Protection of Human Subjects 

The data used for this study were focused on a unit of analysis at the program 

level. While the majority of data were collected at this level, some variables (e.g., 

demographic information) were aggregated up from the level of individual participants. 

However, personally identifying information was never necessary for any data associated 

with youth participants in the after school education programs engaged in this study. In 

stage 0-GE, no names or any other personally identifying information were recorded for 

research at any time (not even for event attendance). The data from stages 1-SH and 2-SH 

were drawn from the Stealth Health study, which, for logistics purposes, did record 

personally identifiable information and appropriate consenting documents. However, 

based on the protocol for that study, which was approved by the Institutional Review 

Board for the Protection of Human Subjects of the University of Arizona, no names or 

any other personally identifiable information were included in any quantitative or 
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qualitative data request made for the research documented here. All privacy, 

confidentiality and other human subjects protection steps called for in the Stealth Health 

IRB protocol were maintained in this research. 

The YDCAM research team 

YDCAM is a team effort. Each stage involved youth participants and program 

leaders who actually pursued the civic engagement YDCAM objectives. However, their 

efforts were facilitated by  a “YDCAM team”, which in each stage included one (for 

some activities, more than one) “connector” – an individual trained to help resolve 

YDCAM process and technology challenges, and a rotating group of undergraduate 

students for occasional logistics support. To ensure consistency in the process, the 

introduction to the civic engagement YDCAM approach followed a tested framework 

provided by the UA Youth Development Extension program. Physical activity (PA) and 

nutrition aspects followed a common framework introduced by UA Nutritional Sciences 

Extension. Learning technology and support in helping the youth master research and 

data collection methods followed a common framework introduced by the UA Geospatial 

Extension program. The specific connectors and undergraduates guided by these 

frameworks varied, however all were trained in a common manner by the leads of each of 

these Extension programs. The integration of all three was actively pursued, to ensure 

that the relationships between physical, social and environmental health. The combined 

framework, which we termed “eco-connections”, was incorporated in the development of 

educational activities as well as YDCAM team member training (Figure 1).  Additional 

staff, independent from YDCAM efforts, conducted measurements and qualitative data 
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collection associated with SH grant and its components in stages 1-SH and 2-SH, some of 

which was used in this research. This allowed YDCAM staff to concentrate on training 

and technical support, educational materials and application development and testing, as 

well as program data collection and management. 

 
Figure 1: The “eco-connections” conceptual framework. 

 

Program activity chronology 

Though some differences in approach were noted, every YDCAM team pursued a 

civic engagement protocol built upon the foundation of CAM methods to document and 

explore a community and identify a youth-related problem to solve. The protocol entailed 

training youth participants in geospatial technologies and their use, problem 

identification, data collection and analysis, and public presentation of results. Youth 
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trainings were facilitated by a connector: a geospatial expert in stage 0-GE, by a 

geospatial studies undergraduate student or an appropriately trained full-time volunteer in 

stage 1-SH, and an appropriately trained undergraduate student in stage 2-SH. After the 

initial technology training, youth participants attended a series of problem identification, 

data collection, analysis, and presentation workshops. If the programs lacked the 

necessary technology equipment for workshops, Geospatial Extension provided these by 

traveling to sites with laptop computers, geospatial devices, and workshop materials like 

poster paper and markers. These activities were led by a program leader or educator 

affiliated with the program. A connector provided technical support and training 

facilitation. Throughout the workshop series, youth provided feedback on the research 

protocol process and offered ideas for changes and additions. Furthermore, the YDCAM 

team logged feedback, observations and their own insights on the process. 

 

Technology trainings – Before getting started on a problem-solving project, youth 

interest was initially triggered through the introduction of geospatial technologies like 

GPS and GPS-enabled smart phones. These events were often highly attended by 

potential youth participants (Figure 2). The trainings consisted of a basic introduction to 

geospatial technology and often included some game-based activity like geocaching or a 

scavenger hunt. A connector was often present to assist youth and program leaders with 

learning the technology and troubleshooting technology problems (Figure 3). Safety 

while mapping was emphasized at all training events (Figure 4). Discussions, 

presentations, and educational videos were created to keep youth aware of all safety 



44 

 

issues while mapping and working online. Technology trainings were normally well 

attended. Qualitative assessment revealed that youth who would return for future 

workshops, in part because they were intrigued by the technology. Only much later in the 

program did their reasons for returning become more firmly associated with the problem-

solving objectives they eventually set for themselves. 

 
Figure 2. Learning how to use the GPS compass during a GPS training. 
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Figure 3. GTK training with connector for mapping earthworks, plants, and 

wildlife. 

 
Figure 4. Safety in numbers while mapping in the field. 
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Project visioning – The most difficult part of problem-solving is identifying a 

community or environmental problem. Once identified, this problem may trigger new 

questions and help thoughts from the past resurface. In every program, youth were 

questioned about the issues facing youth in their communities. Not enough safe places to 

hang out after school, inadequate transportation for travel to school and work, lack of 

natural places for youth close to their communities, and a lack of recognition for youth as 

an asset to a community were among the GE-0 stage issues identified by youth. A 

whiteboard served as the space for youth ideas to be placed as they were shared within 

the group for one youth program (Figure 5). From those ideas, questions were drawn: 

“Why is this city important to youth? Why are youth important to this city?” Questions 

developed into a need for data: “What do we know about people in the community who 

value or do not value youth?” Youth decided to survey local business owners on their 

youth hiring practices and patronage by youth and then place their data on a map for 

spatial analysis. 



47 

 

 
Figure 5. Post-whiteboard project visioning session. 

 

During 0-GE, formative assessment revealed that project visioning was something 

that could be more effectively conducted if ways could be found to involve youth more in 

driving the process. However, the challenges of visioning for those who have not 

experience it before are considerable. The cognitive scaffolding concept of PBL suggests 

that identify key barriers in a process and providing input to make the leap from one step 

to the next is one way of making a complex process more learner-centered. To a limited 

extent, aspects of scaffolding were incorporated into the approach followed in 1-SH and 

2-SE, qualitative assessment revealed that this was potential major barrier to future 

diffusion of the overall approach, and thus PBL scaffolding concepts are fundamental to 

future Akshen application suite development.  
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Each step in a YDCAM project, has its own challenges, however the overall 

approach is founded upon similar principles as the scientific method (Figure 6).  The 

similarities between the two methods of inquiry have been noted by others both in the 

scientific and educational communities (Schmidt et al. 1987; Taylor 2011; Wetzel 2008). 

Formal school science classrooms often use lesson plans that provide the question for 

students to run their experiments. Traditional PBL practices provide students with an “ill-

formed” question from which to trigger and orient their investigation. In YDCAM and 

Akshen PBL, youth work to create their own driving questions. Throughout the research 

process, youth return to their original question and make decisions on the research steps 

that follow project visioning.  

 
Figure 6. Event progression comparison with the scientific method. 
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Collecting and compiling data – Data collection at all formative stages was often 

done independently without the help of a connector. It began with a discussion based on 

the question “What information do you need to answer the questions you have raised and 

address the problem you have identified?” In the GE-0 stage, youth would either work in 

pairs or small groups using GPS receivers to collect waypoints while taking a few photos 

with a digital camera, and at more advanced stages, use PDAs running GIS to make 

attributed maps. In the SH-1 and SH-2 stages, youth took their GPS-enabled smart 

phones everywhere allowing data collection (points, photos, and when more advanced in 

the process, attributes), during program hours and after, throughout the day. However, 

project-specific data collection events were often organized by the program leader who 

was responsible for ensuring the safety of youth participants.  

Data collection was facilitated through the creation of specific tools for collecting 

and storing data. These tools included datasheets, digital data templates, and community 

survey questions. Datasheets, primarily used in stage 0-GE, were paired with a GPS 

receiver during data collection activities. By noting the GPS waypoint number in a 

datasheet field, youth could associate notes on observations from the field, or attribute 

information, that could later be manually entered into the waypoint information bubble 

once loaded into Google My Maps. When collecting large amounts of data, a datasheet 

became a timely and tedious endeavor. Youth needing a specific set of data attributes 

could work with a connector to create a digital data template. These were used in all three 

formative stages using different electronic formats. In 0-GE, youth using HGIS software 

on a GTK could design a data template in Excel with fields and potential attribute 
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selections listed under those fields. The Excel spreadsheet was converted to a Dbase 

(.dbf) file and uploaded to HGIS. Youth mapping in the field could mark a waypoint and 

then be prompted to select specific attributes for that location. For stages 1-SE and 2-SH, 

this format was duplicated in the GeoKnect smart phone app.  Originally, youth were 

provided with stock data templates focused on youth-friendly locations and a generic data 

collection template. However, one program required a data template tailored to their 

project and worked with a connector to develop it. The purpose of  the finances data 

template, co-designed by youth and their program leader, was meant to help youth 

quickly log their expenses so they could be reviewed later on to answer the questions 

“How and where do I spend my money over the course of one month?” This data 

template, later renamed data theme, was posted so that all GeoKnect users could 

download and use it for their own projects. Through realizing that sometimes not all of 

the information needed to solve a problem could be collected through observations, youth 

reached out to those living in the community to share their knowledge and perspectives 

on the issue identified by the program. Unique community survey questions were created 

to ascertain qualitative background information for their research project. Youth would 

design the questions, informally interview community members, enter their data into an 

Excel spreadsheet, produce descriptive statistics, and then analyze their results. The 

survey results provided depth to their research and the capacity to expand, to varying 

degrees, the representativeness and significance of their cause to the larger community.  

Analyzing data and presenting results - Due to the diversity of problems, projects, 

technologies, data formats, observations, and products, data analysis was very specific to 
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each individual project. However this step always began with the same questions, “Do 

you see any patterns or relationships in the dataset?”  For data analysis workshops in all 

three formative stages, youth had the opportunity to ask questions and had a connector on 

hand for troubleshooting (Figure 7). Seeing patterns and relationships is easier with 

experience, however the qualitative assessment revealed that maps are a good place to 

start learning as the data is visually displayed and usually easier to interpret than raw 

numbers. Once the patterns became apparent, several youth projects went on to construct 

Excel spreadsheets using the survey data collected and calculated the percentages of 

responses to the total number of surveys. This was possible because at least one variable 

in the survey was place-based, making it possible to “join” the tabular Excel data to the 

mapped locations and associated attribute data. 

 

 
Figure 7. A connector helping youth work through spatial analysis. 
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Taking action in the community and the environment – In most topics pursued in 

civic engagement programs, the youth involved are simultaneously working in the 

community and the environment to create change while conducting their research 

projects. Most youth understand that creating change happens over longer periods of time 

so small steps must be taken to make a difference. However, their project results are an 

empowering accomplishment that can further catalyze action. For example, youth in one 

program working in a town on the US-Mexico border met with the mayor to show the 

results of their project that mapped safe and unsafe places and the empty buildings in 

town. The problem they identified and selected to address was not having a safe location 

in town to hang out after school every day. Taking action can also involve doing 

community and environmental service. Youth from an environmental education after 

school program mapped plant species and human impacts on a small degraded lot in the 

city. After identifying the presence of the invasive species, buffelgrass, they worked to 

manually remove it from the property as their final group activity (Figure 8). Moreover, 

their efforts set the stage for later programs to actually produce a remediation plan and 

implement it in the lot. 
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Figure 8. Youth and connectors taking action by pulling buffelgrass, an invasive 

species in southern Arizona. 

