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EXECUTIVE SUMMARY

The following report is based on a year-long
study that was conducted with a class of eighth
graders, their English and science teachers,
and the school computer supervisor at a school
in Roselle, NJ. The report is organized in four

sections. In the introduction we describe the structure
and goals of the project, and review the process of
selecting a partner school and establishing the ground-
work for the project. The second section presents the
research questions and findings, which focus on five
topics: the development, over time, of the teachers'
goals and practices and their relation to the technol-
ogy; classroom interactions among students and teach-
ers in relation to the technology; the development of
project-based activities, particularly in science; the
development of students' writing skills; and the im-
pact oflocal telecommunications on patterns ofteacher-
student interaction. The third section discusses the
technical constraints that influenced the growth of the
project. The final section outlines the teachers' initia-
tives for expanding and building upon the work of the
first year of the project.

The themes that emerged as most significant to
the students' and teachers' positive experiences of the
laptops as tools which facilitated their work include a
high level of student and teacher motivation, the role
of the teacher in facilitating and encouraging students'
active appropriation of the technology, and a steady
increase in technological competencies among the
teachers, particularly with regard to telecommunica-
tions.

The portability of the laptops and availability of
integrated tool-based software made it possible for the
science teacher to undertake long-term, collaborative
science projects with the students. This represented a
significant departure from the previous years' cur-
ricula and, as a result, students were able to gain
experience with the kinds of tasks and procedures
involved in scientific inquiry.

For the majority of the Project PULSE students,
the laptops functioned as portable "diaries" in which
they were able to keep personal and teacher-assigned
journals, write stories, and complete assignments.
Privacy, portability, and constant availability freed
students to integrate technology into personal, not
just school-based, projects. Consequently, students
wrote much more than in previous years.

Based on a holistic measure of writing scores for
a randomly selected group of students, they improved
markedly on their ability to communicate persua-
sively, organize their ideas effectively, and use a broad
vocabulary accurately.

The most significant changes that the teachers
reported regarding the impact of technology on their
practices included an ability to undertake more in-
quiry-oriented and project-based activities with stu-
dents, and the opportunity to communicate among
themselves and with their students during off-hours
through the local bulletin board system.

The local bulletin board was used actively
throughout the school year. Over a ten-week period,
there was a total of 735 logins: 63.4% of these were
students, 20.9% were teachers, and 15.6% were re-
search staff Over the course of five month, 5670
messages appeared, the majority posted by a core of
approximately 25 students, teachers, and staff out of a
total of 45 registered users.

The teachers have managed to effectively lever-
age this project as a way ofbringing other badly needed
resources into their school. Their initiatives have
produced a grant from New Jersey Bell to install
additional phone lines; a grant from JVNCNet pro-
viding no-cost access to the Internet; a grant from New
Jersey BISEC (Business Industry Science Education
Consortium) to further develop inquiry-based science
curriculum; and selection as a participating site in
TERC's'Global Laboratory, a year-long international
research and telecommunications project.
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INTRODUCTION
Sally Boyd's eighth grade English class is working on openings for mystery stories. Chris,
who is very shy about his writing, has the screen of his laptop computer tipped down
so no one can see it but him. Adrianna has passed her computer to a friend at the next
tableshe wants to know what she thinks of the opening paragraph. Cassie has taken
her computer to the teacher; she needs help finding the right words to describe the scene
she wants to set. Alrissa and Kijuana are tipping Kijuana's screen back and forth between
them, writing notes to each other. Alrissa needs to borrow a disk to save her workshe
finished her homework in the car this morning, and left her disks on the front seat.

The students in this scenario were eighth grad-
ers at Abraham Clark Jr/Sr High School in
Roselle, NJ during the 1991-1992 school year.
Together with their English and science teach-
ers, the school computer mordinator, and

researchers from the Center for Children and Tech-
nology at Pank Street College, they were the Project
PULSE team (Pupils Using Laptops in Science and
English). Project PULSE is part of the Laptops for
Education program sponsored by the Panasonic Sys-
tems and Communications Company. Using laptop
computers equipped with basic software tools, an
electronic bulletin board system, and internal mo-
dems, these students and their teachers used the com-
puters at home and at school for academic work,
personal projects, family activities, and telecommuni-
cations. For the students, this project afforded an
opportunity to take computers into their own hands
to have .- year in which tools that schools usually bolt
to tabk.s and ration out rigidly were given to them to
use as they liked. For the teachers, the project was a
chance to experiment with interdisciplinary work, to
gain experience using tool-based software in the class-
room, and to expand their classroom through tele-
communications. For the researchers, Project PULSE
was a small but fully functioning example of a class-
room with truly "personal" computers, local telecom-
munications capacities, and teachers and students
who used the laptops for schoolwork, personal projects,
and telecommunicating with each other and the "out-
side world," at home and at school, day in and day out.
The laptops became important accessories in the edu-
cational and social lives of the students and teachers for
the entire school year.

