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Abstract
Community mapping is a spatial discovery process to research authentic local issues by
members from that area. Ideally, community mapping involves using Geographic
Information Systems (GIS) and Global Positioning Systems (GPS) to create and analyze
digital thematic maps so that questions centered on critical community issues are better
addressed and understood. From middle and high schools to colleges and universities,
community mapping has been adopted nationally as an effective educational vehicle to
create learning experiences that become an extension of the lives of students and the
communities in which they live. This project aims to demonstrate the technical and
pedagogical uses of wireless technologies for real time community mapping by
experimenting with and comparing two innovative methods based upon state of the art
technologies. The first approach is to use a wireless PDA in connection with a regular
GPS. The second approach is to use a wireless laptop combined with a handheld Windows
CE GPS device. The study will provide foundations to the future integration and
implementation of wireless broadband, GIS, and GPS technologies for real time community
mapping within the context of curriculum design and student learning outcomes.

INTRODUCTION
Community mapping is a spatial discovery process to research authentic local issues by
members from that area (ESRI 2004; Merrick 2001; Napp and Smith 2001; Dillon and
Lemar 2000). Ideally, community mapping involves using Geographic Information
Systems (GIS) and Global Positioning Systems (GPS) to create and analyze digital thematic
maps so that questions centered on critical community issues are better addressed and
understood. Nationally, community mapping is a fast growing phenomenon evolving from
many different organizations, ranging from federal, state and local governments, private
industries, to universities and K-12 schools. See e.g. Craig et al. (2002); English and
Feaster (2003); The Orton Family Foundation (2003). At California State University
Monterey Bay (CSUMB), community mapping has been embedded into a few so-called
“service learning” courses, which require students to engage in community based learning
and service projects.

There are several reasons that make community mapping both a popular concept and an
effective teaching and learning vehicle. First, both as citizens and as participants in the
labor force, college and university graduates are confronting issues and problems that
require geographic knowledge and spatial perspectives -- ranging from environmental
degradation, traffic congestion, housing shortage, to local impacts of global economic
changes. Community mapping fulfills the needs of geographic education by teaching
students perspectives that go beyond a concern with “where things are”, providing
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discussion and training of geographic information science concepts and analytical skills in
familiar settings. Second, as the society transforms from the Industrial Age to the
Ecological Age, students, as future leaders of our community, must understand, contribute
to and create new forms through which society can make its adjustments from the
consumptive and centralized practices of the Industrial Age to the resilient and sustainable
processes of the Ecological Age. And one perfect choice of the new forms is GIS mapping -
- the combination of real world investigation and the cognitive power of interactive
visualization. Third, the rapid development and integration of technologies in GIS, GPS,
wireless broadband, and World Wide Web have made it possible to practice community
mapping with ease and excitement.

It is against the above background that this project is carried out. Our goal is to add real
time capabilities to community mapping process by integrating wireless broadband
technology with Geographic Information Systems (GIS) and Global Positioning Systems
(GPS). We would like to experiment and compare two innovative methods based upon the
state of the art technologies. The first way is to use a wireless PDA in connection with a
regular GPS. We call it wireless PDA-based approach. The second way is to use a wireless
laptop computer combined with a handheld Windows CE GPS device. We call it wireless
laptop-based approach. These two approaches are one step further from the normal practice
of community mapping, which consists of three separated stages -- data inquiry,
information management, and map publication. The major improvement lies in the use of
the wireless technology to ease data transfer and post-processing in the fields and to allow
“live” map publication and instant public access to newly acquired spatial information.

The following two aspects are the focuses of our study:

1. Pedagogical aspects. It has long been recognized that learning is most effective when
students are actively engaged in the creation of knowledge (Malone et al., 2002; White
and Simms 1993). For this project, we would like to find out how wireless based
GIS/GPS technologies can help to facilitate outcomes based pedagogy and to enhance
student learning. Some related questions are:

a. Will the proposed approaches deepen students’ understanding of critical
community issues as well as the concepts of geographic information science?

b. Will students be able to develop better skills of geographic inquiry and analysis?
c. What are the major barriers and obstacles for becoming competent users of these

new technologies?
d. Can we replicate and scale up the community mapping process in larger classes?
e. How can we improve the approaches in the future?

2. Technical aspects. Much of our effort will also be devoted to assessing the key roles of
wireless/GIS/GPS technologies.

a. Effectiveness. Do these two approaches provide fast and reliable data transfers?
Does the performance change with weather and indoor/outdoor locations? How
do they compare to each other? How do they compare to the traditional approach
of community mapping? Is the improvement significant enough to justify the
higher costs?

b. Convenience. For each method, how easy is it to set up and run the GIS/GPS
hardware and software? How portable are they? Is there a tradeoff between
mobility and performance?
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c. Support. For each method, what kinds of technology support (including training)
are available to faculty and students? On average, how long do we have to wait
for the tech help from vendors or from campus IT staffs? When problems occur
in the fields, is it possible to place phone calls to a technician? Is the cost of tech
support tied to the number of users?

d. Cost. Affordability is always an important factor when it comes to adoption of
new technologies. Given the hardware and software needs, we need to figure out
how much each method will cost and whether it is practical to scale up the
approaches to larger classes.