 

The technology suites associated with each formative stage 

Over the course of this study, the technologies and supporting educational 

materials introduced to youth and program leaders were specifically designed to assist in 

identifying and solving a community/environment problem – the “overt” goal of the civic 

engagement/CAM programs that participated. In order to iteratively capture and 

incorporate the insights of program participants through formative analysis, programs 

were selected in each of three longitudinal stages. The technology suite introduced at 

each stage was developed based on what was learned in the prior formative stages (Table 

4).  
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Stage 0-GE was the baseline introduction of technology to a civic engagement 

YDCAM process prior to any input from participants; associated programs fell under the 

umbrella of the UA Geospatial Extension program. A basic set of geospatial technologies 

were used in the 0-GE programs. Garmin GPSMAP® 60 (Garmin, Ltd., Olathe, KS) 

global positioning system (GPS) receivers were used to introduce the concept of 

geographic location in map making. A combination of geospatial devices, including the 

GPS receiver linked by cable to a Windows® CE v. 2.0 – 4.2 (Microsoft Corporation, 

Redmond, WA) HP® iPAQ (Hewlett-Packard, Palo Alto, CA) personal digital assistant 

(PDA) running HGIS™ (Starpal, Inc., Fort Collins, CO) was introduced, permitting 

participants to collect both location and associated attribute data (e.g., a map of trees 

might include attributes like species name, height, and condition). The combination of 

devices was called a Geospatial Toolkit or “GTK.” Youth created maps using HGIS,  

which is a geographic information systems (GIS) software that runs on iPAQs. Content 

from the GPS receiver and GTK were manually transferred to computers for conversion, 

visualization and analysis.



 

 

 

  5
5

 

 

 

 

Table 4. Technology-related components by formative stage. 

Stage 

Operating 

system and 

device 

Data 

transfer 

Mapping 

(GIS) 
Collaboration Analysis Visualization 

Educational 

Materials 

0-GE 

GPS receiver + 

Windows Mobile 

CE v. 2.0 – 4.2 

Manual, 

USB cable 
GPS + HGIS 

Google My 

Maps 

Visual, 

MS 

Excel 

MS 

PowerPoint 
Factsheets 

1-SH 

Windows Mobile 

v 6.5  for 

smartphones 

Manual, 

USB cable 
GeoZat none Visual AkshenWeb none 

2-SH Android v 2.2 
Automatic, 

3G/WiFi 
GeoKnect Map Mashup Visual AkshenWeb 

Program Leader 

manual 
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Geospatial data was visualized in ArcGIS® v 9.2 and v 9.3 (ESRI, Redlands, CA) or 

converted to Keyhole Markup Language (KML) format (the native file format for Google 

Maps® and Google Earth® spatial data) using DNR Garmin (Minnesota Department of 

Natural Resources, St. Paul, MN). The collaborative research environment used by the 

participants was centered on online, collaborative tools such as Google Docs® and 

Google My Maps® (Google Inc., Mountain View, CA). As programs moved towards 

project completion, standard presentation software (e.g., Microsoft PowerPoint® 

(Microsoft Corporation, Redmond, WA)) was used to visualize and share project results. 

Communication among participants was on-site and through email. Factsheets composed 

by the YDCAM team supported program leaders through technology training and 

collaborative mapping workshops.  

Stage 1-SH incorporated what was learned from observations and input of 

participants in the 0-GE programs, which called for greater technology integration, 

mobility, and shared workspace. The technology suite for 1-SH, included a Windows 

Mobile v. 6.5 (Microsoft Corporation, Redmond, WA) GPS-enabled HTC Touch Pro 2 

smartphone (HTC Corporation, Taoyuan City, Taiwan). The mapping software employed 

on these phones was an in-house developed application (app) known as GeoZat (Akshen 

2010b). The collaborative work environment was a preliminary version of an interactive, 

Drupal-based content management system website, later known as AkshenWeb 

(Akshen.org)(Akshen 2010a), where participants could share experiences and upload 

outputs from their research. Collaborative mapping tools were first tested by youth at this 

stage using the Map Mashup Maker (Akshen 2010c) developed for the site. This app 
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compiles the geospatial content uploaded into maps created by multiple youth. 

Presentation of results was primarily supported by Microsoft PowerPoint. Content from 

the mobile phones and the mapping app was manually transferred to computers for 

analysis. Communication was facilitated by the mobile phones (short messaging service 

(SMS), also known as text messages; phone calls; instant messaging (IM); email and/or 

similar services through the phone browser). Enhanced factsheets were provided during 

this stage for training. An extensive effort was made to create educational presentations 

and videos to provide program leaders with materials for learning the technology. These 

materials emphasized online and mapping safety.  

Stage 2-SH, relying on what was learned in both 0-GE and 1-SH, employed an 

Android® v. 2.2 (Google, Mountain View, CA) T-Mobile® myTouch 3G Slide (T-

Mobile, Bonn, Germany) smartphone. An app permitting geotagged photography and 

associated commentary, known as GeoSnap (Akshen 2011c) was introduced. The 

mapping software initiative in the previous stage was upgraded and renamed GeoKnect 

(Akshen 2011b). Content created by youth participants was sent through 3G or WiFi 

from the smartphone to the AkshenWeb (Akshen 2010a), which served as a repository for 

content where youth could share, view, and comment on content created project-wide. 

The collaborative work environment was an enhanced version of AkshenWeb 

(Akshen.org), where participants could share experiences and upload outputs from their 

research. Enhancements were made to Map Mashup Maker, so that maps of multiple 

program participants could be more readily merged into a single product. The 

AkshenWeb environment contains some aspects of a social network, where participants 
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can contribute content, comment on each other‟s work, monitor progress, etc. 

Presentation of results remained primarily in Microsoft PowerPoint supplemented by 

Map Mashup Maker maps. Communication was facilitated in the same manner as the 

previous stage, however an in-house developed SMS server and software called BlueFox 

(Akshen 2011a) facilitated message distribution and made it possible for individuals to 

share those messages easily. Program leader trainings and materials in the form of a 

manual were delivered to support them as they integrated the technology into their 

programs.  

The changes in technology suite available to participants across the three 

formative stages follows a “technology integration” gradient that ranged from a disparate 

suite of devices and software manually linked together (0-GE), to a partially integrated 

system of smartphone applications and website tools (1-SH) to more fully integrated suite 

of applications and educational materials (2-SH) (Figure 9). The initial baseline stage (0-

GE) included GE programs that were run between 2006 and 2010; these programs 

required multiple devices and software applications for YDCAM, and they required the 

highest level of technical support. The 1-SH program participants in 2010 were assigned 

the Windows Mobile smartphone, integrating the GPS, basic mapping software, and 

communication, which required less technical support. The participants in the final stage 

(2-SH) were assigned an Android smartphone, integrating GPS, photography, improved 

mapping software, more interactive communication, and automated upload and download 

of what was produced. This was the highest degree of integration, requiring the least 

amount of technical support. 
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Figure 9. Technology gradient in programs using YDCAM methods. 

 

Stealth technologies for nutrition and PA 

The technology enhancements in stage 1-SH and 2-SH included components 

primarily designed to support the “stealth” goals of the Stealth Health project, increased 

physical activity and nutritional learning, which are not addressed in this research. 

However, these enhancements are briefly described here as they were accessible to the 

participants and were used in parallel with those technologies focused on the “overt” goal 

of the technologies (to help youth identify and solve community/environment problems). 

The technology innovations that were implemented to promote the stealth goals include 

GPS (employed in all three stages) which capitalized on the idea that to make a 

community map it is often necessary to walk around, thereby potentially increasing 

physical activity. 



60 

 

 

There were no nutritional learning “stealth” technologies in stage 0-GE. However, 

in 1-SH, two “stealth goal” technologies designed to indirectly encourage nutritional 

learning were introduced. Timed informal education messages to increase nutritional 

knowledge and awareness, were sent through an application called MyExperience© 

(University of Washington 2005-2007). The participants also had access to a tool 

designed in-house to promote dietary recall, known as the Recaller (Akshen 2010d) 

which was used for recording meals/snacks through photos and notes. This phase also 

introduced the game-based geocaching application GPSMission® (Orbster GmbH, 

Karlsruhe, Germany) to promote excitement about the technology and mapping as an 

activity. 

The BlueFox messaging technology introduced in 2-SH enhanced the nutritional 

messaging approach introduced in the previous stage, providing the capacity to activate 

message sending through time and participant triggers to release both “stealth” and 

“overt” goal-related content to participants through text messages and website pop-ups. 

This stage also included an “ask the expert” function on AkshenWeb where participants 

could receive and share expert responses to their nutrition and physical activity comments 

and questions if requested. Other “stealth” goal enhancements to AkshenWeb-based 

activities were implemented which participants could discover and use on a voluntary 

basis (e.g., a way to post and share recipes for healthy foods). 

The scaffolding 

 The PBL (Problem-Based Learning) scaffolding for all three formative 

stages was based on the same framework. It involves sequentially constructive levels of 
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activity that orients participants without instruction, The levels begin with activities to 

raise awareness of the potential community or environmental problems to be solved, 

followed by problem definition and selection, the posing of questions to be answered, 

identifying information needs and roles, data collection, visualization and analysis, and 

support for the presentation of results to civic leaders deemed essential for action to be 

taken towards a solution. 

Data sources and collection 

Both quantitative and qualitative data were collected throughout the course of the 

three formative stages beginning in September 2006 and ending December 2010. This 

included the following sources. 

Event logs and SH questionnaires- Event information, and participant 

demographics were captured in event logs in stages 0-GE and 1-SH, and through a 

questionnaire in stages 1-SH and 2-SH. The event logs included detailed information on 

events including the date, type of event (training, workshop, or meeting), number of 

youth participants, and demographics. For stage 2-SH, event information was verified by 

the connector working with their respective programs. Demographic information for 

stage 2-SH was systematically collected in a questionnaire filled out by each participant 

at the start of the program. 

Participant observations and field notes – Connectors were either present or in 

close communication with program leaders over the course of each program. The 

connectors recorded notes of their observations both while in the field and immediately 

following an event. General notes extracted from communication with program leaders 
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were also recorded. All written notes were transcribed and securely stored on a central 

server under a program-specific folder. These notes detail participant and program leader 

activities during events, as well as their perceptions and attitudes about the YDCAM 

process, trainings and workshop materials, participant and program leader feedback, and 

comments concerning the devices and software applications and other technology, as well 

and project progress and planning. 

Youth-created content –Throughout the YDCAM process, youth-created content 

was systematically saved and organized for project purposes. Youth-created content 

includes GPS waypoints and tracks, digital photographs, journal entries, final map 

documents, spreadsheets, and presentations. These content elements also served as a 

record of incremental project accomplishments. In stage 0-GE, the content elements were 

downloaded by USB cable from GPS devices and digital cameras to a digital folder 

located on a secure server at the UA Office of Arid Lands Studies. All content created 

using computer software or online web mapping tools was backed up to the same server. 

In stages 1-SH and 2-SH, youth-created content was uploaded by participants to a central 

website (AkshenWeb, Akshen.org) for review and storage. Any remaining content was 

downloaded by the YDCAM team directly from the participant smartphones at the end of 

each program. All GPS waypoints and tracks, unique geospatial features created in 

ArcGIS or Google My Maps, and GeoKnect KML files (the mapping file format 

employed in all Google and Akshen.org spatial applications) downloaded from the 

Akshen.org website with at least one and as many as four geographic features categorized 

as observations. The types of features included waypoints (placemarks), lines (tracks), 
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and polygons (areas). All photos and notes from the Recaller and GeoSnap apps were 

included as observations, even if spatial coordinates were not available. Presentations, 

posters, map products including map mashups, GeoKnect KML files with five or more 

geographic features, final project documents and data templates were categorized as 

products. 

