
ABSTRACT

Many geoscience students do not receive the
opportunity to use handheld computers and similar
tools during field experiences until they enroll in
upper-division courses or attend field camp. Although
many outdoor exercises in introductory-level courses
include demonstrations of pieces of equipment in the
field, students in these classes may not have a chance to
use these equipment individually. However, handheld
technology can be successfully integrated with
introductory-level field experiences as a data collection
tool and reference guide.

Palm Pilot handheld computers offer each student
the opportunity to become actively involved in the field
experience. Forms can be created and tailored to a
specific outdoor investigation and placed on the Palms
for students to collect data. Instructors can create
instructional videos and eBooks with references on the
Palms that correspond to the project objective. 

For two years Penn State Delaware County has
integrated handheld technology with field experiences
into introductory-level geoscience courses in physical
geology and oceanography. In addition to giving
students a valuable introduction to technology that can
be used in the field, the experience gives non-science
majors a chance to see an application of an everyday
technological tool in a nontraditional setting.
End-of-semester course evaluations are filled with
positive comments and student suggestions of further
Palm Pilot integration.

INTRODUCTION

A keystone of the undergraduate geoscience curriculum
is for students to obtain investigative and hands-on
experience through field projects. Field activities
affectively and cognitively enhance student learning and 
allow students to be active and creative participants in
their education (Kern and Carpenter, 1986; Karabinos et
al., 1992). In courses that involve field exercises, students
show and self-report an improved student attitude and
interest (Kern and Carpenter, 1984). However,
investigative field experiences are typically reserved for
upper-division courses and field camp programs. Many
introductory-level classes, if afforded the opportunity to
go on fieldtrips, experience the "show and tell" format
during visits to outcrops or streams. This is in part
because of large laboratory sections, few (if any) teaching 
assistants, and not enough field equipment for students
to collect data individually. Yet there is value to bringing
the introductory geoscience student in the field to learn
about observation and interpretation (Spencer, 1990).

There is also value in the addition of technological
tools to the field experience. The use of technological
tools in undergraduate geoscience fieldwork is not a new 
concept. For example, the technology of laptop
computers, Electronic Total Stations (ETS) and the
Global Positioning System (GPS) has successfully been

applied to upper-level field courses and field camp,
primarily for mapping exercises (Brown, 1998; Schlische
and Ackermann, 1998). Speece (1999) details where
technological equipment used in upper-division courses
has even been made accessible to K-12 students and
teachers through outreach programs. Unfortunately,
students enrolled in introductory-level geoscience
courses rarely get exposure to these technologies in
hands-on field settings. 

Handheld computers are tools that allow an
instructor to place technology in the hands of
introductory-level students for a more authentic field
research experience. This article highlights two examples 
of the successful integration of Palm Pilot technology in
field exercises by introductory-level students.

Introductory Geoscience at Penn State Delaware
County -Pennsylvania State University Delaware
County is a branch campus in the Penn State system
located 20 miles outside of Philadelphia. The campus
serves primarily as a two-year feeder school for the main
campus (University Park) and focuses on offering
general education and entrance-to-majors courses. I am
the only geoscience instructor on campus and teach
introductory-level geoscience and earth science courses.
In my past four years of teaching approximately 75
students per semester, only one student has transferred
to the University Park campus and graduated as an earth
science major. Therefore, the mission of my courses is not 
to prepare future geology majors but to show
non-science majors the importance and relevance of
learning about the earth.

With my student audience in mind, my geoscience
courses are designed to be more skill-based than
content-driven. My overarching course goals include
student experience with the scientific method, working
with data sets, and use of technology. These are skills I
feel are of great value to students, no matter what their
major. To reach these goals, my laboratory-based courses 
include authentic field experiences that involve data
collection with handheld computers.

