
Subject: Professional development,
data analysis, ecology

Audience: Teachers, technology co-
ordinators, library/media specialists,
teacher educators, principals, district
leaders

Grade Level: K–12 (Ages 5–18)

Technology: Internet/Web, e-mail,
word processing software, data
tools

Standards: NETS•T II–III. (Read
more about the NETS Project at
www.iste.org—select Standards
Projects.)

By Alan Feldman, Bob
Coulter, and Cliff Konold

Linking Technology,
Learning, and School Change

Learning & Leading with Technology Volume 28   Number 442

Telecommunications

Copyright © 2001, ISTE (International Society for Technology in
Education), 800.336.5191 (U.S. & Canada) or 541.302.2777 (Int'l),
iste@iste.org, www.iste.org. All rights reserved.



Telecommunications

December/January  2000–01 Learning & Leading with Technology

More on Science and the InternetThis article is the fourth based on the recently published
book, Network Science, A Decade Later : The Internet andClassroom Learning by A. Feldman, C. Konold, and B.Coulter (Erlbaum, 2000). The authors’ research focused

on science curricula that use online communities andshared sets of data to support students learning science.
Funded under grants from the National Science Founda-
tion (RED-9454704, RED-9155743, and REC-9725228),
their research examined the goals of these curricula and
the actual experiences of teachers and students. Rather
than seeing the Internet as a certain road to educational
reform, the authors found that the Internet’s greatest ef-
fects are felt in classes where teachers and students are
already engaged in inquiry-based methods of teaching and
learning. For more information about the book, see http://
teaparty.terc.edu/book/.

Computers and Internet
connections are rapidly be-
coming commonplace in

schools, yet it is widely acknowledged
that they have not had the significant
impact on teaching and learning that
many had expected (Kirkpatrick &
Cuban, 1998). We culminate our four-
article series by describing our views on
how teaching practices need to change
to take advantage of rapidly emerging
technologies. (See More on Science
and the Internet, this page.) We
address two questions:

1. When a school integrates technology
thoroughly into teaching and learn-
ing, what does a classroom look like
and how is student learning ex-
tended and deepened?

2. How can a school or district support
teachers in their integration of tech-
nology into teaching and learning
practices?

To get at these answers, we begin by
looking at how teaching and learning
evolved in one teacher’s classroom as he
integrated technology and at the roles
the school and district played in en-
couraging and supporting this trans-
formation. This vignette focuses on
science and math learning in a class
taught by William, a composite charac-
ter based on elementary school teachers
with whom we have worked.

William is a skilled teacher, and his
fourth-grade students are actively en-
gaged in learning about science. Ini-

tially, technology plays a limited role
in his classroom. We come back three
years later and describe how teaching
and learning practices have evolved in
William’s classroom through the inte-
gration of technology and the support
of the school’s educational technologist.

Inquiry-Based Teaching
and Learning
William is a well-respected teacher
at Brookside Elementary School with
more than a decade of experience. Like
many other teachers, he has taught ev-
ery subject, but in recent years he has
specialized in math and science.

Until William attended a summer
workshop on ecology two years ago,
he and his students knew little about
the rich diversity of life in the area
immediately surrounding the school.
Now, each spring, William’s class stud-
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ies wildlife in the vicinity. The ecology
unit is integral to his goal of helping
students appreciate the local environ-
ment and learn the interrelations of
species in a given area, along with some
basic plant and animal taxonomy.

Drawing ideas from a variety of
curriculum guides including Schoolyard
Ecology (from GEMS) and Eco-Inquiry
(from the Institute of Ecosystem Stud-
ies), William bases his unit on the
question, “Who lives with us here at
school?” He begins with the students
working in teams to identify plants
and animals. William has structured
the field investigations to satisfy various
district-mandated science goals relating
to ecology, biology, and geology. Per-
haps less obvious are his activities de-
signed to fulfill district-mandated math
goals relating to measurement and area,
including estimating the sizes of ani-
mals and comparing them to data in
the field guides as well as measuring
their study site.

The students enjoy having the out-
door sessions as part of their class work.
Because they are engaged in their learn-
ing (thanks to William’s careful struc-
turing of the student groups), discipline
problems are rare. The students work
well in their assigned roles and take re-
sponsibility for figuring out when and
how to use available equipment: hand
lenses, field guides, measurement tools,
and research journals. Following their
fieldwork, they discuss and share their
findings as a class. In their weekly com-
puter class, students work with the
school’s computer coordinator to search
for online science references and make
use of ecology simulations. Though
these simulations do not advance key
curriculum goals, they are popular with
the students.