Choosing a Research Partner
This report represents a year of research at Abraham
Clark Jr/Sr High School, conducted by researchers
from the Center for Children - -1 Technology. We

used a variety of methods, including in-class observa-
tions, interviews, and projective tests, to explore the
process the teachers and students went through as they
appropriated this particular technology and integrated
it into a specific set of classroom circumstances. Our
research agenda paid particular attention to:

the teachers' evolving understanding of the role
of technology in their teaching, and of their
pedagogy in general, explored through inter-
views;

how the laptops were used in classtheir impact
on aspects of class room life including collabora-
tion, teacher-student interactions, and teaching
styles, explored through classroom observation
and analysis of field notes;

the nature of assignments given, and the quality
of student work, through collection and evalua-
tion of writing samples and lab reports;

how the availability oflocal telecommunications
affected communication among teachers and
students.

This summary of our research documents the
impact this technology has had on students' and
teachers' experiences of teaching and learning. The
project under investigation, Project PULSE, offers
only one possible design for integrating laptop tech-
nology into schoolsone which draws on the particu-
lar strengths offered by the teachers and the available
technology, and which was constrained by fiscal reali-
ties and inevitable logistical limitations. While laptop
computers offer capacities which might benefit any
community, specific implementation choices will de-
pend completely on the nature of the community in
which they are being used.

Over the summer of 1991, staff from the Center
for Children and Technology looked for a school to
use as our central research site for the Laptops for
Education project we had begun with the Panasonic
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Communications and Systems Company. Panasonic's
initiative was designed to provide hardware grants to
several schools and support focused research at one
school site. We held a nationwide search for schools to
receive the hardware grants, but our dedicated re
search site needed to be in New Jersey (the home of the
Panasonic Company, and close enough for us to reach
on at least a weekly basis).' Through our own network
of regional contacts, vie distributed a request for
proposals to schools in New Jersey, received a number
of proposals, and visited six schools early that summer.
At each school, we were interested in trying to under-
stand what role this project would take in the larger
context of the school. Would this amount of hardware
be a significant contribution to the resources of the
school, or were they already heavily endowed with
technological equipment? On the other hand, was
technology sufficiently present in the school that there
would be some base of experience to draw on, and was
there any kind of technical support available? Did the
school want to spread the limited number of machines
out over a large group of students, or focus on some
more involved project with a smaller group? Most
importantly, was the school looking for an opportu-
nity to experiment and to change, or was their goal
finding more resources to bolster practices that they
already felt were successful? The Bank Street approach
to education advocates a child-centered, inquiry-ori-
ented practice, and we were interested in collaborating
with a school that wanted to move their curriculum in
this direction.

Our priority was working in a school where an
infusion of materials, support and scrutiny would
make a difference to people who cared about change
and about improving their schools. However, the
school would have to have some capacity to support its
own endeavorsin order for school innovation to
succeed, new projects cannot depend solely on daily
intervention by external sources or on limitless techni-
cal support; as researchers, we would .support whoever
we worked with in what they wanted to do, but we
could not make change happen for them. So we were
looking for motivated teachers, long on ideas but short
on resources, who would be willing to experiment, to
make changes, and to make the most of a new oppor-
tunity.

When the three teachers from Abraham Clark Jr/
Sr School responded to our request for proposals, their
commitment, their expertise, and their desire for

change were clear. The ideas this group had for imple-
menting a laptop program at their school were very
similar to those that we thought miga.. be most
interesting to investigate. The following are excerpts
from their proposal:

[The target population will i)e] one eighth grade
class...of students that fall between the boundaries
of remediation and accelerationyour "average"
student, many of whom have limited computer
access. Two teachers: the science and English
teachers of this class. (Students will be together for
science and English and separate for other classes.)
The project will remain in grade eight for both
years. This means the teachers will be the same but
the students will change. We feel the teacher is the
primary unit of educational change and therefore
want the teachers to have two full years to refine
and revise their use of this technologically rich
environment...

