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ABSTRACT

An education-oriented workshop for college faculty in the atmospheric and related sciences was held in Boulder,
Colorado, during June 1997 by three programs of the University Corporation for Atmospheric Research. The objective
of this workshop was to provide faculty with hands-on training in the use of Web-based instructional methods for specific application to the teaching of satellite remote sensing in their subject areas. More than 150 faculty and associated
scientists participated, and postworkshop evaluation showed it to have been a very successful integration of information
and activities related to computer-based instruction, educational principles, and scientific lectures.

Through improved visualization and interactive
analyses, computer-based learning technology offers
great benefit to education and research in the earth and
atmospheric sciences. One area in which this is particularly true is instruction related to satellite remote
sensing, which requires image display and animation
to fully apprehend the physical processes and concepts
inherent in the data. To promote the effective use of
computer-assisted instruction that utilizes these data,
three programs of the University Corporation for At-

mospheric Research (UCAR)—the Unidata Program;
the Cooperative Program for Operational Meteorology, Education and Training (COMET); and the Program for the Advancement of Geoscience Education
(PAGE)—conducted a faculty workshop 22-27 June
1997 entitled "Using Instructional Technologies and
Satellite Data for College-Level Education in the Atmospheric and Earth Sciences." Unidata and COMET
have a successful history of working together in the
development of faculty workshops that blend advanced instructional methods with diverse observational data and meteorological forecast models (Wash
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et al. 1992; Ramamurthy et al. 1995). Unidata provides
meteorological data to over 150 university and affiliated educational and research groups, as well as computer-based applications software for scientific
analysis. As part of this mission, satellite digital imagery is made available to colleges and universities on
a daily basis. Using satellite remote-sensing data to
teach the concepts and techniques of earth systems
science addresses educational needs described in a
recent report by the Geosciences Education Working
Group of the National Science Foundation (National
Science Foundation 1997).
Discussions at the 1994 Unidata workshop entitled
"Teaching Mesoscale Meteorology in the Age of the
Modernized National Weather Service" served as the
motivation for the development and implementation
of the 1997 workshop. From the town hall discussions
held at the earlier workshop, it became apparent that
a future workshop should build upon the curriculum
recommendations, scientific concepts, and teaching
methods presented at the 1994 workshop. This future
workshop should specialize in the use of satellite data,
the need for information exchange, and the availability of computer-based information and interactive meteorological software tools. Additional impetus was
provided by recommendations from the Unidata Users Committee and the American Meteorological Society meeting of heads and chairs that UCAR become
more proactive in the arena of education and instructional technology. The following overall goals for the
1997 workshop were established:
1) to communicate to university faculty how emerging analysis technology and computer-based interactive learning can improve undergraduate- and
graduate-level education and research capability;
2) to utilize the Geostationary Operational Environmental Satellite (GOES) and other new satellite data
sources to enhance conceptual and practical training in the atmospheric and related sciences; and
3) to increase student understanding of interdisciplinary environmental processes.
Unidata submitted a proposal for the workshop to
the National Science Foundation (NSF), and NSF,
Unidata, and COMET jointly agreed to sponsor this
workshop; it was held at the National Center for Atmospheric Research (NCAR) in Boulder, Colorado,
22-27 June 1997. Sixty-five participants and speakers attended the workshop, which included attending
lectures on satellite meteorology and then participat2154

ing in pedagogical lab activities. The outcome clearly
demonstrated that creativity and knowledge can be
shared among colleagues to enhance education and
learning techniques in complementary forums, such as
institutions of higher learning, international educational institutions, and secondary schools.
2. Presentation on satellite remotesensing topics