The ecology unit culminates in stu-
dents creating museum-style displays
that detail the life forms present in each
area of the schoolyard. On presentation
day, the classroom is filled with pressed
leaves, photographs of animal tracks
and local birds, and terraria housing pill

bugs and other insects. Because each
team of students has been assigned to a
different part of the grounds, the shar-
ing session highlights the diversity of
habitats within the schoolyard.

Despite the many compliments
from his principal, parents, and col-
leagues, William thinks that the presen-
tations are too formulaic, lacking the
excitement that motivated his use of the
student investigations in the first place.
Furthermore, he is looking for ways to
extend his students’ understanding of
ecology well beyond what they can
learn from studying their local site.

Technology Supports Inquiry-Based
Teaching and Learning
During the next three years, as William
continues to grow as a teacher, he de-
fines a clear goal to help him shape his
curriculum: He wants his students to
develop a broader and deeper under-
standing of ecology. As part of this
strategy, he enlarges the set of resources
available to students, including many
posted on the Internet. He is aided by
Karen, the educational technologist
who joined the staff two years ago
when the district replaced the role of
computer coordinator. Karen has been
working one-to-one with many of
Brookside’s teachers to co-plan lessons
and co-teach when new activities are in-
troduced on the computer (e.g., using
new software or Web resources).

Recognizing the strengths and ques-
tions that William already brought to
his teaching, Karen introduced online
curricula and resources that have helped
him construct the larger context he was
hoping to find. Two years ago, she en-
couraged William to attend a regional
National Science Teachers Association
(www.nsta.org) conference to learn
about Journey North (www.learner.
org/jnorth). He then chose to add sev-
eral of the Journey North investigations
to his existing unit, knowing that his
students would be excited to participate
with their peers across the country. In-
deed, their investigations of signs of

spring, including when tulips first
bloom and when monarch butterflies
return from Mexico, have been success-
ful. William appreciates the way his stu-
dents can generate their own questions
around each of these investigations and
analyze data from the Web site to pur-
sue their answers. He notes that several
students who had trouble understand-
ing text-based information responded
enthusiastically to more visual informa-
tion such as data displayed with maps
and graphs.

Using Internet resources, his stu-
dents compare their data and observa-
tions with those from schools around
the country. They noticed this year that
their tulips had not yet bloomed, even
though it was two weeks later than their
blooming date last year. This puzzled
the students until they noticed that no
other school in their region had yet
reported the blooming of their tulips,
either. After referring to the Accu-
Weather database, the students noted
that March was unusually cold in their
region this year, and they offered this
observation to account for the delayed
blooming. Then they began looking
at data from other regions to see if
temperature data could help them
predict when or where blooms would
be seen next.

In the past, students’ presentations
were limited to their observations and
data. Now students typically include
data collected by others as well, and
these new sources allow students to find
and describe trends in the data and
learn how to summarize and compare
data sets. Some students have devel-
oped multimedia electronic displays
that include links for downloading and
adding current information. Two stu-
dents who are following the path of an
electronically tagged eagle update their
page daily, allowing the class to make
and test predictions about where the
eagle will fly next based on their under-
standing of the bird’s migration pattern.

One event in particular helped Will-
iam gauge the growth in his effective-
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ness as a teacher. Based on their finding
that tulips were blooming later, the stu-
dents suggest that they create a local
archive to save data collected at their
school for future students to study how
local habitat changes over time. Will-
iam is pleased that many of his students
have learned to see their locally based
investigations in the context of larger
patterns—just the kind of growth in
their understanding that he had not
been able to achieve without the care-
ful application of technology.

William is also aware of changes
in the school. He notes that his col-
leagues’ talk of “surfing the ’Net” has
largely been replaced by discussions of
how students use the Internet as a tool
for supporting their investigations. He
comments to Karen about the growing
sophistication of the faculty concerning
technology, teaching, and learning.

Deepening Curriculum
with Technology
In this second part of the vignette,
William’s class is, in many ways, the
same as it was. Students are actively
involved in local investigations, build-
ing understanding through firsthand
experience. However, as a result of
William’s growth as a teacher—includ-
ing his work with Karen—his students’
questions are broader in scope, deeper,
and more reflective. This change is be-
cause of William’s evolving skill in us-
ing the numerous resources available to
the students, in helping them structure
their investigations, and in mentoring
classroom discourse.