Field Re search Fa cil i tated with Handheld Tech nol -
ogy - It is un clear how wide spread the use of handheld
com put ers is in stu dent geoscience in ves ti ga tions be -
cause only a few au thors have made pre sen ta tions (e.g.
Frizado and Onasch, 2001; Fuller et al., 2002; Guertin and
Bodek, 2003). Like wise, in other dis ci plines, in struc tors
have pub lished a few ex tended ab stracts and con fer ence
pa pers which de tail ad van tages and unique ap pli ca tions
for handheld com put ers in the med i cal field (Sommers et 
al., 2001) and field sit u a tions such as track ing an i mals
(Blake, 2002) and mon i tor ing ag ri cul tural growth (Rieger 
and Gay, 1997).

My introductory-level students use handheld
technology during fieldwork in two different courses.
My physical geology course has two sections of 24
students each fall semester. Handheld technology is used 
for several research projects including the building
blocks of shopping malls (Guertin, 2005), streamflow
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discharge, and the tombstone weathering project
(highlighted in this paper). My introduction to
oceanography course has one section of 24 students each
spring semester with a project that examines temporal
and spatial data of beach profiles. 

For both the tombstone weathering rate and beach
profiling projects, students get a brief introduction to the
field locations in class. The tombstone weathering rate
project is conducted in a cemetery located across the
street from campus. I provide the students with three
hypotheses that they will test relating to tombstone
composition, style, and weathering. Students are
required to develop a fourth hypothesis to test
individually. The class as a whole makes an initial visit to 
the cemetery to see what data need to be collected to test
the hypotheses. 

For oceanography, the class is taken on an initial
virtual fieldtrip and are told that they will perform a
spatial and temporal comparison of beach profiles along
Cape Henlopen State Park in Delaware (the closest area
of shoreline to the campus not altered by manmade
structures). Students are required to attend two fieldtrips 
to Cape Henlopen - one in January and one in April.
Between the two trips, the students as a group must
hypothesize what will happen to individual profiles
individually and along the beach from their original field 
survey at the beginning of the semester to their second
survey at the end of the semester.

THE OLD METHOD

After determining the hypotheses to test and what data
to collect, the students go in the field to begin their
investigations. In the first iterations of these projects (Fall 
2001 for physical geology and Spring 2002 for
oceanography), students utilized the "pen and paper"
method of recording their data. Students were divided
into teams and spread out across the field location to
obtain as much spatial coverage as possible. Students
used a data recording sheet that I provided and their rock 
identification book for the tombstone project and
detailed handout for the beach profiling to assist them
with field procedures.

Challenges - Both students and I experienced much
frustration during the data collection phase. This should
have been anticipated since these projects are the first
true field experiences for these introductory-level
nonscience majors. Overall, students were unprepared
for fieldwork. They did not know how to be critical
observers or realize the importance of accurate data
reporting. 

After the fieldtrips, students were required to enter
their collected data in an Excel spreadsheet template
provided on disk with specific directions on what to type
in each column. Unfortunately, some students lost
datasheets before they had a chance to enter the data,
while other students admitted they could not read their
own handwriting and guessed at the data values to enter
in the spreadsheet. Some students did not enter the data
in Excel correctly and then misspelled key terms such as
"granite." When all the files were sent to me to merge into
one giant dataset, I had trouble reformatting student
entries so that all the data could be sorted properly. I also
had to wait for late data submissions before I could
circulate the merged Excel file back to the students for
analysis. The value of the field experience was lost on
many of the students and labeled as "busy work."

THE NEW METHOD

Preparing the Technology - I decided to place a
stronger emphasis in the course on the field projects and
to provide the students with proper preparation and
technological tools to streamline the process. Through a
grant at Penn State University, I was able to obtain 24
Zire 71 Palm Pilot handheld computers to improve the
field experiences. Palm Pilots were chosen over pocket
PCs for their affordability.

In order to fully exploit the educational value of
utilizing Palm Pilots as a data collection tool, I began
testing the delivery of web-based content and forms
using the M-Business Server from AvantGo, Inc. I used
Macromedia Dreamweaver to develop web-based data
entry forms and the M-Business Server to deliver this
content to the Palm Pilot via cradle synchronization. The
M-Business server software delivers static web pages
and content plus support for off line form submissions
making it easy to collect data and then post them online
at the next synchronization or "hoysync."