D. Johnson (University of Wisconsin—Madison)
presented the keynote address. He challenged the instructors to develop new interactive means of communicating a knowledge base from which students can
visualize the complex interactions and principles of atmospheric phenomena. He used examples from ongoing educational outreach efforts to demonstrate the
scientific requirements and benefits of increasing fundamental understanding of physical and dynamic processes. J. Purdom (National Oceanic and Atmospheric
Administration) provided an overview of radiativetransfer concepts, satellite instrument-channel selection, and spectral reflectance and emittance properties
of atmospheric and land targets. He discussed several
useful World Wide Web sites for satellite data and
technical documentation.
J. Christy (University of Alabama in Huntsville)
summarized the use of microwave satellite observations to map global atmospheric temperature patterns.
He described aspects of the radiative-transfer retrieval
process, the use of radiosonde data for intercomparison, and issues related to instrument calibration; he
also presented results related to long-term global
trends. S. Ackerman (University of Wisconsin—
Madison) spoke on both scientific and pedagogical
topics. He provided valuable guidelines for the selection and implementation of instructional technology.
Ackerman emphasized that instructional technologies
must increase student-faculty communication, build
cooperation among students, encourage exploration of
a subject, accommodate different learning styles, and
allow prompt feedback to student responses or inquiries. He also described a new Web-based course on the
subject of remote-sensing instrument technology. This
course includes interactive exercises related to satellite sensor design and covers topics such as signal-tonoise ratio and image pixel resolution.
J. Snow (University of Oklahoma) prepared a lecture on applications of Geographical Information Systems (GIS) but was unable to attend; the material was
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presented by D. Fulker, Unidata Program director.
Fulker led an active discussion on the importance of
practical training in meteorological applications, noting the increasing interplay of various environmental
disciplines and the economic impacts of meteorological conditions and events. The data merging and analysis tools of GIS can improve the utilization of
meteorological data in teaching, environmental management, and economic development.
J. Merrill (University of Rhode Island) spoke on
methods for mapping particulate aerosols over the
ocean using satellite data, including applications to
study the role of aerosols in radiative forcing and the
global energy balance. He gave a very useful review
of the radiative transfer principles that students should
understand in order to use and evaluate the satellitederived aerosol optical-thickness parameters. Merrill
also described the use of multichannel satellite image
data for screening cloudy pixels from the global dataset. C. Velden (University of Wisconsin—Madison
Cooperative Institute for Meteorological Satellite
Studies) demonstrated the use of infrared "water vapor
imagery," which is sensitive to upper-tropospheric
water vapor and clouds, to teach concepts in atmospheric dynamics and weather forecasting. He provided several hypertext links to image resources,
including material on production of multilevel wind
vectors from the satellite water vapor imagery.
3. Educational technology presentations

T. Reeves (University of Georgia) delivered the
keynote education speech. Reeves spoke on the importance of mental models in science education and described how the emergence of the World Wide Web
in education required an understanding not only of the
technology, but of its pedagogical implications. The
importance of mental models in science education lies
in the fact that students bring to science courses informal, yet surprisingly robust, mental models—interconnected knowledge structures formed in the mind
in response to a stimulus—that may interfere with the
development of appropriate models. According to
Reeves, the skills and experience learners have with
technology and the degree to which curricula and Web
materials have been designed to support more appropriate pedagogical dimensions determine how effective a Web page is.
Another educational presentation was delivered by
G. Takle (Iowa State University), who presented some
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of the online material he has developed for his global
change course. Takle stressed how the Web-based
components of the course offer students a much more
extensive resource and functionality base and allow
them to regulate their own learning in terms of rate,
style, and potential. He also made several recommendations for how to start developing Web-based
courses, including the importance of teamwork and
involving students from the outset.
P. Ruscher [The Florida State University (FSU)]
described the development of Web-based courses
taught at FSU, including a course on satellite meteorology and remote sensing and another on earth
science in elementary education. He discussed instructional strategies, emphasizing that the course designer
must specify not only what data are required for a
course, but the methods to analyze and display those
data. Ruscher stressed that it is necessary for the instructor to be familiar with the sources of data (i.e., satellite, observational networks, and models). It is
important to develop the relationship of specific course
topics to other geoscience disciplines (i.e., ecology and
hydrology). Ruscher also demonstrated a Web-based
course developed at FSU for earth science and elementary teachers that integrates weekly lectures and laboratories for a variety of topics. He discussed the Florida
Explores! program, a K-12 initiative that brings directreceipt satellite imagery, including polar-orbiting satellite data, into public schools. Currently there are 180
schools in Florida participating in this program.
4. Panel discussions related to
instructional design and development