In the conclusion of the proposal, they outlined
their goals for the project:

Roselle is interested in:

determining if laptops in the classroom and
home
- alter teachers' role and/or behavior;
- enhance student learning;
- change class and/or homework assignments;
- promote cooperative learning;
- affect amount and types of computer use;
- increase self-esteem;

testing telecommunications as a home/school
communication system for students, parents,
and teachers;

providing racial, ethnic, and linguistic computer
equity, making sure computers are available to
all students.

The PULSE team proposed working with one
class of students who would use the laptops as their
own; integrating the English and science curricula as
much as possible; using the computer supervisor,
Karen Warner, as a coach, advisor, and co-teacher who
would be able to support the less technologically
experienced teachers on a day-to-day basis; and using
the new technological resources to promote a more
project-based, student research-oriented kind ofteach-
ing than was common at the school. We decided to
meet with them and learn more about the school
district, the teachers involved, and their ideas about
how such a project might be implemented.

4
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At that first meeting, the teachers elaborated their
vision of the project for us. Essentially, all three
teachers expected that multipurpose software (spread-
sheets, databases, word processing, calculating,
telecommunicating) and some graphics software would
help them expand the scope of their own curricula
make projects possible that they might not otherwise
have tried, provide tools to their students that would
allow them to do more with the information that was
embedded in their present curriculum. Karen Warner,
the school computer supervisor, was both technically
knowledgeable and an experienced teachershe had
years of experience using computers creatively in the
classroom and teaching other people how to do the
same. Sally Boyd, the English teacher, had used com-
puters in a writing lab but not in the classroom, and
Marianne Monaco, the science teacher, had taught
computer literacy classes in the past but did not have
any experience using technology in her science class-
room. But both Sally and Marianne were enthusiastic;
Project PULSE would be something new for them, a
challenge that would bring new resources to their
students and keep them from "ending up in a rut."

Another important factor at that meeting was the
presence of district-wide administrative support. The
superintendent of the school district and the district
curriculum coordinator were both there for the entire
meeting, and made it clear that they would take an
active role in making such a project logistically pos-
sible. They let the teachers run the meeting and they
seemed to be genuinely anxious to support the teach-
ers and to help them make a new project happen.
When needs like a regular planning time for the team
or a new phone line in a classroom were raised, the
administrators made it clear that such things could be
"taken care of." Near the end of the meeting, the
superintendent asked if he could talk for a minute, and
simply told us that "we need this project." To him,
Project PULSE would be a sign that innovation was
going on in his school, and would serve as a positive
incentive to parents who were electing to take their
children out of the public school system in favor of
parochial education.

After that meeting, we knew that the project
design and the team of teachers involved would be
interesting to work with. There were also other aspects
of the school that made ACHS a good place to try this
project. First, the eighth grade had recently been
restructured as a school-within-a-school; this offered

both a manageable, well-defined community for this
small-scale project and increased chances of reason-
able security for the hardware. The ACHS building
houses the 8th through 12th grades, but the eighth
graders (approximately 200 students) have almost all
of their classes, and their lockers, on a single hall which
upper-class students are not allowed to enter. They
have their own class principal, and their schedule is
slightly different from the rest of the school, including
a dismissal time 15 minutes before the rest of the
school.

Another asset was the school's technical staff:
Between the two of them, Karen Warner, the com-
puter supervisor, and Palmer D'Achille, the school's
audiovisual supervisor, had experience in dealing with
almost every conceivable aspect of computer use in
schools. Palmer was the sort of long-time staff person
who becomes an invaluable part of the schoolhis
basement office was home to every broken computer
in the building, as well as sound equipment and stage
lights. Palmer oversaw the bell system, the security
systems, the phone lines, and was in-house stage
manager, computer repair person, and informal in-
structor in electronics. Palmer's presence would make
the inevitable repairs and readjustments minor stum-
bling blocks instead of major obstacles.

Karen Warner's presence was, perhaps, the single
most important factor in convincing us that ACHS
was the best school for the project. She embodied a
combination of qualities that CCT researchers had,
for some years, been referring to as "the kind of person
a school really needs to make t.__hnology integration a
success." Karen is both highly competent with mul-
tiple aspects of the technologyranging from pro-
gramming to troubleshooting to purchasingand an
experienced teacher. While we had every confidence
in the expertise and enthusiasm of the English and
science teacher, past experiences in other school col-
laborations had shown us that when teachers are
learning about and integrating new technologies into
their teaching, they need more than technical assis-
tance (Moeller, Reich, & Bell, 1991; Brunner, 1990,
1992). Someone like Karen, while able to do the
important work of a resident troubleshooter and tech-
nical consultant, was also able to work with the
teachers as another experienced teacher. She played an
important bridging role, helping these teachers to fit
together their areas of expertise and their new techno-
logical skills, and guiding them toward valuable re-