Another advantage of using handheld computers is
the ability to place additional materials for the students
on the devices beyond the data collection forms. These
customized materials are a great asset during the time in
the field, as I am the only instructor for the course with no 
teaching assistants. With my students scattered across
the field location, I cannot reach each student whenever
one has a question. To address this issue, I created
eBooks with Palm eBook Studio that provide
information and resources tailored to the specific field
project. eBooks can be read on a Palm with the free
program Palm eReader. For example, I wrote an eBook
on rock identification for the students to use when
identifying tombstone composition. I also placed the
assignment handouts and descriptions for each field
project in the eBook format. Currently, I am updating
text materials on the Palms to a PDF format, using an
Adobe program that reformats PDF files for Palms to
they can be read with the free Adobe Reader for Palm OS. 
The advantage of using the PDF format is that these files
can also be placed online in the university's course
management system and read with the desktop Adobe
Reader.

I have also created instructional videos that are
placed on the Palm Pilots to facilitate student fieldwork.
The instruction videos are converted to the 'pdb' format
through a program called Kinoma Producer. The movies
can be played on the Palm with the free application
Kinoma Player. For example, I have created videos
explaining how to measure the height of a tombstone,
how to take a GPS measurement, and how to start
conducting a beach profile. These videos serve as
reminders to what has already been reviewed in class
and in the field if a student has a procedural question.

Preparing the Students - My next task was to not only
train students to do fieldwork but to be comfortable with
using the technology for their investigations. During the
first week of classes, I developed general information
surveys for the Palms and used them in the classroom to
introduce students to the handheld computer and its
basic use. The class completed two generic surveys
which included pull-down menus, text and number
entry lines, and radio bullets. These data-entry fields are
of the same type used in the geoscience field collection
programs for the cemetery and at the shore. 
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Then I required the students to use the actual
program developed for both research projects in practice
sessions. The physical geology students experimented
with the cemetery program during the pre-project
fieldtrip to the cemetery, and the oceanography students
practiced profiling a hill on campus while entering the
data on the Palms. While the students were learning the
technique of collecting data and being critical observers,
they learned at the same time how to use this
technological tool to collect the data. During the actual
field projects in Fall 2002 through Spring 2004, students
had no problems utilizing the handheld technology for
data entry, eBooks and instructional videos. By using one 
instrument, the Palm Pilot, I eliminated the need for
students to juggle many materials with them in the field,
such as a notebook, rock identification book, project
handout, etc. This also eliminated the possibility of a
student not bringing the materials needed to conduct the
field research, since I provide everything on the Palm
Pilot.

After the field surveys were completed, I showed the 
students how to download their data from the Palm
Pilots to the Internet through desktop synchronization. I
have two Palm Pilot hotsync stations in my classroom
where students can perform this function. All the data
were compiled and presented on one website. The
students were then able to export the data into an Excel
spreadsheet themselves for graphing and further
analyses before writing up their final project results. This
allowed students to have access to all the data
immediately. As an instructor, I did not have to worry
about lost data sheets or errors from individuals
manually entering the data in MS Excel. Hecht (1997)
documents that a handheld computer is a faster and
more accurate method for transferring collected data into 
a computer for later analysis as compared to the "pen and 
paper" method.

Challenges - Although I am concerned about how the
students treat the Palms, they have handled the
equipment carefully. I think this has been accomplished
by having the Palm training session in class and in the
field. I also number each Palm and have the same student 
use the same Palm throughout the semester. I tell the
students this allows me to track if anyone has been
changing the colors, deleting programs, etc. To date, no
one has intentionally altered any templates or Palm
programs.

Keeping the batteries charged is a point of concern
but can be easily monitored. In general, students can use
the Palms for at least four consecutive hours, which is
enough for these fieldtrips. If my fieldtrips were
overnight where I could not charge the Palms between
field sites, this would be an issue.