The panel discussion "Fostering Institutional
Support for Instructional Development" was led by
M. Ramamurthy (University of Illinois), B. Ridky
(representing NSF), T. Reeves, and D. Yarger. The
moderator was M. Marlino (director of PAGE). Short
presentations were made by the panel leaders, followed
by questions and comments from the audience.
Impediments to instructional development noted were
the time required, lack of a pedagogical background,
and also a lack of a reward system for faculty engaged
in these activities: science departments on campus will
not normally have faculty who are primarily devoted
to instructional development, and there may actually
be a stigma against the "popularizing" of the science.
The NSF Geosciences Directorate is increasing its
support of education at the undergraduate level and
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broadening its view of university education beyond the
support of graduate research assistants. The panelists
recommended that senior faculty should use their positions with their departments, colleges, and even the
larger scientific community to acknowledge the value
of instructional development, and should influence the
weighting of this activity in consideration of faculty
promotions. The question was asked from the audience
whether UCAR has considered presenting these issues
to member university deans and department chairs.
Marlino responded that PAGE will consider this approach. Students should also be brought into the overall effort, to support and help to guide the development
process.
Other possible initiatives could include a new journal in the field of atmospheric sciences education,
partnerships with other colleges with experience in
design of instructional programs in atmospheric topics of interest, and collaboration with faculty in the
field of instructional design. It was noted that many
fields of study will benefit from enhanced instructional
materials in atmospheric and related sciences, and that
this type of effort should not be limited to the larger
fields such as physics, math, and chemistry.
Another panel discussion was titled "Building
Bridges among Disciplines, Research and Education.
Is It Possible? Where Are the Resources? Are There
Jobs?" These topics were addressed by panel leaders
B. Ridky, C. Jacobs (NSF), M. Mayhew (NSF), and
D. Yarger, the panel moderator was B. Domenico
(Unidata). The NSF supports a new focus on using
technology to better utilize the knowledge that is distributed among the wide variety of universities and
colleges today. This will improve collaboration
among disciplines, enhance interdisciplinary knowledge of complex natural and physical processes
and systems, and can assist learning by building a dynamic interplay between theory, simulations, and
observations.
Faculty need to take advantage of the NSF geosciences programs and exercise leadership to propose
and implement new methods and collaborations. This
can facilitate educational outreach, improve linkage of
research and education, augment distance-learning capabilities, and promote innovative curricula. It was
suggested that colleges pursue the development of
statewide educational alliances to meet these goals.
The National Science Education Standards also provide guidance on the ways that college departments
of education and sciences can team up to better train
future K-12 teachers of science, who should be offered
2156

more diverse and effective education on the content
and methods they will use on the job.
The panel discussion included information on
funding sources for instructional development activities and also led to comments regarding the need to
work more closely with the state boards of education
and college departments of education. There is need
for reexamining the training and certification opportunities for teachers of science (education majors);
scientists need to become involved assisting and supporting secondary school teachers.
5. Instructional development laboratory
sessions

a. Instructional development groups
To complement the plenary presentations, the
workshop devoted three consecutive afternoons and a
fourth full day to lab activities in instructional development. These were organized to demonstrate the process of creating a pedagogically sound instructional
exercise, written in HyperText Markup Language
(HTML) for use on the World Wide Web. The lab sessions employed hands-on, collaborative, and projectoriented methods of instruction, which have become
part of the contemporary paradigm of effective pedagogy. Participants divided into three groups, ranging
from 12 to 16 people, based upon their subject matter
interests:
Group A: Survey courses in meteorology and earth
sciences;
Group B: Weather forecasting and mesoscale processes; and
Group C: Climate, hydrology, and earth-atmosphere interactions.
Each group met in its own networked computer lab
equipped either with PC computer systems running the
Windows95 operating system (groups A and C) or
with a mixture of PC and UNIX workstations (group
B). Each lab contained at least one computer for every two participants.
In each group, an instructional designer, an instructional author/programmer, and a subject matter
expert gave presentations and led lab activities; a staff
member from Unidata and another from COMET provided software and hardware support; a recorder noted
significant comments and events for posterity; and a
moderator facilitated each group's sessions. In total,
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at least seven people served in designated leadership
or supporting roles in each group. The high ratio
(roughly 1:2) of leaders and staff to participants contributed greatly to the success of the lab sessions.
Group lab activities began with an introduction to
pedagogical concepts and instructional design principles. Participants were asked to define instructional
objectives that could be better met through interactive
computing. Faculty objectives included a desire to
improve instructional methods and content, and a
broad range of goals for improving visualization and
student understanding of such topics as mesoscale
meteorological processes, atmospheric dynamics, orographic flow, cloud development observed in satellite
imagery, hydrometeorological principles, precipitation
estimation, case study analysis, short-term forecasting,
and surface-atmosphere interaction. Presentations by
computer experts and meteorologists from Unidata
provided the faculty with information on how satellite data access and processing could be used to produce examples of the processes and features they wish
to illustrate to their students.
b. Lab activities
To produce pedagogically sound instructional exercises, participants
1) defined specific learning objectives for their proposed exercises, found one or more other participants with whom to collaborate, and learned some
principles of sound pedagogy;
2) surveyed some of the resources available on the
World Wide Web;
3) learned how to create HTML documents; and
4) combined steps 1-3 to draft a Web-based instructional exercise.
On the first afternoon, each group's instructional
designer(s) introduced some contemporary principles
of sound pedagogy. Group A's designers, M. Marlino
and T. Reeves, presented "Learning Theory and Instructional Strategies" (http://www.unidata.ucar.edu/
sum_wkshp/plan/mary/sld001.htm), describing
Bloom's (1956) taxonomy of intellectual skills plus
alternative instructional strategies to traditional lecture.
In group B, S. Wang of COMET presented "Needs
Assessment, Task Analysis, Objectives and Evaluation" (http://www.unidata.ucar.edu/sum_wkshp/
plan/woody/index.htm). In group C, B. Heckman
(COMET-PAGE) presented "The Instructional Design Process" and prepared "Instructional Design
Bulletin of the American Meteorological Society

