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Abstract: This paper presents a cross-platform, map-based software application, called 
Cyberscavenger, that has been developed as part of the Cyberinfrastructure for Quality 
Understanding and Engagement for Students and Teachers (CyberQUEST) project. The 
application allows teachers to set location specific learning goals and challenge their 
students to first research and identify specific evidence related to learning goals and then 
collaboratively create a map-based digital portfolio using the application. The conception 
of the application idea was first inspired by teacher concerns about their student’s lack of 
focus during field trips. The application has been expanded to support teaching and 
learning related to “virtual” field trips. The paper also discusses the dissemination of the 
application to teachers and the adoption of Cyberscavenger in middle school classrooms. 

 
 
 
Introduction 
 

Cyberinfrastructure (CI) has been recognized by the Science, Technology, Engineering, and Mathematics 
(STEM) community as having significant potential to radically influence educational practice (CRA 2005). Students’ 
best chance for CI experiences comes from CI-infused classroom activities designed by CI-savvy teachers. Many 
students from groups traditionally underrepresented in STEM cannot turn to their families for advice on the use of 
emerging technology (CAWMSET 2000). Often they are unaware of or can’t afford innovative afterschool and 
summer programs (Margolis, Estrella, Goode, Holme, & Nao 2008). In addition, students from these groups often do 
not self-identify as candidates for extracurricular STEM activities. Therefore, classrooms are the best place to reach 
all students with diverse backgrounds and interest (Ouyang, Wolz, & Rogers 2010) to promote and create awareness 
for STEM careers. However, teachers’ who lack confidence and knowledge about technology can have a negative 
impact on students’ choices and interest in technology and related careers (CRA 2007, Darling-Hammond 2001). The 
CyberQUEST (Cyberinfrastructure for Quality Understanding and Engagement for Students and Teachers) project is 
a multi-year intervention funded by the National Science Foundation for broadening participation in CI activities 
through professional development for over 200 middle school science teachers who in turn brought innovative CI-
enabled geosciences learning experiences for over 10,000 middle school students from schools with high percentages 
of traditionally underrepresented populations in STEM fields. Partners of the project include a diverse group of people 
and organizations (e.g., educational specialists, CI experts, geoscientists, park rangers and teachers), informing project 
activities from an appropriate interdisciplinary knowledge base.  

 
There are six main components of the CyberQUEST project shown in Figure 1. During its first two years of 

the implementation, the CyberQUEST project engaged a cohort of 16 Project Teachers through professional 
development that includes week-long summer academies, collaborative lesson study rotations, on-going mentoring 
and classroom support. Through the rigorous collaborative lesson study rotations, the project produced an innovative 



 

 

CI-enhanced geosciences curriculum for middle school. The curriculum units are referred to as TechQuest Lessons 
as they provide technology (Tech) supported inquiries and investigations of concepts (Quest). Starting in its third year, 
the CyberQUEST project partnered with education leaders within California (Riverside, Los Angeles and Palm 
Springs) as well as across the country (Arizona and New York) to disseminate TechQuest Lessons through all-day 
workshops presented by lead Project Teachers. In addition, the project leadership also worked with education, 
geosciences and computing experts to develop resources that leverage existing CI-investments and provide customized 
access to CI-tools for TechQuest Lessons. Cyberscavenger is one of the tools resulted from such collaboration.   

 

 