Semi-structured interviews – Following the end of the first cohort of programs in 

the Stealth Health Intervention (stage 2-SH), six semi-structured interviews were 

conducted with program leaders. Interviews were digitally recorded with the program 

leader‟s permission and brief notes were taken to capture information essential to this 

research. Questions were designed to elicit the program leader‟s perspectives on 

technology and its relationship to learning, skill acquisition, civic engagement, 

participation, and technology challenges in nonformal education programs. A second set 

of interviews was conducted by Stealth Health project investigators (anthropologists) 

during stages 1-SH and 2-SH. Interview questions served as a guideline for conversations 

that included discussion on program leader responsibilities, technology comfort, training 

for program leaders, support from connectors, and program challenges. All questions 

were designed to inform future development of the Akshen web and smartphone 

applications, training, and educational materials during the project and assist in planning 

the future spread of the Stealth Health initiative beyond the research phases. 

Focus groups – During stage 0-GE, participants were asked about their 

impressions of the technology and the YDCAM process in informal groups in order to 

plan future activities. More structured focus groups were employed in stages 1-SH and 2-
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SH by Stealth Health project investigators (anthropologists).  These focus groups 

addressed how youth felt about the messaging component of the project. Youth were 

questioned about how many text messages they would be comfortable receiving, on what 

schedule, and what content they would be interested in receiving about physical activity 

and nutrition. 

Data analysis and interpretation 

Descriptive program overview – Event data logs and questionnaires were 

analyzed and interpreted to determine program characteristics including program dates 

and duration, number of events, total and average number of participants and participant 

demographics. 

Content analysis– Content analysis of participant observation and field notes and 

responses from semi-structure interviews with program leaders was used to identify and 

interpret indexed values of youth-drivenness and program leader tech comfort and the 

ordinal values for program structure, the independent variables used in this study. This 

began with inductively coding examples from a number of different data sources in order 

to establish a master code list which was then applied to the remaining data. The patterns 

of the initial codes were grouped according to meaning, from which commonalities led to 

sub-themes and themes, so that a final master list could be developed. The constant 

comparative technique introduced by Glaser and Strauss (1967) was used to cross-check 

the inductive category coding through a simultaneous and iterative comparison of all 

incidents observed across the different data sources. In this way new dimensions as well 
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as new relationships could be discovered, so that continuous refinement was possible 

throughout the data collection and analysis process.  

In the final coding step, themes which could be broken up into discreet 

presence/absence components (a value of “1” was assigned if the program exhibited or 

possessed a given attribute and a “0” if they did not) were so subdivided so that scale or 

index variables could be created. The indexed components values were then summed to 

yield a score from 0 to 5. This approach was used to estimate two of three independent 

variables: “level of youth-drivenness” and “degree of program leader technology 

comfort” (Table 5). A third independent variable developed from the coded data, “degree 

of program structure” was based on an ordinal scale ranging from 0 to 5 where 0 was 

equivalent to not structured at all and 5 was highly structured (Table 6). 

Table 5. Independent variables 1 and 2, and the binary components used to compute 

their indexed values. 

1-Level of youth-drivenness 

Binary Component Code Description 

yth_driv_goal Youth driven goal 

yth_commit Youth commitment 

yth_work_indep Youth worked independently 

yth_collab Youth collaboration 

yth_tech_leaders Youth technology leaders 

    

2-Degree of program leader technology comfort  

Binary Component Code Description 

PL_tech_use Program leader used technology 

PL_led_trng Program leader led tech trainings 

PL_partic_trng Program leader participated in tech trainings 

PL_comm_issues 
Program leader communicated tech issues to 

staff 

PL_adpt_tech 
Program leader adopted technology into 

program 

 



66 

 

 

Table 6. Independent variable 3 and its ordinal scale. 

3-Degree of program structure 

Value Description 

1 Almost no structure. PL often not present, so youth work independently. 

2 
Very little structure. Activities often unplanned. People flow freely in and 

out of discussions. 

3 Some structure. PL and youth decide together on events and activities. 

4 
Structured. Events and activities are mostly planned by PL, but youth 

design some and also have freedom to choose. 

5 
Highly structured. All events and activities planned by PL. No decisions or 

alterations by youth. 

 

The dependent variable in this research was designed to describe program 

success. As a measure of program success, youth observations and the products produced 

were summed, and the level of technology learning was calculated. Content analysis of 

youth-created content provided program accomplishments as counts of the total number 

of observations collected by youth and a count of the subsequent products created per 

group. Youth-created content was assigned a score between 0 and 3 corresponding with 

none, low, medium and high amounts of content created (these categories were based on 

an analysis of a frequency distribution of all the content produced by all the programs) . 

Content analysis of event and product data provided information on the technology tools 

used and the level of training attained. In a similar manner and ordinal scale, a score 

between 0 and 3 was assigned depending on the level of technology learning reached.  

A summation of the two measures, program accomplishments and level of 

technology learning, resulted in the dependent variable, program success. Program 

accomplishments measured the youth-created content, or number of products and 

observations, and then placed all the groups on an ordinal scale between zero and three. 



67 

 

 

The level of technology learning measured the type of technology used and the activity 

reached in the progression of training events. This was evaluated based on the recorded 

events and the products created by each program and assigned a score on an ordinal scale 

between zero and three. The events score and products score were averaged to produce 

the final score for level of technology learning. 

These steps provided a means to describe the participants, the learning context, 

and the accomplishments made by those participating in the education programs in a way 

that made the qualitative data semi-quantitative and transferable to other research 

settings, including the various correlations and regression models employed for this 

research (Valaitis et al. 2005). 

Statistical analysis 

Statistical analysis was performed using STATA (StataCorp LP, College Station, 

TX). Independent variables included the indexed variables, youth-drivenness and 

program leader tech comfort, and the ordinal variable, program structure. The dependent 

variable, program success, was measured by the number of program accomplishments 

and the level of technology learning achieved (Figure 12). Additional predictor variables 

included the formative stage, the type of connector, total participation, average 

participation, total number of days, total number of events, the male-female ratio, a 

normalized diversity index value, mean income, proportion of participants 

underrepresented in STEM fields, mean age of youth participants, and an age ratio 

comparing the number of youth 16 years of age and older with youth 15 years of age and 

younger.  
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The dependent, independent, and other predictor variables were descriptively 

explored through frequency distribution histograms for all participating programs (n=20). 

Because the dependent variable did not have a normal distribution, possible 

transformations to make the data more normal were explored (Table 7, Figure 10). 

Table 7. Frequency distribution of the dependent variable. 

Program 

Success 
Frequency Percent 

Cumulative 

Percent 

1.5  1 5.00 5.00 

2  3 15.00 20.00 

2.5  2 10.00 30.00 

3.5  5 25.00 55.00 

4  5 25.00 80.00 

4.5  2 10.00 90.00 

5  2 10.00 100.00 

Total 20 100.00  

 

 
Figure 10. Histogram of the dependent variable. 

The best transformation to address this is to square the dependent variable (top, center 

graph among the possible transformations in Figure 11). The squared dependent variable 

was included in the final model. 
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Figure 11. Histograms by transformation of the dependent variable. 

Results from program descriptions and content analysis were transformed to 

populate the independent and dependent variables. Next, the relationships between the 

dependent variable and the independent and other predictor variables were evaluated. 

Univariate correlations between them and associated Spearman‟s rho and p-values were 

calculated, and two-way scatter plots were produced. Spearman‟s rho is a non-parametric 

(because the data were not normally distributed) preliminary measure of association 

between the independent and predictor variables and the dependent variable (Strand 

2010). A p-value significance level of α= 0.05 was used to determine if relationships 

between variables were statistically significant because the total number of data points 

was relatively low (n=20) while the number of variables considered overall were 

relatively high. A p-value is used to decide whether the null hypothesis should be rejected 

(Pagano et al. 2000). Additional possible independent variables were screened by 
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correlating the dependent variable and other variables in the dataset, with particular 

emphasis on those predictor variables that showed promise in the Spearman correlation 

results. After this, simple linear regressions were run with the three proposed independent 

variables.  A simple linear regression looks at how well a model can predict the 

dependent variable using the independent variable (Strand 2010). Each simple linear 

regression produced values that helped determine their inclusion in the model. Each 

independent variable with a p-value of 0.05 was included. Additional models were run to 

explore whether the addition of other possible explanatory independent variables to the 

models of the independent variables that showed promise would explain more of the 

variation and result in a stronger model. As a final step, all possible explanatory variables 

were included in a forward stepwise regression for the same reason. The model with the 

best fit was identified among all regressions run. In evaluating the overall model fit, the 

F-statistic, p-value, and R-squared were observed. Finally, diagnostic plots of residuals 

and leverage were generated on the best model to determine whether the assumptions of 

the model were met, and to identify the points that influenced the model the most. 



71 

 

 

 
 

Figure 12. Linear regression analysis model. 
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3. RESULTS 

 

This section provides summary results of the independent variables of youth-

drivenness, program structure level, program leader tech comfort; fourteen additional 

predictor variables; and the dependent variable, program success.  

Qualitative data summary 

Content analysis of qualitative data sources provided key insights that allowed for 

the formation of data codes that informed the independent and dependent variables.  

 

Table 8. Content analysis results informing youth-drivenness. 

Stage Observation Finding Source 

0-GE 

Youth looked to program 

leader to answer 

question in relation to 

main problems affecting 

youth in their area 

Goal of civic engagement 

project was not youth-driven 

Participant 

Observation 

0-GE 

Youth assisted connector 

in leading technology 

training 

Strong youth technology 

leaders present 

Participant 

Observation 

0-GE 

Youth collected survey 

information from bus 

passengers about 

transportation issues in 

the community 

Youth collected data and 

worked independently to 

complete various tasks in the 

problem-solving process 

Field notes 

1-SH 

Youth combined 

GeoKnect maps from 

different locations 

around city using Map 

Mashup Maker 

Youth collaboratively planned 

mapping activities and then 

used collaborative mapping 

tools to create final product 

Youth-created 

content 

2-SH 

Youth created project-

related content using 

GeoSnap consistently 

Youth were committed to 

civic engagement project 

goals 

Youth-created 

content 
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Table 9. Content analysis results informing program structure. 

Stage Observation Finding Source 

0-GE 

Program events included 

detailed itinerary of 

activities, including 

specific time allotted to 

civic engagement project 

work 

Program fairly 

structured to achieve 

many program goals 

Event logs 

0-GE 

Youth freely enter and 

exit room over the course 

of one training event or 

meeting discussion 

Program had very 

little structure 
Participant observation 

1-SH 

Youth collected data 

almost exclusively 

during program events 

despite having phones 

for over 50 days 

Program structure 

prescribed youth 

participation 

Youth-created content 

2-SH 

Youth and program 

leader decided together 

when and how to pursue 

civic engagement goals 

Some structure 

apparent while still 

allowing youth 

freedom to make 

decisions 

Field notes 
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Table 10. Content analysis results informing program leader technology comfort. 

Stage Observation Finding Source 

0-GE 

Program leader checked 

out geospatial equipment 

to continue mapping and 

data collection activities 

Program leader comfortable 

with facilitating data 

collection using GPS 

receivers 

Field notes 

1-SH 

Program leader 

introduced additional 

smartphone apps to 

youth to encourage both 

physical activity and 

excitement about device 

Program leader had previous 

knowledge of smartphone use 

and downloading of apps 

Semi-structured 

interviews 

2-SH 

Program leader remarked 

on how less technical 

support was provided for 

smartphones than for 

GTK trainings 

Program leader technology 

comfort not high 

Semi-structured 

interviews 

2-SH 

Program leader practiced 

using tools over course 

of program and 

communicated technical 

issues 

Program leader technology 

comfort improved as skills 

and understanding increased 

Field notes 
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Table 11. Measures used to derive program success, the dependent variable. 