Page" to guide this group. The concept of "enabling
objectives" was used to assist the faculty in selecting
and modifying their instructional materials to directly
meet the needs of students to improve their analysis
methodology and physical understanding.
On the second afternoon, the subject matter experts
and Unidata and COMET staff members introduced a
variety of resources—from satellite and other images
to software and instructional resources—available on
the World Wide Web and on CD-ROMs. COMET
staff provided satellite images extracted from the
COMET training modules and Web-based instructional templates that could be used as resources in the
development efforts. Each group divided into smaller
teams to devise mechanisms to use interactive presentation of satellite imagery and datasets to address the
specific group objectives. The primary resources and
lab instruction utilized Web-based software and imagery, with additional textual and dataset input from
users according to their educational objectives. These
resources can be found on the Unidata Web site
(http ://www.unidata.ucar.edu/sum_wkshp/).
On the third afternoon, each group's instructional
author/programmer shepherded participants through
one of several self-paced, online tutorials on HTML
and HTML editors that had been created for the workshop. P. Boysen in group C and M. Taber in group A
(both of Iowa State) employed their HTML tutorial
(http://www.unidata.ucar.edu/sum_wkshp/plan/html/
tutorial.html), which integrates text editing and
Web-browsing capabilities, to teach HTML in the
context of creating an instructional lesson. As an example, it presents Taber's "Relating IR Temperature
Derived from Satellites to Cloud Top Heights."
D. Vietor in group B introduced participants to
his HTML editor tutorials, on AOLPress (http://
www.unidata.ucar.edu/sum_wkshp/plan/Dan_Vietor/
html/aolpress-tutorial.html) and on Netscape Gold
(http://www.unidata.ucar.edu/sum_wkshp/plan/
Dan_Vietor/html/netscape-tutorial.html).
The last two days of the workshop allowed a substantial amount of time for the development groups
and individual teams to build their Web-based exercises into materials that could be used in the classroom. Participants worked in small teams on day four
to develop drafts of Web-based exercises in which
they applied the pedagogical principles, Web-based
resources, and HTML or HTML editing skills acquired in the preceding lab sessions. The results
showed a significant utilization of diverse data sources
and integrated concept development. Brief examples
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of individual Web page elements from a team in each
group are shown in Figs. 1-3. A complete list of the
computer-based materials developed in each group are
available online (http://www.unidata.ucar.edu/

FIG. 1. A selected screen from an exercise on interpreting
satellite images, developed by D. Dempsey and P. Ruscher in
group A, for undergraduate meteorology instruction.

sum_wkshp/plan/groupA/Aindex.html; http://
www.unidata.ucar.edu/sum_wkshp/plan/groupB/
Bindex.html; http://www.unidata.ucar.edu/sum_wkshp/
plan/groupC/Cindex.html).
Web-based exercises addressed specific topics in
the courses that the faculty teach. A sampling of the
subject areas from the curriculum development activities includes
jet streak identification and interpretation of jet
stream circulation;
recognition of important differences in the temporal and spatial scale of meteorological processes;
extracting synoptic-scale and mesoscale information from water vapor imagery not available in other
image channels;
evaluating supercell convective systems;
characterizing precipitation patterns with combined
satellite and radar imagery;
technical applications in agroclimatology;
moisture convergence and flash flooding with Webaccessible mesoscale models;
use of the World Wide Web to track climate-related
news stories and related scientific content;
applying Web-based animation and graphics to explain the evolution and impacts of El Nino;
merging satellite imagery with field observations
for teaching meteorology, relating anomalies in
precipitation, temperature, and snowpack to river hydrographs; and
• selecting microwave satellite imagery
to explain radiative transfer principles
and analysis guidelines.