Figure 1 Overview of Main Project Components 

    
The Application 
 
 The concept of Cyberscavenger was first inspired by teacher concerns about student learning during fieldtrips. 
Much efforts had gone into fieldtrip planning by teachers in hopes to engage students in witnessing first-hand evidence 
presented by the real-life environment beyond classroom walls. Yet it is not uncommon for students to get distracted 
by factors and events irrelevant to the main learning goals of the trip. The CyberQUEST leadership team designed 
field trips for project teachers during its 2012 summer academy where digital cameras, GPS units, and Google Earth 
were integrated to enhance the learning experience for fieldtrip participants. Prior to a field trip, project teachers were 
engaged in discussions related to specific learning goals for the field trip. They also learned about how GPS units 
work. The field trip was turned into a scavenger hunt where teachers searched for and captured evidence presented by 
the environment with digital cameras while recording related GPS locations and notes. Figure 2 shows teachers during 
their fieldtrips to Whitewater Preserve (left) and Mt. San Jacinto State Park (right) where the learning goals were 
erosion and plate tectonics respectively. Upon return from the field trip, teachers reviewed photos and notes while 
using Google Earth and recorded GPS locations to remind them about the context of their captured evidence. They 
then received help from the CyberQUEST leadership on using Google Map and Google Earth to create digital 
portfolios of captured evidence. Upon completion of the learning units, teachers were asked to provide feedback about 
the process. They rated most of the activities high, including both the pre- and post-fieldtrip discussions, focused 
learning goals, use of digital cameras and GPS units during the fieldtrip, and the collaborative nature of digital 
portfolios. However, teachers raised concerns about the learning curve as well as limitations associated with the use 
of Google Earth and Google Map to generate and share digital portfolios. 



 

 

 
Figure 2 CyberQUEST Teachers Engaged in Scavenger Hunt for Evidence during Field Trips 

The design of Cyberscavenger addresses the concerns teachers have regarding the use of Google Earth and 
Google Map to create and share fieldtrip related digital portfolios: (a) overwhelming options, (b) difficult to 
collaborate, and (c) difficult to share. 

 
As general purpose tools, both Google Earth and Google Map provide many options. Many teachers have 

not used either tool or have used very limited features of these tools. There is a learning curve teachers have to 
overcome before feeling comfortable using either tool to create digital portfolios. It is even more difficult for teachers 
to explain what students should do for a class project. The following screenshots illustrate a simple interface for 
teachers to set up a field trip in Cyberscavenger. As shown in Figure 3, Cyberscavenger allows teachers to search for 
an address or enter geo-coordinates of a location within or near the field trip destination. They can then zoom in closer 
and drag the four corners of the rectangle to precisely mark the boundaries of the field trip location. 

 

 
Figure 3 Mark Field Trip Boundary 

Once the field trip boundaries are marked, teachers are then prompted to provide more information about the 
field trip as shown in Figure 4. The application encourages students to collaborate on creating a class project to reflect 
their field trip experience. Therefore, each class shares a common user name and password. The three questions in the 
last section allow teachers to communicate the main focus of the field trip to their students. 

 



 

 

 
Figure 4 Provide Field Trip Information 

In Google Earth, users can create place marks and organize them into tours. However, since Google Earth is 
a desktop-based application, it is difficult for students to collaborate on the same tour at the same time. Students will 
have to create their work separately and send the related files to a central place for additional organization, typically 
by combining place marks via copy/paste. Google Map supports collaboration among students if they have Google 
accounts. However, children in middle school and earlier are not old enough to apply for their own Google accounts. 
They rely on their parents or schools to acquire such accounts. On the other hand, managing student Google accounts 
requires additional work for teachers. The Cyberscavenger application allows teachers to create one shared account 
for each field trip, reducing the administrative effort from teachers in managing student collaboration. Each partner of 
the project can independently submit their evidence and move the place marker for their evidence to the exact geo-
location within the field trip boundaries using the interface shown in Figure 5 (left). For each piece of evidence, 
students are prompted to answer questions designed by their teachers to probe for deeper thinking. The application 
also allows students to collaborate and edit responses as shown in Figure 5 (right).  

 

        
Figure 5 Student Interface for Collaboration 



 

 

Since Google Earth tours are saved in KML/KMZ files, sharing of class projects beyond the classroom will 
require teachers to have administrative access to a web container where they can upload and organize the files. Sharing 
class projects created in Google My Maps is relatively easier, however, it still requires teachers to monitor and promote 
the link each time a new project is ready. In addition, neither tool provides an easy way for teachers and students to 
see what other classes have done with similar projects. They will need to perform a Google search or rely on other 
search engines. The Cyberscavenger application provides a keyword search feature for students and teachers to search 
for related projects (Figure 6, left). In addition, teachers and students can also search for projects by moving to areas 
of their interest on the map. For example, the shaded rectangles shown in the following screenshot (Figure 6, right) 
reflects four class projects. Clicking on one of the projects turns the shaded box yellow and reveals the place marks 
created by students.   