Stage 
Prog. 

ID 

Program 

Accomplishments 

Level of 

Tech. 

Learning 

Program 

Success 

0 1-01 1 2.5  3.5  

0 1-02 1 2.5  3.5  

0 1-03 1 1.5  2.5  

0 2-01 1 3  4  

0 2-02 1 2.5  3.5  

0 3-01 2 2  4  

0 3-02 2 2  4  

0 3-03 2 2.5  4.5  

0 4-01 2 2  4  

0 4-02 2 3  5  

1 1-04 2 1.5  3.5  

1 3-04 1 1  2  

1 5-01 1 1  2  

2 1-05 2 2.5  4.5  

2 3-05 1 0.5  1.5  

2 5-02 2 1.5  3.5  

2 5-03 1 1  2  

2 6-01 3 1  4  

2 6-02 3 2  5  

2 6-03 2 0.5  2.5  

 

The dependent variable, program success, ranged from 1.5 to 5 (Table 11) and all 

independent variable scores ranged from 0 to 5 (Table 12). 

 

 

 

 

 



76 

 

 

 

Table 12. Scores for the independent and dependent variables (n=20). 

 Independent Variables Dependent 

Stage 
Prog. 

ID 

Youth- 

Drivenness 

Structure 

Level 

PL Technology 

Comfort 

Program 

Success 

0-GE 1-01 5 2 3 3.5  

0-GE 1-02 5 1 3 3.5  

0-GE 1-03 3 2 1 2.5  

0-GE 2-01 3 4 2 4  

0-GE 2-02 2 3 2 3.5  

0-GE 3-01 2 4 2 4  

0-GE 3-02 3 4 3 4  

0-GE 3-03 5 4 3 4.5  

0-GE 4-01 5 3 4 4  

0-GE 4-02 1 4 4 5  

1-SH 1-04 0 3 2 3.5  

1-SH 3-04 0 4 1 2  

1-SH 5-01 3 4 4 2  

2-SH 1-05 4 3 2 4.5  

2-SH 3-05 0 4 1 1.5  

2-SH 5-02 4 4 5 3.5  

2-SH 5-03 0 4 0 2  

2-SH 6-01 2 5 2 4  

2-SH 6-02 5 5 5 5  

2-SH 6-03 3 5 5 2.5  

 

Evaluating relationships between dependent variables and independent variables 

Results from program descriptions and content analysis were transformed to 

populate the independent and dependent variables. These variables were then analyzed 

using two-way scatterplots, a Spearman‟s rho test and linear regression.  

Scatterplots of the three main independent variables were created to visually 

investigate the relationship to the dependent variable. Comparisons between program 

success and formative stage (Figure 13), total number of events (Figure 14), youth -
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drivenness (Figure 15), program structure (Figure 16), program leader technology 

comfort (Figure 17), and the normalized diversity index values (Figure 18) are shown 

below. 

 

 
Figure 13. Scatterplot of program success vs. formative stage. 

 

 
Figure 14. Scatterplot of program success vs. total number of events. 
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Figure 15. Scatterplot of program success vs. youth-drivenness. 

 
Figure 16. Scatterplot of program success vs. program structure. 

 
Figure 17. Scatterplot of program success vs. program leader technology comfort. 
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Figure 18. Scatterplot of program success vs. normalized diversity index values. 
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relationship in the initial univariate correlation screening. However, when added to the 

model did not meet the criteria for inclusion. 

Next, a Spearman‟s rho test was run in STATA as a preliminary measure of 

association between the independent and predictor variables and the dependent variable 

(Strand 2010). A p-value significance level of α= 0.05 was used to determine if 

relationships between variables were statistically significant and to decide whether the 

null hypothesis should be rejected. Out of the main independent variables, program 

structure (Structural Level) and program leader technology comfort (Program Leader 

Technology Comfort Level) were shown not to be statistically significant (p-value= 

0.5871 and 0.0794, respectively). Using this correlation test, there was a strong, positive 

correlation between youth-drivenness and program success (p-value= 0.0537). This value 

did not meet the initial criteria for inclusion, but was retained because of the high 

ranking. Additional possible predictor variables were screened by correlating the 

dependent variable and other variables in the dataset. Out of 14 additional predictors, 

only normalized diversity, total number of participants, total number of events and total 

days were significant (Table 13). The total number of participants, total number of days 

and total number of events were positively correlated and normalized diversity was 

negatively correlated.  
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Table 13. Spearman’s rho and p-values of screened variables. 

Independent Variable 

Spearman's 

Rho P-value N 

Figure 

Number 

Formative stage -0.2574   0.2732  20 F13 

Youth-drivenness 0.4375  0.0537  20 F14 

Level of program structure 0.1293   0.5871  20 F15 

Program leader technology 

comfort level 
0.4014  0.0794  

20 F16 

Total number of events 0.5533   0.0114  20 F17 

Total number of days 0.5269  0.0170  20  

Age ratio 0.2314  0.3263  20  

Total number of participants 0.4832  0.0309  20  

Average number of 

participants 
0.3857  0.0930  

20  

Male-to-female ratio 0.1239  0.6027  20  

Mean age 0.0964  0.6861  20  

Minimum age -0.1393  0.5582  20  

Maximum age 0.1186  0.6185  20  

Level of technical support 0.1615  0.4963  20  

Normalized diversity -0.4524   0.0452  20 F18 

Mean income -0.1543  0.5161  20  

Proportion underrepresented 

in STEM 
0.0042  0.9859  

20  

 

Results suggested a relationship between the dependent variable, program 

success, and four of the independent variables: youth-drivenness, total number of events, 

total number of days, and normalized diversity.  

Simple regressions with possible independent variables 

Simple linear regression was then used to individually evaluate how well those 

independent and predictor variables, previously identified using the Spearman‟s rho test, 

could predict program success. The squared transformation of the dependent variable was 

used in each regression. A simple linear regression looks at how well a model can predict 

the dependent variable using the independent variable (Strand 2010). Each simple linear 

regression produced values that helped determine their inclusion in the model (Table 14).  
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Table 14. Independent variables considered for inclusion in the model. 

Independent variable Coefficient P-value Inclusion in Model 

Youth-drivenness 1.676  0.047 Included 

Program leader technology 

comfort 
1.985  0.064 Rejected 

Total number of events 0.369  0.006 Included 

Total number of days 0.018  0.017 Rejected 

Normalized diversity index 

value 
-16.818  0.035 Rejected 

 

A multivariate regression using the independent variables youth-drivenness and 

total number of events was chosen as the best model to predict program success. After 

adjusting for the total number of events, the p-value of youth-drivenness equaled 0.007 

(Figure 19). The total number of events best represents the amount of activity that 

involved youth and was chosen to include in the model over the total number of days. 

Program leader technology comfort and normalized diversity did not meet the criteria for 

inclusion in the model.  

 

regress sq_prg_success yth_driveness ttl_events 

 

      Source |       SS       df       MS              Number of obs =      20 

-------------+------------------------------           F(  2,    17) =   11.86 

       Model |  518.679772     2  259.339886           Prob > F      =  0.0006 

    Residual |  371.832728    17  21.8725134           R-squared     =  0.5825 

-------------+------------------------------           Adj R-squared =  0.5333 

       Total |    890.5125    19  46.8690789           Root MSE      =  4.6768 

 

------------------------------------------------------------------------------- 

sq_prg_succ~s |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 

--------------+---------------------------------------------------------------- 

yth_driveness |   1.800298   .5865885     3.07   0.007     .5627046    3.037892 

   ttl_events |   .3850736   .0977392     3.94   0.001      .178862    .5912853 

        _cons |   3.083745   2.334769     1.32   0.204    -1.842188    8.009677 

------------------------------------------------------------------------------- 

 

Figure 19. Multiple regression output for independent variables youth-drivenness 

and total number of events vs. the dependent variable program success. 
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Evaluation of overall model fit  

 In evaluating the overall model fit, the F-statistic, p-value, and R-squared 

were observed. The F-statistic tests the overall significance of the multiple regression 

model. As seen in the above output, the F-statistic equaled 11.86. The p-value of the F-

statistic is the probability that the null hypothesis for the model is true. The p-value 

equaled 0.0006 and is well within the cutoff point of 0.05. The large F-statistic and small 

p-value suggest that there is a relationship between the dependent and independent 

variables and the model is a good fit.  

Two additional diagnostic plots were created to further investigate the model‟s fit. 

First, the residuals were plotted against the fitted values of the model. A residual is the 

difference in value between the sample and the estimated value (Pagano, et al. 2000). 

Analyzing the residuals ensures there are no systematic biases in the model (Strand 

2010). No regular pattern could be detected ensuring the model‟s fit (Figure 20). Second, 

leverage was plotted against the normalized residuals squared. Leverage plots provide 

information on “how much potential for influencing the regression an observation has, 

based on its particular contribution of x values” (Hamilton 2008). Along the y-axis, the 

leverage remained close to zero assuring that no points had the potential of influencing 

the regression (Figure 21). Two outliers were identified; one program that had a high 

number of events and low youth-drivenness and the other with a high value for youth-

drivenness and few number of events.  
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Figure 20. Residual analysis plot. 

 
Figure 21. Leverage analysis plot. 
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4. DISCUSSION 

 

Summary of Results 

 The best fit model for the hypotheses tested was a multivariate regression 

that included the independent variables youth-drivenness and total number of events.  

The overall fit of the model was supported by the F-statistic (F (2, 17)=11.86) and its p-

value (Prob>F=0.0006). Once adjusted for the total number of events, the p-value of the 

independent variable youth-drivenness changed from 0.047 to 0.007, thus further 

strengthening its significance in relation to the outcome, program success.   

Program structure and program leader technology comfort were not shown to be 

significantly related to program success in this research study. Programs with varying 

levels of structure achieved program success, as did programs with varying levels of 

program leader technology comfort. The majority of additional predicator variables were 

shown to not be significant, including the formative stage of each program. Formative 

stages were broken down by both time and along the technology gradient that changed as 

the technology became more accessible to youth and the influence of the connector 

decreased. The total number of events, total number of days, and normalized diversity 

index were all significantly related to the outcome. Only number of events was included 

in the model.  

The original hypotheses predicted the null hypothesis to show no relationship 

between the three main independent variables (youth-drivenness, program structure, and 

program leader technology comfort) and the dependent variable (program success). Each 
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independent variable, along with a few additional predictor variables, is discussed in 

more detail below. 

Formative stage 

 Incremental changes in the geospatial technology used, the process of YDCAM, 

and the amount of technical support provided to programs was captured in the formative 

stage potential predictor variable. These changes over time were found to have no 

significant effect on program success. In order to conduct this research and include 

programs from three separate stages, special care was taken to ensure that each stage 

contained similar elements that could be compared equally. Each stage introduced 

technologies that were capable of creating youth-created content, visualizing that content 

in maps, analyzing and then presenting their results to the community. With no 

relationship between the potential predictor variable and the outcome, the possibility of a 

confounding effect can be eliminated. 

 The qualitative assessment revealed that changes in technology over the three 

formative stages did affect the programs and their technology access, barriers and 

opportunities.  In the 0-GE stage, youth using GPS receivers and GTKs only had access 

to the technology within the time constraints of a program event. While this may have 

made the data collection activities more focused, there was a limited amount of time 

dedicated to using the technology. If long periods of time passed between events, 

sometimes technology training refreshers were necessary. Once data was collected, a data 

conversion process was used to visualize the geospatial information on a map, facilitated 

by a connector. The additional steps necessary for visualization may create a barrier to 
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the activity being replicated by the program leader or the participants without connector 

support.  