The groups took different approaches
to how their Web pages were designed.
One group used the World Wide Web
to design course outline pages as an
HTML-format syllabus, while a second
chose to emphasize imagery and instructional examples rather than course structure. Another group used the COMET
templates to put together Web-based lessons or tutorials. The success of the lab
sessions was in large part due to the expertise of group leaders in the technical
and scientific aspects of the instructional
development activities. Also, the goal of
FIG. 2. A page from a Web-based exercise, designed by A. Czarnetzki, K. Hart, completing an exercise within a few days
and M. Trapasso in group B, to instruct students in the use of the infrared imagery
critical to ensuring that participants
in the water vapor channel.
realized that HTML Web design was
w a s
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FIG. 3. Excerpt from a Web tutorial describing the use of interpretation guidelines for the analysis of satellite microwave image
data, prepared by G. Petty and H. C. Ye in group C.

possible and that effective materials could be produced in a relatively short time. At the end of the lab
sessions, each group's moderator led a discussion to
elicit the participants' perspectives on the intensive instructional development process that they had just
experienced. A summary of the comments is on the
workshop's Web pages (http://www.unidata.ucar.edu/
sum_wkshp/plan/group A/comments .html).
During the final plenary session, the participants
and group moderators (M. Ramamurthy for group A;
5. Koch and D. Knight for group B; C. Murphy for
group C) presented many of the exercises created by
participants. They summarized the previous day's discussions about their team's experience with the instructional development process, which led to sharing
of ideas and materials among all participants.

the following day. A tabulation of the results as well as
comments of the respondents are on the workshop's
Web pages (http://www.unidata.ucar.edu/sum_wkshp/
evaluation.html).
While the participants rated each of the four components of the workshop—lecture presentations, panel
discussion, lab presentation, and hands-on development of instructional materials—as successful, respondents reported that the hands-on development of
instructional materials had the greatest utility and success. Participants observed that these exercises were "an
excellent way to bring all [the] materials together and
to apply what was learned." Most participants appreciated being made aware of satellite meteorology sources
on the World Wide Web. There was a general consensus that the workshop was "well organized" and ran
smoothly—"one of the best organized conferences I have
ever [attended]," to quote an attendee. Some participants
6. Workshop evaluation
found the lab presentations "overwhelming," which
suggests daily HTML tutorials might have been better.
A written exit survey was distributed to the workParticipants were uniformly positive about comshop attendees on the afternoon prior to the work- bining scientific lectures with lectures on pedagogy
shop's completion. Most of the surveys were returned and instructional design. For many, it was their first
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exposure to pedagogical concepts and HTML. Most
participants plan to use existing Internet and World
Wide Web resources, as well as the exercises they had
completed during the workshop, in their instruction in
fall 1998. While attendees look forward to further developing and implementing the skills learned during
the workshop, there was the concern that there would
be significant challenges in performing these tasks at
their home institutions. The most common concerns
were the lack of time and personnel resources needed
to implement instructional design and the concern that
the time invested in these endeavors would not be "rewarded." As one participant noted, "I have to implement this technology little by little since 'publications'
carry much higher weight to achieve my tenure."
However, a significant effect can be obtained with a
relatively small investment of time. For example, one
of the participants (E. Cutrim, University of Western
Michigan), shortly after attending this workshop, developed and conducted a week-long workshop for
teachers at her home institution related to the use of
Web-based instruction in meteorology. With respect
to the workshop goals, it was apparent from the survey results that the participants found this workshop
a success. The sentiments of the participants was best
summarized by this comment: "I applaud this effort
in bringing research, teaching and technology into one
workshop. We need much more of this. It forced me
to reevaluate my teaching."
7. Conclusions

Lessons learned from this workshop have implications for future workshops. The merging of scientific lectures and pedagogical instructional design
raised participants' awareness of techniques and methods that can be used to enhance teaching. The different
levels of participant expertise created an environment

for interactive and collaborative lab sessions. As one
participant said, "I got much more from this workshop
than I had expected and I am delighted by that. I was
surprised to learn just how enabling the Web has become for the teaching of meteorology."
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