METHODS
Methodologically, the community mapping process includes three major steps:

Step 1. Community Awareness and Research. This step serves as the design phase for the
community mapping project. Students start by developing a mental map of their
neighborhood or community. They investigate how the community has changed through
time and learn about current issues from their own perspectives as well as by interviewing
community members. Then each group develops a hypothesis related to a key issue. The
key issue must lend itself to GIS mapping and analysis (for example, campus housing
needs, parking space analysis, water quality assessment, accessibility to disabled students,
etc). Students must carefully examine the spatial implications, field data needs, and
expected analytical outcomes and summarize them in a project proposal.

Step 2. Community Discovery and Exploration. Students conduct field trips to collect
relevant spatial and attribute information for digital maps. For comparison purposes, they
will be asked to experiment with each proposed approach. The traditional approach uses
GPS devices only to collect filed data. All the tasks of GPS data correction, transfer,
mapping, and publication are done after the field trip. The wireless PDA-based approach
uses GPS devices to collect data, then use wireless PDAs to perform differential data
correction and GIS mapping in the field, and finally transfers the resulting maps to the GIS
server for instant public access. The wireless laptop-based approach uses Windows CE
based GPS devices to collect data and to make differential corrections in the field, then uses
wireless laptops to perform mapping and data transfer to the GIS server. Obviously the two
proposed approaches are more attractive because they allow for data collection,
verification, and analysis from the field—with nearly instantaneous feedback to other users.

Step 3. Community Action and Reflection. Students perform additional spatial and
statistical analysis of the geographic information they acquired, review their hypotheses and
findings, and make recommendations on appropriate community actions or policies. Each
group must write a report and give a PowerPoint presentation to the class. Students will
also fill in the feedback form, reflecting upon their learning experiences and the usage of
wireless/GIS/GPS technologies.

Table 1 shows how each of the steps should be implemented and evaluated.
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Table 1: Formative evaluation plan.
Instructional Elements Project Goals and Objectives Evaluation Plan
Community Awareness and

Research
• Recognize critical community

issues
• Develop hypotheses
• Examine data needs
• Identify project outcomes

• Understand key concepts of
GIS, GPS, and wireless
broadband

• Understand what community
mapping means and entails

• Discuss and evaluate students’
community mapping proposals

Community Discovery and
Exploration

• Learn how to set up and run
GIS/GPS equipment

• Learn data collection techniques
using GPS

• Learn how to perform
differential data correction in
the fields

• Learn how to transfer data to
web-based GIS server through
wireless network

• Learn how to publish maps on
the internet

• Be able to integrate wireless
broadband with GIS and GPS
technologies

• Examine the inter-relationships
between man and environment

• Develop skills of inquiry and
investigation

• Be able to demonstrate real
time community mapping

• Document all the training
activities

• Document field trip experiences,
including all the technical
problems and obstacles

• Evaluate the quality of field data
• Evaluate and compare the

performances of GIS/GPS
devices

• Evaluate the efficiency of
wireless data transfer

Community Action and Reflection
• Learn how to conduct spatial

and statistical analysis with GIS
• Learn ways to present maps and

findings
• Reflect on learning experiences
• Make recommendations on

community actions or policies

• Be familiar with GIS
approaches to data exploration,
analysis, and visualization

• Develop critical thinking skills
• Develop communication,

collaboration and management
skills

• Create new knowledge
• Become informed citizens and

community advocators

• Evaluate student project reports
• Document student comments

and feedbacks
• Give demos and presentations

PEDAGOGICAL RESULTS
The use of community mapping has proved to be a rewarding and exciting way for teaching
and learning. The following are highlights of four projects students had proposed and
successfully completed.

1. Mapping Historical Buildings in Downtown Monterey. In this project, students used
GPS to map historical buildings in downtown of Monterey. They compared the
resulting map with an old historical map. They were able to identify historical
buildings that were not mapped as well as those that have been moved (Figure 1).

2. Mapping Commuters of Monterey County. In this project, a group of students
mapped the number of commuters in and out of Monterey County based on census
2000 data (Figure 2). They expressed deep concerns over the traffic congestion and
housing shortage in the Monterey Peninsular. They also discussed possible solutions
and pointed out directions for sustainable development.

3. Mapping Crimes in City of Salinas. This project examines the relationship between
crime and income in City of Salinas. Students have discovered that lower income
census tracts in Salinas are closely associated with higher crime rates for homicide,
gang related crime, and domestic violence (Figure 3).
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4. Mapping University Residential Areas. In this project, students mapped the Frederick
Park, a campus residential housing area with apartments and recreational facilities. In
addition, they analyzed the accessibility of certain recreational facilities (Figure 4).