It’s important to note that the addi-
tion of the technology has not driven
these changes in teaching and learning
but rather has supported them. The in-
vestigation of the local ecology still
grounds the students’ science learning
but is no longer confined to what they
find at the school site. Through their
use of Internet resources, students are
now able to examine ecology both spa-
tially (as they compare what lives on
their school grounds with other

schools’) and temporally (as they com-
pare temperature conditions from year
to year). In this way, the local phenom-
ena at Brookside are not isolated events.
Rather, they are part of patterns that
can be seen only by viewing the phe-
nomena within longer time periods or
as part of larger geographic areas. Stu-
dents have learned to see the phenom-
ena of spring, such as leaves budding
and the lengthening of daylight hours,
as part of a larger pattern of environ-
mental change as the
season progresses.

With the Internet,
William and his students have
access to a richer set of re-
sources than ever before. In
turn, these resources have
supported the students’
analysis of data using maps
and other displays while
also stimulating dialogues.
The integration of tech-
nology into William’s
curriculum has helped students achieve
the objectives of new state frameworks
and national standards (e.g., they can
make sense of data, engage in critical
writing and discussion, and employ a
range of reference sources).

Leading Professional Development
Looking more broadly, William’s pro-
fessionalism and strength as a teacher
grow with his understanding of effec-
tive use of technology. Over several
years, his collaboration with the school’s
educational technologist has led to
deeper inquiries and more effective in-
tegration of technology into the fabric
of the classroom.

Replacing the role of computer coor-
dinator with an educational technolo-
gist reflects significant shifts in the
school district’s views of both technol-
ogy and professional development. The
computer coordinator kept the com-
puters running, ran workshops for the
faculty, and recommended software for
purchase. In contrast, the educational
technologist is an experienced class-

room teacher whose primary responsi-
bility is the faculty’s professional devel-
opment. In this role, she works with
teachers to integrate technology into
their curricula, as Karen did in helping
William. Her work with William
and other teachers does not begin
with technology; rather, she empha-
sizes good instructional design—the
interplay of curriculum goals, assess-
ment, the needs of a specific group of
learners, instructional strategies, and

how the integration of
technology can add value
to the curriculum.

In the past, Brookside’s
students used computers
mostly for games or drill
and practice and occa-
sionally as a reference
source. The faculty’s at-
tendance at technology-
focused workshops had
little effect on classroom

practice. However, when the school and
district shifted to embedded professional
development—focusing on the teach-
ers’ own curriculum through coaching,
co-planning, and co-teaching—it made
a deep impact. Technology has become
an integral part of most classroom ac-
tivities and a powerful computational
tool and information resource for al-
most all teachers and students.

For example, Karen realized in her
one-to-one work with the fourth- and
fifth-grade teachers that they wanted to
extend the math curriculum by linking
it to investigations in their science cur-
ricula. She worked with the teachers to
identify key skills, concepts, and tools
that students required in their science
investigations to help them select data
analysis software for recording, organiz-
ing, and representing data visually and
to develop a way to introduce the soft-
ware that focused on students’ finding
meaning in the data (Grant, 2000).
Some teachers implemented these
new approaches with Karen, some
with support from each other, and
some on their own.
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ages their development of fluency
with core software applications.

Changing the expectations of teach-
ers and students required changing cer-
tain assumptions about technology:
whom it was for and how it could be
used. Rather than technology being
employed by a few “gung-ho” teachers
and students, school and district ad-
ministrators now view it as integral to
teaching and learning at all grades and
in all subjects. The result is a much
more thoroughly integrated use of tech-
nology in each classroom.

William’s own development as a
teacher was enhanced by the superin-
tendent and school board placing a pri-
ority on updating the district’s curricu-
lum and student learning goals to
reflect technology’s new role. This
change in perspective was aided by an-
other part of Karen’s work. She and her
principal advocated at the district level
for updated teacher evaluation and stu-
dent assessment procedures that would
give clear recognition to the importance
of technology integration in all subjects.

These examples—updating of dis-
trict curriculum, student learning goals,
student assessment, and teacher evalua-
tion procedures—highlight another
important role of the educational tech-
nologist. While maintaining focus on
teachers’ professional development, the
educational technologist recognizes the
importance of advocating for systemic
perspectives within the school and
district that look at the often-complex
interrelationships among the various
components of schooling. The educa-
tional technologist works with all
stakeholders—administration, faculty,
union, parents, and community
groups—to educate and to advocate
for effective use of technology to sup-
port the district’s and school’s goals.
(See Support for Districts and Schools,
this page.)