The greatest opportunity created when using the GPS receivers and GTKs was the 

participant‟s clear understanding of the scientific research experience. In the 1-SH and 2-

SH stages, youth were issued a smart phone for the duration of the program. These 

programs had a similar number of products and observations, suggesting that participants 

used the phones for their projects within the time constraints of program events. Further 

analysis on the timestamp on observations and products might reveal the specific data 

collection behaviors of participants. However, these two stages had fewer barriers to 

near-real time (and sometime real time) data visualization while and immediately after 

mapping. The data collected was stored in KML format and therefore was easily 

transferred and visualized on a map. The elimination of the data conversion step and 

manual upload to a map reduced the steps involved, but also removed the opportunity for 

increased technological literacy and associated problem solving. In the majority of the 0-

GE programs, at least one or two youth expressed interests in these steps. One such youth 

went on to study geospatial technologies at the local community college soon after the 

program ended. While the intention across the formative stages was to decrease the 

number of steps, lack of access, and technology barriers, opportunities for deconstructing 

the technology, learning the appropriate language, and understanding geospatial science 

and location-based software application development should still remain part of the 

approach of the program for those youth wanting to push their technology literacy 

further. 
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 In order to create a self-sustaining educational framework, influences of the 

connector were incrementally removed the influence across the formative stages. From a 

research standpoint, the connectors functioned not only as a support for both the 

YDCAM process and technology training events, but they were also instrumental in 

collecting qualitative data on the delivery of the education program so that we could 

formatively adapt the educational framework and materials and the technology being 

implemented, including small tweaks to the apps and the website. To be successful as an 

informal education program that can be adopted by other education programs with 

potentially limited access to technology expertise, it was important that the role of the 

connector be reduced. It was clear in the qualitative data that this would be essential to 

any successful diffusion of the educational framework and the problem-solving 

application suite to other programs where no connector would be available.  

Total events and days 

 Two potential predictor variables, total number of events and total number of 

days, were shown to have a significant positive relationship with the outcome. Total 

number of events was chosen for inclusion in the model as it better describes that amount 

of time youth spent working on their projects and showed a stronger relationship to the 

outcome in the simple linear regression results. In the final model, once the independent 

variable youth-drivenness was adjusted by the total number of events, the strength of the 

model increased.  

 These results support the idea that while the level of program structure may not 

have a significant influence on program success, having a common physical space for 
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youth to meet while they conduct problem-solving research is important. Many of the 

activities can be conducted independently without program leader facilitation; however, a 

few training and activities are collaborative and require youth to be in the same space. 

These collaborative components are fundamental to civic engagement efforts as they 

promote social learning, teamwork and leadership skills. The Stealth Health program 

leader training manual strongly suggested that groups meet at least once a week for eight 

weeks for a total of eight events. Ten out of eleven programs that met at least eight times 

achieved higher program success with a score of 3.5 (out of a maximum of 6.0) or 

greater. The qualitative assessment revealed that a program event, when youth gathered 

together to move their project forward, maximized the likelihood that the youth would 

increase their technology learning and program accomplishments. All events occurred 

after school and on weekends, but were designed to engage youth in STEM education 

skill building activities. Keeping youth engaged, as the statistical analysis results 

suggested, and the qualitative assessment reinforced, was a result of youth-driven 

practices adopted within a program that encouraged and ultimately empowered youth to 

take ownership of their problem and get motivated to do research to find solutions. A 

critical element of being empowered in the YDCAM process is encouraging peer to peer 

connections as a means towards identifying problems that are uniquely affecting youth. 

The qualitative assessment provided insight on how completion of technology trainings, 

project visioning, collecting and compiling data, analyzing and presenting project results, 

and then taking action were all directly related to the success of a program 
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The support for the inclusion of total number of events in the final model is well 

documented in the qualitative assessment of the specific program events that were 

necessary for youth to learn about technology, mapping, and problem-solving in their 

communities and the environment. Certain activities required youth working together, but 

others depended on the individual qualities (e.g., existing skill sets) of youth in each 

program.   

Youth-drivenness  

Positive youth development practices for empowerment and STEM learning were 

integrated in all program activities throughout the three formative stages so that youth-

drivenness was encouraged. Positive youth development programs seek to prevent 

problem behaviors by achieving objectives that build up a youth‟s personal character and 

attitudes (Catalano et al. 2004). After school programs (Kahne et al. 2001), communities 

(Blyth et al. 1995), and natural environments (Schusler et al. 2010) can serve as contexts 

for youth development activities. In YDCAM programs, empowerment through STEM 

learning, learner-centric methods of learning, collaborative activities, youth voice, and 

problem-solving fostered the potential for positive youth development. Certain program 

leaders pursued these approaches that enabled youth-drivenness more than others. 

However, the qualitative assessment and content analysis revealed a number of qualities 

associated with the role and influence in decision making and activity that youth took on. 

Programs with a high level of youth-drivenness had participants who were committed to 

their project, worked independently of the program leader and connector, collaborated in 

the same physical and virtual spaces, had youth technology leaders that mentored other 
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youth through technology-focused activities, and had a youth-driven goal for their 

project. The model suggested that successful programs achieving a higher level of 

technology learning and number of program accomplishments would not have been as 

successful if they had not exhibited, and therefore promoted, these traits.  

Each organization with programs that were assessed in this research had at least 

one program that had a high program success score (3.0 or higher out of a possible 6.0) as 

well as a similarly high youth-drivenness score. Participant observations conducted help 

us understand how tech-enabled, youth-driven environments function. All eight programs 

identified as high program success/high youth-drivenness had a youth-driven goal and 

included situations where youth worked collaboratively both physically and virtually. In 

one program in the GE-0 stage where transportation was the youth-driven goal identified, 

the youth were originally presented with several project options before they brainstormed 

and came up with their own idea. The program leader, acting as a facilitator, asked the 

youth how they would understand how to improve the transportation system in the 

community. The youth decided independently that they would survey people in the 

community to decide where new bus stop locations should be placed. Each individual 

marked on the map the preferred location; the combined locations of all survey 

respondents and the existing bus route and stops were plotted on a map so that results 

could be spatially analyzed (Figure 22). The analysis of the spatial density of their 

preferences showed that the respondents felt the community needed new bus stops  in 

map zones which were the furthest from the existing bus stops and route (in sections “4” 

and “5” in Figure 22). Youth went on to present these results to their local community 
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leaders, elected officials and transportation agency representatives. At the presentation, 

the youth spoke confidently about their project, the research process, and the results 

discovered. A youth-driven goal set them on a path where the subject they pursued was 

uniquely their idea and an issue that impacted many youth on a daily basis. Activities that 

were collaborative in nature gave youth the opportunity to work on aspects on the project 

that they were interested in and could later speak about when presenting the project to the 

community.  

 
Figure 22. Bus stops, proposed bus stops, and proposed bus route in community. 
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In another program, that in this case was part of the SH-2 stage, the youth were 

able to collect a high amount of data across a large geographic area. These youth were 

personally invested in the idea of increasing access to youth services around town, and as 

such, they were readily able to locate and map the locations they wanted to include. Their 

“map mashup” contains the integration of three individually created and uploaded maps 

from participants in the program (Figure 23). Using the GeoKnect app and Map Mashup 

Maker, the youth were able to collect the data they needed and then virtually collaborate 

to create a finished product that included youth services in three different sections of the 

city. In this case, youth were able to conduct their research independent of their 

program‟s meeting times while using their project smart phones to collect data. This 

particular group had a relatively high age ratio (1.17), meaning that there were more 

youth fifteen years and older than younger youth in the program. While peer-to-peer 

mentoring does not always result from a high age ratio, in this program, participant 

observations included numerous examples older youth both helping younger youth with 

learning the technology and moderating the content they created. After younger youth 

collected waypoints and photos using GeoKnect, older youth checked their data for any 

potential risks (e.g., photos that identify youth, locations that identify youth homes) 

before uploading them to Akshen Web. In youth-driven programs, this research suggests 

youth may feel empowered to become teachers and share their skills with others. 
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Figure 23. Youth services data collected with a GPS-enabled smart phone. 

 

 In another GE-0 stage program where 100% of the youth participants were 

15 years and older, advanced technology skills and higher levels of confidence allowed 

for more complex and independent analysis of collected data. Using a scaled-down 

version of the Nature Conservancy‟s Rapid Ecological Assessment protocol (Sayre 2000) 

and David Tongway‟s Landscape Function Analysis (Tongway et al. 2004), the youth 

learned to take vegetation measurements along a transect and make rapid assessments of 

the ecological balance and health of a site on the Las Cienagas National Conservation 

Area near Sonoita, Arizona. The research protocols they selected were designed to 

provide an assessment of the health through understanding the connectedness vs. 

patchiness of vegetation and bare soil on a landscape of interest. GPS receivers were used 

to mark waypoints at the start and end of each transect, and at all locations where wildlife 
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sighting were made. As youth collected data and explored the area, the tracking function 

on the GPS receiver recorded a trail of vertices (akin to waypoints), or “breadcrumbs,” 

which was then converted to a track and displayed in Google Earth image as a white line. 

Using the historical imagery slidebar in Google Earth, the youth observed a range of 

available satellite imagery starting in 1992 through 2010. The quality of the imagery 

changes over time, but the condition of the landscape also changes. The plant cover area 

on the hillside increases, as does the size of the retention pond at the bottom of the slope. 

 
Figure 24. Plant and animal survey locations on public land.  

 

During transect data collection, youth worked in pairs to visually evaluate the 

land cover type and note their observations on a datasheet (Figures 24, 25 & 26). In later 

stages, GeoKnect‟s data templates replaced the need for a paper datasheet. Time and 

human error were both reduced in this upgrade since transferring data from the datasheet 
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to an Excel spreadsheet was tedious work. Youth measured the distance that one land 

cover type covered and noted these distances. If they were able to identify the vegetation 

or wanted to make note of a particular observation they included these in a “Notes” field. 

The collection of scientific data is not often something an adolescent would initiate 

independently, however, with access to technologies these environmentally-focused 

youth had access to, had learned and enjoyed using, they successfully completed the 

transects they set out to measure. Upon returning to the computer lab, youth compared 

their small-scale survey entered in Microsoft Excel with the data they were able to 

visually perceive and measure using Google Earth. Along with a connector or program 

leader, programs worked through analysis methods that taught them to be critical of the 

information available from various data sources. The pixel resolution of the imagery 

available did not allow for the same small-scale measurements that had been taken while 

in the field, however, youth decided that aerial and satellite imagery might be good for 

monitoring the land condition in between less frequent field measurement trips. 

Youth in this program had developed a variety of possible projects, eventually 

setting the goal of successfully planning a nature-bound expedition. Knowing how to 

conduct scientific research with tools, protocols, and data is a necessary part of a 

scientifically-minded expedition. In qualitative interviews, the program leaders believed 

that geospatial skills, such as knowing how to use a GPS and view waypoints collected 

on a map, were important for their program and achieved STEM education goals. 
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Figure 25. Landscape Function Analysis data collected by youth. 

 
Figure 26. Youth noting the land cover type along a transect. 
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 As these examples illustrate, youth-drivenness can be expressed in many 

different ways depending upon specific program characteristics. This research suggests, 

however, that what remains in common, is that youth are empowered to lead and to learn 

based on the choices and decisions that they make, and if they take charge of making 

those decisions on their own, success is more likely. Youth see the world and their 

communities differently than adults do, and they need different tools to assess it (Evans 

2007).  