The model of Palm Pilot we are currently using, the
Zire 71, is no longer manufactured. Palm models have
been cycling through a two-year life cycle and then
new-and-improved models are being marketed.
However, this has not been a concern for my projects.
The Palms I have can show the text and video that I need
for the field projects. In the past two years of use, not one
Palm has broken or needed to be repaired or replaced.
Although this basic model is no longer available, I do not
need the most recent model with the most options to
accomplish my course objectives.

STUDENT FEEDBACK

Stu dent com ments on the use of Palm Pi lots for field in -
ves ti ga tions have been col lected through end-of- se mes -
ter feed back and in for mal con ver sa tions. Al though these 
means do not pro vide for a rig or ous as sess ment, they do
pro vide valu able in for ma tion on stu dent per cep tions of
the field pro ce dure and re sults. In each lab o ra tory sec -
tion of 24 stu dents taught over the past two years, only
one or two stu dents from each sec tion have re ported
prior ex pe ri ence work ing with a handheld com puter.

Students have recognized many advantages to using 
the Palm Pilots. Several students appreciated the ability
to learn a new technology and were surprised at the ease
of use. For example, one student admitted that at first she 
was scared to use the Palm, but after the training she
realized that using a Palm did not take a degree in rocket
science. Students also commented on how promptly the
data get posted and appreciate the time efficiency.
Although I never told students about the old method of
data gathering, one student mentioned that he
appreciated not having to write down and then type in
all the field data. A few students also felt the Palms were
a big advantage in having all the information contained
on them instead of wasting paper for handouts.

Although the positive comments outnumber the
negative comments about the Palm Pilots, there are a few 
student concerns worth mentioning. A few students
commented that the screen was small and difficult to
read from because of its size. A few students reported
difficulty scrolling through the volume of text in the
eBooks. For this comment, it would be helpful to have a
follow-up question to ask these students if they utilized
the table of contents available with each eBook. This
allows students to jump through the document instead of 
scrolling through all the sections. One student stated that 
he was concerned that it was still possible to have errors
in the data entry by choosing an incorrect selection from
the pull-down menus.

There are unexpected results from the Palm Pilot use
in physical geology and oceanography. For example,
several students express a desire for the Palms to be
integrated into other classroom activities beyond the
fieldwork. At least one student each semester has
reported going out and purchasing a Palm Pilot for their
own use. Word is getting around campus about the use
of Palms. Each semester before course registration begins 
for the following semester, I always have students
coming to my office stating that they want to enroll in
one of my courses. When I ask which one, they reply, "the 
one with the Palm Pilots."

CONSIDERATIONS FOR IMPLEMENTATION

Before purchasing a set of Palm Pilots to use in student
field exercises, there are many factors individual faculty
and departments should consider and address. The
pedagogical goals of the fieldwork should be a priority.
Will the handheld technology facilitate and enhance
student learning? The technology should not drive the
teaching; rather, the teaching goals should dictate if
technology use is appropriate for the setting. Who will
oversee use, upgrades, and maintenance of the Palm
Pilots? This will be important to establish if a department 
does not have a laboratory technician and/or if multiple
laboratory sections will use the Palm Pilots in the same
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day. The Palms will need to have enough battery
strength for students to complete the fieldwork.
Therefore, someone will need to oversee keeping the
Palms charged, requiring time and space to set up the
charging stations. If students are allowed to complete
fieldwork outside of class, an instructor will need to
determine if Palm Pilots can be loaned out to individual
students.

CONCLUSION

Non-science majors enrolled in introductory-level
geoscience courses can obtain a scientifically challenging
and positive field experience. Supplementing traditional
field exercises with handheld technology allows
individual students to be active learners in the field and
see an innovative use of handheld technology. In
addition, Palm Pilots allowed me to meet my
overarching course goals of the using the scientific
method, working with data sets, and using technology.
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