Supporting Learning Communities
Embedded professional development is
characterized by teachers learning new

Support for Districts and Schools

District and school leaders find themselves challenged
to move toward the vision captured by this article—
a vision echoed by many experts in educational
technology (CEO Forum, 1999; Milken Family
Foundation, 1998).

District and school leaders looking for resources and support may want to
investigate the innovative efforts in several districts and states funded by the
National Science Foundation, the U.S. Department
of Education, and/or local sources. Innovations have been focused on how
teachers and schools view teaching, learning, and technology, and how schools
and districts make decisions about technology and all the related educational
issues. Specific strategies include a shift to embedded professional develop-
ment, the creation of the role of the educational technologist, and the align-
ment of district resources.

Good descriptions of these strategies have resulted from the Hanau Model
Schools Project (http://modelschools.terc.edu) and Project MEET
(www.doe.
mass.edu/edtech/teacher/projectmeet/default.htm), among others. For ex-
ample, Wasser, McGillivray, and McNamara (1998); Brachwitz (1999); and
Buffington and Monroe (2000) have described the role of educational tech-
nology and its effect on schools. Clark County School District (Nevada) has
created a job description for the educational technologist (Clark County
School District, n.d.) that captures the full range of the role. In addition, ap-
proaches for professional development have been developed, and research
on effective implementation is being completed. For example, the Consor-
tium on School Networking has developed a one-day introductory workshop
(CoSN, 2000). Project MEET staff at TERC have developed a 14-month pro-
gram for assisting teachers to develop the skills needed for this role (http://
meet.terc.edu/public/TPDs/TPDs.cfm), and preliminary research on the ef-
fectiveness of this professional development program is very positive (http://
meet.terc.edu/public/research/research.cfm). Effective models for the pro-
fessional development of educational technologists are now available for dis-
tricts to use.

Telecommunications

Supporting Systemic Change
Karen exercised leadership in other
areas, too. For instance, the school’s
technology committee had focused on
hardware, software, and wires, so she
worked with Brookside’s principal to
shift the committee toward educational
issues. In its second year with Karen as
chair, the committee initiated faculty-
wide discussions that resulted in a con-
sistent introduction and use of technol-
ogy from grade to grade. Now William
can count on his incoming fourth grad-

ers to know how to use a word proces-
sor and a Web browser and can expect
many to solve common technology
glitches as they occur. The fifth-grade
teachers, in turn, have revised their
curriculum to capitalize on their in-
coming students’ skills, especially
their ability to work with software
that organizes and represents data.
Students now expect to use and en-
hance the software skills they devel-
oped each year in the context of the
next year’s curriculum, which encour-
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skills in the course of their daily work
or in the context of their own curricu-
lum. It often has both qualities, which
were illustrated in the vignette. First,
the educational technologist embedded
professional development in the daily
work of the Brookside teachers through
coaching, co-planning, and co-teach-
ing. Second, she taught a workshop on
data analysis for the fourth- and fifth-
grade teachers using their own curricu-
lum as the content. (A description of
the evolution of the role of the “build-
ing resource teacher” [Hayes, Grippe,
& Hall, 1999] may be useful as a
model for the embedded professional
development approach of the educa-
tional technologist.)

Embedded professional develop-
ment evolves as other experienced
and skillful teachers begin to coach,
co-plan, and co-teach with teammates
and other colleagues (McNamara,
Grant, & Wasser, 1998). This ap-
proach has sparked teachers to recom-
mit themselves to their own profes-
sional development and resulted in
an important shift of the school’s cul-
ture: the emergence of a professional
learning community of highly moti-
vated teachers committed to linking
technology to improved teaching and
learning practices.

Much of the literature on school im-
provement points to the importance of
schools becoming learning communi-
ties—places where teachers work to-
gether to develop and hone their skills
and learn new approaches, rather than
continue to teach in only one way
(Nave, 2000). Teachers tell us that tech-
nology has created not only new ways
to communicate but also new reasons
for people to communicate as they col-
laborate in learning and integrating
technology. These conversations are in-
creasingly more focused on substantive
issues of teaching and learning.

The creation of the role of educa-
tional technologist, the use of systemic
perspectives, and the shift to embedded
professional development are key strate-
gies to link technology to substantive

changes in teaching and learning. These
strategies for change are important for
districts and schools to consider as they
work to get optimum value from
their increasingly large investments
in technology.

Acknowledgements
The authors wish to thank Pam
Buffington, Sally Crissman, and Bill
Nave for their valuable comments
and suggestions.