Program structure 

Thirteen out of twenty of the programs included in this study were described as 

“structured” or “highly structured” after the content analysis was conducted and the 

results analyzed. While no significant relationship was measured between the 

independent variable, program structure, and the outcome of program success, the 

structure of a program did play a role in how youth progressed through the training 

process. In trainings, when youth were introduced to the technology and 

research/problem-solving process, participant observations reveal that focus seemed to be 

a concern of both program leaders and connectors. In programs with less structure, it was 

often perceived that youth were not paying attention, being “distracted” by the 

technology they were trying to learn in ways outside of the immediate learning 

objectives. Programs with more structure and emphasis on maintaining order reported 

more focus, and in the shorter run, more rapid uptake of the new technologies. Despite 

these differences in structure, technology learning objectives were achieved. It is 

possible, that even though youth in less structured programs appear to not be paying 
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attention, they in fact are, but are also multitasking by talking to their friends and surfing 

the internet at the same time. As “digitial natives,” some youth may also be able to figure 

out the technology without guided facilitation. Lastly, seven out of twenty programs were 

characterized as less structured with a score of 3.0 or less out of 5.0. All of these less 

structured programs had an age ratio of 0.70 or higher indicating a higher percentage of 

older youth compared to younger youth in the program. The presence of more older 

youth in these programs may provide program leader the possibility of working with less 

structure while still achieving goals due to the increased potential for peer-to-peer 

mentoring by the older youth to the younger. 

In a qualitative research conducted for the SH-2 stage, it was reported that five of 

eleven participating program leaders interviewed believed that “Akshen applications 

worked better in more structured environments than in spontaneous ones” (Nichter et al. 

2011). These program leaders led both structured and unstructured programs. 

Interestingly, the qualitative assessment for this research revealed that all five of these 

program leaders started with low program leader technology comfort (the level of one 

program leader increased substantially over time) suggesting that they were not 

comfortable managing a new technology in their programs without support. Program 

activity observations revealed that external obstacles, including software bugs and 

3G/WiFi connectivity issues, also challenged the introduction of the Akshen applications. 

Furthermore, each of the five program leaders specifically described the smart phone as 

having been a “distraction” in their programs. Despite these technology concerns, the 

qualitative assessment for this research revealed that these same program leaders 
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acknowledged that they could see the potential for a smart phone as a research and 

learning tool. These reactions suggest that the perception of technology as a distraction 

must be managed before integration into an after school program. Unfortunately, the 

solution is not as easy as identifying the problem. One program leader requested that all 

apps except for project-related ones be removed from the smart phone. While this was 

not possible, future interventions and tech-enabled projects may need to plan for better 

technology integration.  

Program leader technology comfort 

 Program leader technology comfort was not significantly related to the outcome, 

program success. Visual analysis of the scatterplot, however, does reveal a trend showing 

that programs with higher levels of program leader technology comfort achieved higher 

levels of program success. There are two outliers that may have affected the simple linear 

regression results. The first was in the SH-1 stage and had a score of 2 for program 

success, 4 for program leader technology comfort, and 3 for youth-drivenness, the most 

significant independent variable. The same program leader working with a new cohort of 

youth in the SH-2 stage achieved a 3.5 score for program success when youth-drivenness 

equaled 4. This change over time suggests that while the program leader‟s technology 

comfort remained high, it was actually the change in youth-drivenness that caused the 

increase in program success. Both outlier programs produced zero final products in the 

course of their program. This suggests that the program leaders were not comfortable 

leading or assisting youth in creating map mashups. This may have been due to a variety 

of reasons. The technology not functioning properly, being too difficult to understand or 
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use, and/or the lack of development of a project goal are all possible reasons that no 

products were created. One program leader commented on the difficulty they faced using 

GeoKnect and how this may have been transferred to the youth. Another program leader 

felt that the program leaders needed more time using the Android smartphones before 

their youth programs began.  

At the outset, each program expressed a desire to add a civic engagement 

component to their program activities and decided that a tech-enabled form of YDCAM 

may complement their existing program goals. No other requirements were necessary for 

participation. Program leaders were not required to know how to use or train others in 

technologies like GPS or GPS-enabled smart phone apps. All technology trainings were 

designed to be led by a connector or the program leader using provided documentation 

and handouts for youth participants. A connector, or facilitator placed with programs to 

provide technical support and be a YDCAM resource, was available to support trainings.  

In addition, program leaders were trained in the use of the apps and the website before 

the SH-1 and SH-2 stages. Despite efforts to prepare program leaders for technology 

integration in their programs, it proved to be a challenging process. The rapid pace of 

emerging technologies for learning will continue to make it difficult for educators to 

teach new technologies, rather as Prensky (2001) recommends, teachers must become 

facilitators because students will always know more about technology. Conversely, 

teachers know the learning objectives that determine why a technology is needed and 

understand how it can be applied. 
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When questioned about what they did like about the technology, all the program 

leaders supported the inclusion of technology in their programs as a way to increase 

technology literacy among their youth participants. One program leader continued by 

saying that “more information access can lead to learning and empowerment in the right 

circumstances.” Another program leader added that a “day-to-day connection” is created 

when youth are interacting with their surroundings. The opportunity for increased 

communication between program leader and the youth participants was an additional 

benefit resulting from pursuing the YDCAM program expressed by the program leaders 

interviewed. For example, program leaders sent youth reminders about activities and 

materials needed for the next day.  Many of the program leaders agreed that they had a 

role to play in teaching youth about responsible use of online tools and information so 

that they would make appropriate choices and know what to do if they came across things 

that were out-of-line. They believed they shared this responsibility with youth care-

givers, parents and school teachers. 

Nonformal education technology barriers and opportunities 

 While studies show that the numbers of youth owning smartphones is on the rise 

(Lenhart 2012), access to these technologies for both school and after school programs is 

limited by the cost and restricted by school policies. Educators are not sure that they want 

the distraction of smart phones and other mobile technologies in the learning 

environment. They may also not be ready to facilitate the use of these technologies in 

activities in and out of classroom.  
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To bring tech-enabled problem-solving into after school programs, apps must be 

intuitive and easily shared with others. Program leaders should not have to teach 

technology to youth who already have some and are continuing to develop their “digital 

native” skills. Identifying and solving problems in the community and the environment 

can be facilitated as youth work through scaffolded steps in collaboration with other 

youth. Awareness, driving question development, data collection and visualization, 

analysis, and presentation can all be guided virtually through applications that are mobile 

and web-based while a youth‟s progress is monitored by the program leader who also 

facilitates by assuring that youth meet required learning objectives.  

Problem-Based Learning with mobile, social and geospatial technologies 

Nonformal education environments that vary in program structure and program 

leader technology comfort, but have a strong youth-driven philosophy and associated 

practices stand to be successful in tech-enabled civic engagement programs. To increase 

the likelihood of success, new learner-centric, constructivist education practices may 

provide the needed support for program leaders to comfortably facilitate the use of 

mobile, social and geospatial technologies in their programs. Scaffolding is one PBL 

technique that, when applied practically, is a virtual structure that youth ascend as they 

work through the problem-solving process.  

All three formative stages encouraged youth to solve a community or 

environmental problem through asset-focused mapping. In all three formative stages, the 

goal was to remove the expert from the program as much as possible. The program 

strived to remove the geospatial, research and technology domain experts from the 
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process and replace them with informal education tools and information. The program 

was not completely successful, yet the positive response of the youth participants was 

clear and their program leaders was clear.    

Empowering youth to create change in their communities and the environment 

while transferring lifelong problem-solving skills through scaffolded levels of instruction 

is directly related to the idea that learner-centered teaching is important for both STEM 

education and learning in general. With the right trigger, the motivation to identify and 

solve a problem can be strong enough for the youth participants to seek out information. 

What they lack going in is there not the knowledge about the problem, but rather an 

understanding of how to ask good questions and how to access, evaluate and synthesize 

information. Given the right guidance, youth can take ownership of the learning and the 

doing processes. 

Youth-driven application development 

Just as civic engagement programs provide youth a voice to express ideas and 

concerns about community and environmental problems, there is a need for youth voices 

at the table for improving informal education opportunities through mobile technologies. 

Following this research study, thirteen youth interns were hired to guide the 

redevelopment of the Akshen apps and website. Using qualitative data from the study, a 

draft app mockup, and the tools and theories of PBL, the interns spent over 1300 hours 

collectively creating youth-inspired, youth-driven app mockups and project examples. 

The interns were not research subjects and were therefore not included in this study, 

rather their contributions to this final phase of the Stealth Health project were planned as 
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a mechanism to improve the apps and educational framework so that the application suite 

could more readily spread and be adopted by other nonformal youth education programs. 

The original apps and website were created to be used within the constraints of a research 

study. Youth provided their ideas of the language, look and feel, flow and function of the 

apps and website. After learning about scaffolding, they designed a system of levels that 

youth could work through to slowly get introduced to the idea of community and 

environmental problems and then they developed a demonstration project that included 

observations, maps and other products. Raising an awareness of potential community and 

environmental problems to be solved was the first level application, and is considered to 

be the initial trigger to the problem-solving process, spurring discussion and the 

formulation of potential driving questions using photos and associated commentary 

collected by end users. Normally in PBL, an ill-formed question created by the teacher-

facilitator triggers the youth to start constructing ideas and questions about a particular 

topic. In Akshen, youth drive the entire process, including the development of driving 

questions. 

As in this formative research study where youth feedback helps to adapt and 

refine the YDCAM process, the Akshen interns provided the time and expertise to 

improve the Akshen apps and website. As learners and citizens, youth are an integral and 

important part of every community and have a vested interest and future in those 

communities. Making sure that their participation in civic engagement, education, and 

technology design is authentic will only improve the community‟s success at youth 

development. 
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What this all means 

While program leaders and educators may understand learning objectives, youth 

should be actively involved in not only doing, but also in the learning itself, with the bare 

minimum of guidance. PBL recommends this, but educators must do the preparatory 

work necessary to ensure a successful trigger and scaffolding so the learners make 

progress. Mobile and online technologies are customizable at a level of accessibility that 

the effective triggers and scaffolding can be created, and more importantly, that youth 

can use and adapt in order to take control over their own learning. As digital natives, 

youth should be given the opportunity to readily acquire the necessary knowledge and 

skills to create their own apps for learning. 

Technology may not just be a distraction or barrier to learning about our 

surrounding environment in the community and out in nature. Rather it may be a tool that 

helps to capture and share ideas about problems that can be solved collaboratively 

through digital communication and geospatial analysis. At the center of the  

Akshen application suite are conceptually simple data collection tools that not only 

support, but actively encourage making and recording observations and measurements, 

one of the fundamentals of STEM learning. Because these applications are location and 

communication-based, they encourage youth to get outside and explore their environment 

and community, encouraging connectedness. While a youth‟s world is limited by the 

distance they can travel without an adult, the community around them and nearby natural 

spaces can provide the places for learning opportunities. Not only do youth need to learn 

more about their surroundings, but the vitality of their communities and the environment 
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within which they live depend on their understanding of what determines community and 

environmental health. Future iterations of the application suite will focus on other 

challenging aspects of research, such as facilitating basic data analysis and visualization, 

making it easier to present results to civic leaders.  

These research results suggest that strategically creating “opportunities to learn” 

much like the chance encounters that can be experienced in children‟s museum exhibits 

can result in learning and civic engagement. Without any directed guidance or even a 

suggested order of exploration, museum visitors are encouraged to follow their own 

senses, instincts and interests – perhaps the best motivators of learning – all explicitly 

designed to help discover the unknown. Though more challenging because the floor plan 

depends on the neighborhood or park or nature trail under investigation, these virtual and 

mobile phone based applications support making the outdoors a virtual museum by 

providing access to potentially linkable opportunities to learn through strategically 

designed tools and informal learning curriculum that one day should be easily acquired, 

assembled and used by both educators and youth alike.  
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APPENDIX A: HUMAN SUBJECTS APPROVAL 

 

This research was conducted under the project Stealth Health: Youth Innovation, 

Mobile Technology, Online Social Networking, and Informal Learning to Promote 

Physical Activity, IRB project number 09-1124-02. Formal approval for the student to 

conduct this research was granted by the principal investigator, Dr. Scott Going, in a 

letter to the Human Subjects Protection Program. The student is included on the 

Verification of Human Subjects Training Form (VOTF) for the project and a copy is 

included in her student file in the Graduate College. 
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APPENDIX B: PROGRAM LEADER INTERVIEW PROTOCOL 

 

 Program Leader Interview on location and communication 

technologies and online collaboration tools    

To inform the thesis of Kristin Wisneski 

Definitions: 

Location and communication technologies (LCT) include GPS receivers and/or watches, 

and GPS-enabled smart phones. 