Figure 1: Historic Monterey and current development.

Figure 2: Commuting patterns in Monterey County.

Figure 3: Comparing crimes and income in city of Salinas.
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Figure 4: Accessibility to recreational facilities in Frederick Park apartment.

TECHNICAL RESULTS
In order to investigate and compare the accuracy/effectiveness of wireless GIS/GPS
technologies, we chose to test the two approaches in our immediate community – CSUMB
campus. Our decision is based on the fact that there is an existing wireless network, a GIS
server and a GPS station already on campus. Another important consideration is the urgent
need of the university to create and update its own GIS database, which this project can
readily help. The campus environment of CSUMB has undergone many changes since it
opened its doors in 1995. The university has been facing the challenge to translate its vision
statement into a physical plan to ultimately support 25,000 full time equivalent students (by
2030). According to the CSUMB Master Plan, the eventual conveyance includes
approximately 1,350 acres of land, with 260 former military buildings and 1,253 housing
units. This process has a profound impact on the daily lives of the university, and to a large
extent, the central coast communities. It requires strategic planning and careful
considerations of balances between cost efficiency, historical and cultural value,
adaptability, and environmental quality.

Table 2 provides a comparison of the two GPS devices we experimented. Figure 5 and
Table 3 show the test site and the positioning accuracy of our tests. Evidently when WAAS
(Wide Area Augmentation System) is used to perform real-time differential correction, the
Trimble Geo XT handheld GPS provides the best quality data. Without using WAAS, the
two GPS devices appear to have almost the same positioning errors. In terms of wireless
data transfer, the PDA-based approach has a clear advantage as it has a built-in wireless
antenna. The laptop-based approach requires additional steps to transfer data from the GPS
to the laptop. Table 4 summarizes the pros and cons of the two devices.
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Table 2: The GeoExplorer CE GPS receiver versus iPAQ with Compact Flash GPS receiver.

Wireless GPS Devices

Description GeoExplorer CE Handheld GPS Receiver
(GeoXT, GeoXM)

iPAQ w/ Compact Flash GPS Receiver

Real Time DGPS Integrated WAAS Support WAAS Capable
Field Data Accuracy GeoXT: < 1m w/ pos-processing

GeoXM: 2-5 m w/post-processing
3 to 10 m

Processor Strong Arm 206 MHz SA-100 Strong Arm 206 MHz
Operating System Windows CE 3.0 Pocket PC 2002
Memory/Storage 32 MB RAM, 512 MB internal disk

memory
64 MB RAM, 32 MB Flash ROM

Display Resolution 240 x 320 pixels 240 x 320 pixels
Battery Life Lithium-ion, 8-21 hours Lithium polymer, 3-6 hours
Wireless Connection No Yes, w/ wireless card
Communication Ports USB, optional DE9 serial clip adapter Expansion pack connector
Infrared Port No Yes
Docking Cradle Yes Yes
Size 8.5 x 3.9 inches 5.1 x 3.3 inches
Weight 1.59 pounds 5.8 ounces
Operating Temperature 14 to 122 °F 32 to 104 °F
Water Resistant Yes No
Shockproof Shock and vibration resistant No
Cost $4000.00 - $6000.00 < $1000.00

Figure 5: The test field.

Table 3: Comparison of field data position accuracy.

Type of GPS Receiver Trimble GEO XT with
WASS correction

Trimble GEO XT
without correction

iPAQ with GPS Card
without correction

Mean Error from Base
Station Corrected Signals 48 inches 199 inches 191 inches
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Table 4: Summary of the comparisons.
Options Pros Cons

Laptop and GeoExplorer CE GPS
Receivers

Highly ruggedized design, higher
data accuracy, longer battery life

Very expensive, less portable, not
suitable for wireless connection

iPAQ with Compact Flash GPS
Receiver

Wireless connection, portable, less
expensive, easy to expand

Non-rugged design, short battery
life

CONCLUSIONS
This project has provided an exciting way to integrate learning, technology, and real-world
experiences for our students. It forms the basis to future integration and implementation of
wireless broadband, GIS, and GPS technologies for real time community mapping within
the context of curriculum design and student learning outcomes. The project has provided
us a) insights on how to do community mapping more efficiently and effectively; b)
feedbacks from faculty, students and IT staffs on using and managing the technologies for
teaching and learning; and c) cost base for implementing such technologies at a larger scale
and in larger areas. After carefully testing and comparing the cost and accuracy of the two
GPS devices as well as their wireless data transfer capabilities, we think that the wireless
PDA based approach is more affordable and feasible for GPS supported community
discovery process.

This project will lead to a more updated campus GIS database. Such information will be
used for providing resource and information to the general public regarding the campus
environment and physical growth. In addition, they will serve the planning, design, and
engineering needs for implementation of the CSUMB master plan.
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