References
Brachwitz, A. (1999). A dream job. Studies in
Education, no. 76 [Online serial]. Available:
www.gfsnet.org/Publications/brachwitz.htm.

Broughton, L., & Morkeski, L. (2000). Ini-
tiatives for successful technology infusion: Re-
flections of a TPD (Open lab concept improves
student learning while enhancing professional
development). onCUE [Online serial], 10(2).
Available: www.doe.mass.edu/edtech/teacher/
projectmeet/pubs/pub10.html.

Buffington, P., & Monroe, C. (2000). Sup-
porting embedded professional development
and creating cultural shifts. onCUE [Online se-
rial], 10(2). Available: www.doe.mass.edu/
edtech/teacher/projectmeet/pubs/pub8.html.

CEO Forum. (1999, February). Principles
for successful technology development. In Pro-
fessional development: A link to better learning
(pp. 17–21). Washington, DC: Author. Avail-
able: www.ceoforum.org/reports.cfm.

Consortium of School Networking. (CoSN)
(2000). New and emerging competencies for school
building–level technology champions [Online
document]. Washington, DC: Author. Avail-
able: www.cosn.org/conferences/champions/.

Clark County School District. (n.d.). Edu-
cational computing strategist performance criteria
log. Las Vegas, NV: Author. Available on request
from the Clark County School District, Aca-
demic Services.

Grant, C. M. (2000). Beyond just doing it:
Making discerning decisions about using elec-
tronic graphing tools. Learning & Leading with
Technology, 27(5), 14–17, 49.

Hayes, C., Grippe, P., & Hall, G. (1999).
Firmly planted: Building resource teacher pro-
gram puts roots of development into the school
building. Journal of Staff Development, 20(4),
17–21.

Kirkpatrick, H., & Cuban, L. (1998).
Computers make kids smarter—right?
TECHNOS Quarterly [Online serial], 7(2).
Available: www.technos.net/journal/volume7/
2cuban.htm.

McNamara, E., Grant, C. M., & Wasser,
J. D. (1998). Using technology to support systemic

education reform (Hanau Model Schools Part-
nership Project Description Research Mono-
graph) [Online document]. Cambridge, MA:
TERC. Available: http://modelschools.terc.edu/
modelschools/template/publications/pdf/
projdes.pdf.

The Milken Family Foundation Educational
Technology Project. (1998, July 10). Seven di-
mensions for gauging progress of technology in the
schools [Online document]. Santa Monica, CA:
Author. Available: www.mff.org/edtech/.

Nave, B. (2000). Among critical friends: A
study of critical friends groups in three Maine
schools. Unpublished doctoral dissertation,
Harvard University, Cambridge, MA.

Wasser, J. D., McGillivray, K., & McNamara,
E. (1998). Diary of an educational technologist.
Hands On! [Online serial], 21(2). Available:
www.terc.edu/handson/f 98/diaries.html.

Alan Feldman(Alan_
Feldman@terc.edu), PhD, is a
principal scientist and center di-
rector at TERC. His work fo-
cuses on technology integration
in K–12 schools and classrooms
and exemplary teaching and

learning practices. He has worked in schools with
teachers and instructional technology specialists
and led workshops for district and school leaders
throughout the Northeast. Dr. Feldman is the se-
nior author of the research monograph, Network
Science, A Decade Later: The Internet and
Classroom Learning (Erlbaum, 2000).

Bob Coulter (bob.coulter@
mobot.org) is director of Map-
ping the Environment, a pro-
gram at the Missouri Botanical
Garden’s Litzsinger Road Ecol-
ogy Center that supports teach-
ers’ efforts to enhance their sci-

ence curriculum through use of the Internet and
geographic information system (GIS) software.
He is also president-elect of the Math Educators
of Greater St. Louis, an affiliate of the National
Council of Teachers of Mathematics. Previously,
Bob taught elementary grades for 12 years.

Cliff Konold (konold@srri.
umass.edu) is a research associ-
ate professor at the Scientific
Reasoning Research Institute,
University of Massachusetts,
Amherst. His current research
focuses on understanding and

improving students’ abilities to reason about data.
With funding from the National Science Founda-
tion, he is heading a team building data-analysis
software for middle school students. The tool,
Tinkerplots, is structured like a construction set,
permitting students to create their own types of
plots and analyses.

Telecommunications

December/January  2000–01 Learning & Leading with Technology 47

Copyright © 2001, ISTE (International Society for Technology in
Education), 800.336.5191 (U.S. & Canada) or 541.302.2777 (Int'l),
iste@iste.org, www.iste.org. All rights reserved.