Online collaborative tools include the Akshen Web and Akshen‟s Map Mashup Maker 

and Google tools such as Maps, Docs, and Sites. These allow youth to work on the same 

problem collaboratively and share their content.  

 

Questions: 

Q1: In agreeing to participate in Stealth Health, what did you hope to achieve in your 

program through the use of location and communication technologies (LCT) and online 

collaborative tools? 

Q2a: In what ways can LCT help in the achievement program goals? Did it in your 

program? 

Q2b: In what ways can online collaborative tools help in the achievement of program 

goals? Did it in your program? 
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               For program leader reference: 

 

Q3: How can Akshen (with its emphasis on mobile and online collaboration) be used to 

encourage youth activism in human health, social health, and/or environmental health 

issues? 

Q4: What could motivate or interest youth in collecting information about their 

surroundings? 

Q5: There are many types of learning some of 

which may be integrated (formally or 

informally) into your program. Among those 

listed below, please indicate the extent to which 

LCT and/or online collaborative tools contribute to learning. Please comment on each if 

you like. 

Type of Learning 1 

(Not at all) 

2 3 

(Somewhat) 

4 5 

(To a great 

extent) 

Informal learning (voluntary, self-

directed) 

 

     

Outdoor learning      

Learning in context (in situ learning)      

Learning anywhere/anytime  

(ubiquitous learning) 

 

     

Other      

Q6: There are many potential skills adopted through the introduction of location and 

communication technologies and online collaboration tools. Among those listed below, 

please indicate the extent to which LCT and/or online collaborative tools contributed to 

skill building. Please comment on each if you like. 
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Type of Skill 1 

(Not at all) 

2 3 

(Somewhat) 

4 5 

(To a great 

extent) 

Critical Thinking 

 

     

Collaboration      

Creativity 

 

     

Information, Media and Technology 

Literacy 

     

Life and Career Skills      

Other Skills      

Comments:  

Q7: In addition to your primary learning goals, your program has the potential to increase 

youth interest and attitudes towards: participation, youth empowerment, civic 

engagement and STEM. 

Please rate the contribution of LCT and/or online collaborative tools to each of these and 

comment. 

Secondary Learning 

Goals 

1 

(Not at all) 

2 3 

(Somewhat) 

4 5 

(To a great 

extent) 

Participation 

 

     

Youth Empowerment      

Civic Engagement      

STEM 

 

     

Other      
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Comments:  

Q8: Do you find that these technologies encourage program member activity outside the 

structured hours/meeting space of the program? 

Q9. Do you find that these technologies contribute to helping youth conduct research or 

pursue problem solving by asking good questions and coming up with ways to create 

solutions?  

Q10: What are the external challenges experienced by your program when integrating 

location and communication technologies (i.e. planning support, technology training, 

technology failure, role confusion, responsibility confusion, etc..)? 

Q11: What are the internal program challenges potentially experienced when planning 

and running a program integrating location and communication technologies (i.e. 

recruitment, age of participants and range, participation rates, etc..)? 
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APPENDIX C: PROGRAM LEADER INTERVIEW CODED RESPONSES 

 

Interview Transcription Themes & Notes 

Kristin D. Wisneski – May 2011 – Stealth Health/Akshen Project  

 

Introduction:  

Six out of seven program leaders participating in the Stealth Health program were 

interviewed using a semi-structured style and set of questions. Each interview lasted from 

1 to 2 hours and was conducted either at the University of Arizona or at the program 

location. All program leader participants were consented using IRB approved forms. 

These forms are filed in the Gittings building at the University of Arizona with other 

Stealth Health documentation.  

Three out of six interview recordings were fully transcribed. Careful review of these three 

transcriptions provided clear themes throughout each interview. These themes are listed 

below. The last three interview recordings were listened to for the same themes and notes 

were taken under the appropriate theme. This document provides the notes drawn from 

the transcriptions and reviewed recordings from all six interviews. 

Themes: RESEARCH, COMMUNICATION, CONTENT INTERACTION, SUPPORT, 

TECHNOLOGY ROLES, LEARNING, EMPOWERMENT, LOGISTICS, 

PARTICIPATION, WEBSITE, APPLICATIONS (APPS) 

 

 

 

RESEARCH 

- All in one tool (2 groups) 
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- Tool with a purpose 

- Addressing the “so what” 

- Data is digital so the youth can do something with it quicker 

- GeoKnect is a research tool, if used and project completed 

- Program [project] visioning very helpful  

o Should first learn apps really really well  

o Youth input important for the “buy-in”  

- Youth don‟t necessary think of tools and project as “research”  

- Citizen science programs could really benefit from a tool like this  

o Connection to something outside and real  

 

COMMUNICATION 

- w/ youth in general 

o texting, posting to MySpace and Facebook 

o still talking about the same things 

- w/ other youth in group 

o virtual group brainstorming  

- w/ program leaders 

o send/receive texts for prep for next day or asking questions ahead of time 

or on the spot 

o used texting before SH, but now that all kids have phones they can be 

contacted via text  

- w/ family 

o informing them of activities being conducted 

- w/ other youth in Tucson 

o “web of community action” 

o Peer to peer presentations 

o Some youth hesitant b/c they have learned to be responsible on social 

networks (i.e. don‟t friend people they don‟t know) 

o About the natural things they find in their schoolyard, their city, out in 

nature 

- w/ community members 

- w/ youth from program leaders 

o about location-based science  using tools for teaching kids about science 

 A Field Guide to Your SchoolYard curriculum from previous 

school using digital cameras….Akshen would add „location‟ 

element 

 

CONTENT INTERACTION 

- Sharing content 

- Difficult to find one person‟s content or small group content 

- No notification of comments made (need instant feedback) 

- Kids “like to have control over how much [information] they are receiving” 
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o …and how (e.g. through email, text message, or automatic push 

notification) 

- By posting pictures of their food and seeing others post they are encouraged to be 

more healthy  

- Google Maps offers a lot of opportunities for interacting with maps in exciting 

ways like creating tours and it‟s easy for kids to create in that space  

- Kids from different backgrounds need to interacting in the same space, both 

physically and virtually  

 

SUPPORT (TECHNICAL/PROJECT) 

- Less support provided for phones than for GTK projects‟ 

- With GTK projects staff provided support for creating products (maps) 

- Need troubleshooting database for youth and youth mentors 

- Great support from Connectors  

o Especially with GeoKnect 

o Because of extra help they gave the program leader is more prepared  

- Program wasn‟t ready for prime time, so a lot of support needed  

 

TECHNOLOGY ROLES 

- Research tool 

- Distraction 

o Creating program leader frustration 

o “Over the top glamorous” 

o Too many apps 

o Gotten completely sucked in to cool phone, but not the Akshen apps  

 Is it possible to give them a mobile device with just the Akshen 

apps?  

- Learning enhancement tool 

- Learning barrier 

- Data collection 

o Tool to do something we do naturally (observe & reflect) 

o Interpret data and make real world conclusions  

- Diverse activity opportunity 

- Motivator for physical activity   

o Activity is recorded, kids need to be accountable to what they need to 

achieve  

o “Technology affords them the ability to be accountable”  

o Gives teacher „baseline‟ and something to work with  

o Kids sometimes don‟t understand why they aren‟t getting as much PA 

o Having music available while doing their PA warmup  

 Kids love music while exercising 

- Enhancing physical activity program  

- Increase nutritional knowledge through messages sent  

- Food diary 
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o Be great if kids could keep track of calories and what is their daily 

recommendation  to understand what foods will keep them fed throughout 

the whole day and stay within the limits of the recommendation 

- Physical activity recorder/diary 

o Take pictures of what their teams were doing for warm-ups  

o Start to understand how much rest they are getting in their lives  which is a 

lot, a large percentage of their time, their definition of “active” is not 

sleeping or not laying on the couch, everything else is pretty hazy/vague 

 Need to understand no activity, low, medium and high levels of 

physical activity and the need for each  

- Barcoding foods 

- Using tools must have a purpose  

- Opportunity to explore technology – like creating their own apps like Google App 

Inventor 

- Frustration 

o Things/apps don‟t always work  

- Responsibility promotion – here‟s a tool that you need to take care of  

- Cutting-edge learning that even they‟re parents don‟t know  

- Innovation tool  

o Let kids figure out what this tool can do for them  

- Supports reading and writing skills 

o Being able to tell a story  (example: going on a trip and telling a story 

about it, first GeoSnap Tell assignment to say what they expected to 

happen on trip, then during make posts (Show & Tell), and at end Tell 

what they thought about the experience) 

- Supports design 

o Example: Designing an indoor/outdoor fitness center  

 

LEARNING 

- More information access that can lead to learning & empowerment in right 

circumstances 

o Kids who have natural curiosity will use tools in informal education way  

- Need foundational learning (on mapping, data collection, low tech options) before 

jumping into high tech phone version 

- Need to tease out skills – be clear about what skills are being learned 

- Theoretical and hands-on learning together 

- Increasing technically-focused language (new terminology) 

- Needs to be focused 

- Messages sent make the youth think more about their choices  

o Great way to get education out there, but whether they read it I don‟t know  

- Learning about taking photos and making maps is not too foreign for the kids, but 

they focus on the things that they‟re interested in (e.g. music, cool apps, games)  

- Learning new things can be scary, so they will push it away if they don‟t 

understand it  
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- Science is better off when you can connect with the real world (like learning 

about the plants and animals of the desert)  Powerful tool for science without 

knowing they are doing science 

o What do animals have to do to survive here? 

o What types of adaptations do they have? 

o Where are the trees in Tucson? 

o What types of cactus grow in the median opposed to in a bigger area? 