     
Figure 6 Sharing Class Projects Made Easy 

Selecting a place mark will connect visitors in order to view evidence submitted by students. Figure 7 shows 
evidence of human impact on Santee River, submitted by students in a 6th grade class. Prior to a class field trip to the 
river, the teacher engaged students in discussions on human impact and how to look for evidence of human impact. 
During the field trip, students took photos along with notes about the environment. A student team submitted this 
evidence, carefully selected the photo from many they took during the field trip, and provided thoughtful responses to 
questions. In addition, the application allows them to creatively come up with a multiple choice question to test their 
friends’ knowledge on human impact.  



 

 

 
Figure 7 Sample Evidence Submitted by Students 

Findings 

In 2015, the CyberQUEST project provided professional development for close to 150 middle school science 
teachers through five sets of dissemination workshops in three states: California, Arizona, and New York. The day-
long workshops were organized to share TechQuest lessons that were designed, field-tested, and refined by the 
CyberQUEST Project Teachers through the Collaborative Lesson Study process. All workshop related resources and 
materials have been posted on the CyberQUEST website as well as organized on a thumb-drive that was given to the 
participants at the beginning of each workshop. In addition, paper copies of selected handouts were distributed during 
the workshop to make it easier for the teacher participants to follow along. An End-of-the-Day survey was created in 
Survey Monkey to collect participant feedback after each workshop. Table 1 summarizes the dates of the workshops 
as well as the number of teachers attending. Table 2 shows the grade levels the participants marked, some teachers 
taught more than one grade level.  

Table 1 Workshop locations, dates, and attendance 

City Phoenix, AZ New York, NY San Marcos, CA Riverside, CA New York, NY 
Date Feb. 28 Apr. 11 Oct. 3 Oct. 28 Nov. 14 

# of Teachers 48 34 26 15 24 

Table 2 Grade Levels Taught by Participating Teachers 

Grade Level 5th 6th 7th 8th 

# of Teachers 6 65 60 57 

In alignment with the project goal of improving exposure to Cyberinfrastructure-enhanced learning for 
students from underrepresented minority groups, the project recruitment of workshop teachers targeted schools serving 
high populations of such groups. As shown in Figure 2, over half of the teachers indicated that their student populations 
contain over 41% of under-represented minorities.  



 

 

 
Figure 8 Percentage of Under-served Minorities in Class 

The survey also asked teachers about the likelihood of adopting the TechQuest lessons in their own 
classrooms. As shown in Figure 8, it is clear that teachers were impressed with all of the TechQuest lessons. The 
Cyberscavenger lesson received the highest level of interest, with less than 5% of workshop participants indicating 
unlikely to adopt.   

 
Figure 9 Teacher Interest in Adopting TechQuest Lessons 

 



 

 

Conclusions 
 

The Cyberscavenger application helps improve student learning during field trips by keeping students 
accountable for exploring and capturing evidence presented by the outdoor learning environment to address specific 
subject content selected by the teacher. The application provides important features that go beyond what is offered in 
current tools available online such as Google Earth and Google Map. Use of Cyberscavenger has provided customized 
opportunities for teachers in grades 5-8 to expand field trips into classroom projects that engage students in sharing 
through a collaborative environment. Evidence indicates that teachers who have learned about the application during 
professional development opportunities are eager to bring Cyberscavenger back to their classrooms. Although the 
application was originally created for science teachers in the CyberQUEST project, it has now been adopted by 
teachers of other subject areas. For example, a fifth grade teacher used Cyberscavenger to engage her students in a 
mission trail field trip to find evidence of how the original settlers found way to survive in the area. The CyberQUEST 
project will continue to work with teachers in solicit feedback regarding the usability of the interface as well as to 
consider adding features to provide better support. In addition, the project is working on making the user interface 
more adaptive for mobile devices.  
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