- Field guides are a pain to lug around, but you can take a picture and then come 

back and look it up  

- Day-to-day connection created (learning in context)– I know what this is and I 

recognize it – more personally connected to it if you have some knowledge about 

it, its habitat, its behaviors  

- Place-based learning missing from education – using maps – answering the 

“where” question  expand worldview and what‟s in the world – becoming a 

citizen of the world by getting kids into the power of maps “everything can be put 

on a map”  

o For a lot of people, their day-to-day takes place in a very small area that is 

all people know about and think that they want to know about…maps can 

expand that 

o Maps are so easy to create now (doing tours in Google Maps) kids can do 

this stuff so easily…we should leverage that in every subject….help 

people expand their horizons 

- Need to be teaching youth about responsible use of online tools and 

information…making appropriate choices, what do you do if you come across 

things that are out-of-line  

- Incorporating social learning techniques –cooperative-based work experiences  

- Integrating STEM has huge potential…integrating all the pieces is what‟s 

challenging  

- Needs to be connected to other learning going on in classroom  

- Learning to be adaptable and flexible…taking something new and integrating into 

something you want to do  

o Pace of things changing is rapid…no way for teacher‟s to predict what 

kids will need to know to get jobs in future…must be able to adapt, 

innovate….being tech savvy  Skill of „I‟m just going to mess around with 

this and see what it can do‟ Then a teacher has prepared them for the 

world 

o “Do you know how to pull together information?” They won‟t remember 

facts, but skills are what‟s important 

- A lot of information to go over for 6
th

 graders…a lot of repetition needed  

- All nutritional messages being sent out to 6
th

 grade teachers to post in classes and 

in seminar bring up facts in discussion  encourage communication among kids 

about nutrition 

 

EMPOWERMENT 
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- Need (tangible) products – proof of work done 

- Payment for work done – through validation of skills and/or status 

- Joining together through common interests 

- Access to technology increased 

- Process needs to be a facilitated experience 

o You can‟t give youth tech and they will be empowered automatically 

- Kids who are more tech savvy can move up into leadership positions 

- Documenting good works done in the community to share with other youth  

o Could be viral and spread when the kids share  

- Peer leadership can happen through technology, posting stuff  

- Good to show positive stuff, because all you see on TV is the negative stuff teens 

are up to  

- Kids share their unique skills and interests (e.g. local, native knowledge from 

family on local plants)  

- Linking kids to community-based problems and projects  

o Otherwise kids live these problems everyday, maybe becoming immune  

- Creating an online self that represents what you want other people to see  

o “Googlability” – the way you want to present yourself to the world 

- Working together in a collaborative way – see the value in someone that they 

haven‟t previously seen the value in because of common interest  

- “Using data to make their case … gives them a foot in the adult world”  

o Gather information that will help make people take them seriously 

o “Gives their voice more power”  

- Closing the “digital divide” between economic levels by providing access to 

technology (like GPS) and information …using maps to learn things, map your 

piece of the world and connect to people around the world that have done 

something similar 

o Much more related to things you would do in real world because it uses all 

different skills  

- Kids need the freedom to be able to set their own boundaries, make their own 

rules, and do want they want to do  using the tools that make sense to them 

 

LOGISTICS 

- Sufficient time needed to complete program/project 

- Tech promotes efficient use of time 

- Incorporate Stealth Health into our program  

- Felt like a pilot program  

o Would like to see more of a program with set goals/objectives for kids  

o With no more changes to websites and apps  

 

PARTICIPATION 

- Tech serves needed instant gratification 

- Increases because phone is a take-home tool 
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- Influenced by attitude/past experiences in projects 

- Younger youth (12-13 yrs old) lack identity/experience with committing to a 

project 

- Youth don‟t own the phones – effects participation 

o But if it‟s their only phone they are more likely to use it 

- Phones/internet not working is a barrier 

- Don‟t want to overburden kids that might be getting burnt out 

- School settings, summer programs offer more consistency (meet more frequently) 

- Sometimes phones were forgotten at home or not charged 

- Youth need a reason to be using tools 

- Price of phone and data plan is a big barrier long-term 

- Secondary result of more youth using gym after SH participation  

- Some influenced by competitiveness (against eachother and other groups)  

o Looking at supercharger list at start of meetings  

- Program leader provided rewards increased interest in gaining points  

- Youth supposed to map healthy places to eat, but only one youth completed 

assignment  

- Restricted from using phones when at school  

- Some youth don‟t participate as much as others, some may forget or get too busy  

- Food, gift cards, little stuff as incentives for participation  

- Kids who are not as active (in sports, school council, etc) have an opportunity to 

be active with apps and website  

- Recruited new participant for regular program because of interest in Stealth 

Health and phone  

- Easier to work with youth (with a new tool) on a daily basis to allow for check-ins  

o Only meeting once a week is difficult and frustrating  

- Biggest challenge is follow-through   

o Also difficult for program leader to stay consistently connected to program 

and website  

- Having a contest for the kids to get involved with that encouraged them to keep 

track of their food intake (compared to recommended daily limits) would be great 

and very useful  

- Tools must work first  

- Goal is to influence participation outside the normal hours of the program  change 

behavior 

 

WEBSITE 

- Needs to be more mobile 

- Harder to use than phones 

- Program leader section was introduced later in first round, very useful 

- Youth not on website very much  

- Looking at website in meetings gets youth in program not in SH excited about 

participating  
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- Program leader goes on daily to check on activity  

- Creating an authentic task when you can share activity with larger world  

o Outside people will download your map and go and see what you see  

o Not just for school  

- If there was a way to connect Akshen Web to MySpace or Facebook, that might 

be a potential motivator   

- Must be a closed community to have schools and youth groups to participate  

o A teacher could never encourage use of Facebook and/or MySpace 

o Even though having a closed community is limiting  

- Think.com by Oracle was a closed, collaborative community that allowed kids to 

interact with people all over the world through shared project pages morphed into 

Thinkfinity projects… 

 

APPLICATIONS (APPS) 

- GeoKnect 

o Bring up KML content of others in GeoKnect (two directions for data like 

“Ask” in GeoSnap) 

o Tracking function stops working if you put in your pocket, would be nice 

if it ran in the background 

o Activity combining Barcode Scanner and GeoKnect created – QRcodes 

that provided clues, youth had to answer by taking a point with GeoKnect 

and entering answer in the attributes before uploading to the Akshen Web 

o Challenged by it sometimes not working – youth get discouraged 

 Specifically the youth were out of range for data upload…later 

found out that data could be uploaded later on 

 Mapping takes longer, so it is not as popular 

 Program leader challenged by GeoKnect may influence youth use 

of app 

o Ideas to use in ethnobotany elective – joining plant knowledge with local 

native knowledge 

- GeoSnap 

o Like to take photos  

o Like to talk and share things about their lives  

o Also like to post their activities or what they‟re doing  

- Akshen apps in general 

o Need followup materials for repetition after training  

o Multiple revisiting of activities and assignments ..meeting infrequently 

made this hard…no time to practice and/or review training or content 

created 

o At first, had to download several times before it worked 

o Changed website so many times…caused a lot of frustration with PLs and 

kids 

 Almost wanted to drop from program  

- Other apps 
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o No GPS Mission for Android 

o Spec Trek was fun 

o Home Invasion worked too 

o Difficult finding relevant, fun apps in marketplace 

o Sound upload – new feature, sounds interesting, youth would probably 

like  

o Boys play a lot of games on the phone, not sure about girls  
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APPENDIX D: STAGE 0-GE OBSERVATIONS & PRODUCTS 

 

 
Figure 27. Final map product showing urban greenspace baseline data collected. 
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Figure 28. Final map product showing data collected in effort to identify location for 

a new youth center. 
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Figure 29. Final map product showing data collected in effort to define 

potential uses for ranch land. 

 

 
Figure 30. Final map product showing spatial analysis results to 

understand disparities in juvenile justice system. 
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APPENDIX E: STAGE 0-GE YOUTH-CREATED COMMUNITY SURVEYS 

 

 

 Youth Survey #1: February 2008 

1. RANK THE FOLLOWING LOCATIONS IN ORDER OF PREFRENCE FOR A 

YOUTH CENTER. 

____Near Recreation Center 

____Near Wal-Mart 

____Downtown 

____Near Border 

____Between A Ave and Airport Park 

____Between F Ave and A Ave 

 

2.HOW WOULD YOU GET THERE? 

 

 

3.WHAT DAYS WOULD YOU COME? (Circle one) 

-Mon-Thurs 

-Fri-Sun 

-Both 

 

4.WHAT HOURS WOULD YOU COME? 

 

 

5.WHAT WOULD YOU LIKE TO DO THERE? (Circle one) 

-Sports 

-Study 
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-Games 

-Food 

-Hang Out 

-Movies 

-Music(concerts) 

- Computers/technology 

-Arcade 

-Dance 

-TV 

-Other_________ 

 

6. WOULD YOU VOLUNTEER AT THE CENTER? (Circle one) 

Yes/ No 

 

7. IF YES WHAT WOULD YOU BE INTERESTED IN VOLUNTEERING? (Circle all 

that apply) 

-Tutor 

- Clean 

 

8.WOULD YOU TAKE ADVANTAGE OF TUTORING? (Circle one) 

Yes/ No 

  

9. IF THE LIBRARY PROVIDED ADDITIONAL SPACE WHAT SERVICES 

WOULD BE INTERESTED TO YOU? (Circle all the apply) 

- Internet learning tools 

- Tutoring space 

- Movie night  
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-Effective use of library 

 

 

10. HOW IMPORTANT IS A YOUTH CENTER TO YOU? 

NO PERSONAL INFORMATION IS KEPT. IT WILL BE PRESENTED IN 

AGREGATE FORM. 

 

Youth Survey #2: April 2008 

 

This is a survey to address the problem of Transportation. Please fill this out honestly 

and to the best of your ability.  Your response will be anonymous and used for data 

purposes only.  Thank you for your time in filling out this survey!  

This Survey is brought to you by: A youth-led organization created to empower youth and 

service the community.  

Please Circle Your Answer 

1. Please describe yourself:  

A) > 30 years old         

B) 20 - 29 years old           

C) 12 - 19 years old         

D) 11 or younger 

 

2. Does the current transportation system meet your needs and those of your family?  

A) Strongly agree   B) Agree   C) Disagree   D) Strongly 

disagree 

 

3. How often do you use the bus? 

A) Daily 

B) Once or twice a week 

C) Once or twice a month 
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D) Rarely 

E) Never 

 

4. How important is the bus for your family? 

A) Essential 

B) Very important 

C) Moderately important 

D) Not important 

 

5. On the next page you will find a map broken up into zones. Which section of the 

Reservation do you live in? 

 1  2  3  4  5 Not 

Represented 

 

6. How long does it take you to go from your location to the bus stop? 

A) 0-5 minutes 

B) 5-10 minutes 

C) 10-15 minutes 

D) 15-20 minutes 

E) 20 + minutes 

 

7. How important to your family would an additional bus stop be? 

A) Essential  B) Very important  C) Moderately important  D) Not important 

 

8. If you could recommend the BEST location for an additional bus stop, where would it 

be? (Please also mark on the map with an "X" the specific place where you would prefer 

the bus stop to be.)  
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APPENDIX F: STAGE 1-SH OBSERVATIONS & PRODUCTS 

 

 

 
Figure 31. Art-related youth observation collected with smartphone camera. 

 

 
Figure 32. History-related youth observation collected with smartphone camera. 
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Figure 33. Food-related youth observation collected with smartphone camera. 

 

 
Figure 34. Nature-related youth observation collected with smartphone camera. 
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Figure 35. Map product. Attributes include text "Youth-friendly=No, Notes=bus stop" 

 

 
Figure 36. Map product. Attributes include text "Youth-friendly=yes, Notes=I saw 

something run into the hole here!" 
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Figure 37. Map product showing the locations walked and marked by the participant. 
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APPENDIX G: STAGE 2-SH OBSERVATIONS & PRODUCTS 

 

 
Figure 38. Food-related observation #1 captured with GeoSnap app. 

 
Figure 39. Food-related observation #2 captured with GeoSnap app. 



134 

 

 

 
Figure 40. Volunteer service opportunity observation location 

marked with GeoKnect app. 

 
Figure 41. QR code activity captured with GeoKnect app. 
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Figure 42. Notes (microblog) entries #1 created with GeoSnap app. 

 

 
Figure 43. Notes (microblog) entries #2 created with GeoSnap app. 
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Figure 44. Map product #1 created with Map Mashup 

Maker showing healthy food locations near the downtown 

area. 

 
Figure 45. Map product #2 created with Map Mashup 

Maker showing locations for youth services. 
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APPENDIX H: AKSHEN APPLICATION SUITE COMPONENTS 

 

 

 
Figure 46. GeoKnect smartphone application. 

 
Figure 47. GeoSnap smartphone application. 
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Figure 48. Akshen Web sign-in page. 

 
Figure 49. Akshen Web create content page. 
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