5
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sources and practices as the project developed.
All of these factors led to our choice of Abraham

Clark Jr/Sr High School as the dedicated research site
for the Laptops for Education program. We met with
the PULSE team again in July, bringing each teacher
a computer and a printer to experiment with over the
summer. The teachers also received accounts on a
regional educational telecommunications network
(WNET's Learning Link), and began familiarizing
themselves with the conventions oftelecommunicating.
At that second meeting we began to make detailed
plans for security, scheduling, and logistics that would,
we hoped, make the always-difficult first yea: with a
new technology as productive as possible.

A Closer Look at ACHS
Abraham Clark Jr/Sr High School is an 8- through -12
grade public school in Roselle, New Jersey. The stu-
dent body is more than 65% African-American and
about 85% of the students overall are people of color.
33% of the teachers are African-American; 2% are
Hispanic, and 65% are Caucasian. The school popu-
lation has shrunk in recent years as increasing numbers
of families choose to send their children into the
parochial system. In many years, including 1991-92,
the first year of Project PULSE, the -riability of the
school's budget has been in question_ for the entire
school year, as local, state and federal funds fade in and
out of reach. Roselle embodies the just-barely-middle-
class public school system which is not destitute
enough to receive special funding, and is left to survive
primarily on property taxes alone.

The teacher's union is strong at ACHS, and
relations with the school board are often strained.
ACHS teachers worked the entire 1991-92 school
year without a contract as negotiations dragged on and
then eventually stalled, pending the passage of a new
budget in June. In protest, the teacher's union insti-
tuted a work action which was in place from the third
week of school until the end of the year, and teachers
worked only their contractually obligatory hours.
Consequently, parent conferences were held during
school hours, and teachers who wished to have any
further contact with parents or students had to do so
from their homes.

ACHS was seen bi the teachers we came in
contact with as "laissez-faire" territoryif you choose
to innovate, if you choose to experiment, you would

most likely be free to do so, or even encouraged. But
teachers did not seem to expect anything more than
business as usual from their administration. The prin-
cipal of ACHS was ill and absent from the school for
the majority of the school year. The superintendent of
the district visits the school regularly and works hard
to keep the entire population of Roselle from transfer-
ring their children into parochial schools. Teachers
who need anything out of the ordinaryto have a
field trip approved less than sixty days in advance, or
a phone line added to a classroomsometimes appeal
directly to the superintendent, as the district is small
and no one else but the absent school principal can
override standard rules and regulations.

Most of the Project PULSE students lived with
middle-class parents who held service jobsgrocery
store cashiers, taxi dispatchers, school secretaries.
Teachers also spoke frequently about kids in foster
homes, kids living with grandparents, kids bounced
from relative to relative, and with some regularity
about this one who was caught selling drugs, that one
who had a knife in his locker. Our experience of
Roselle was of a community walking a fine line of
stability, with jobs, good housing, and active families
out weighing the drug economy, gangs, and unem-
ployment at least for now. The parents of one PULSE
student were both working in September, one in
construction and one as a secretary; in February, both
were unemployed and spending all their time out
looking for work.

Among the Project PULSE students, social divi-
sions and cosmetic differences were surprisingly diffi-
cult to observe. Social groups were not strictly segre-
gated, and many students from all racial backgrounds
followed styles of dress drawn from current African-
American pop culture icons. The project researcher
rarely heard students speak openly about racism within
their immediate communityafter an incident dur-
ing the Ofing in which a high school girl had a
confrontation with the owner of a local deli who had
accused her of shoplifting, students (unlike the teach-
ers) did not speculate openly about racial motivations,
even though several similar, and race-related, inci-
dents had occurred recently in surrounding towns and
been well publicized.

Academic tracking and standardized testing play a
considerable role in the academic program at ACHS.
The school uses an academic tracking system of four
"levels," meant to correspond to academic potential,

6
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to place students for every subject. Academic tracking
is based on scores on the High School Proficiency Test
or, for the eighth grade, a "pre-HSPT" called the Early
Warning Test. These tests are the state's standard
measures. Students also take the California Aptitude
Tests, and their final exams are all mandated to be at
least half multiple choice. In the classes we observed,
"prepping" for these tests took up several weeks ofclass
timewhile they are not looked to as the center of the
curriculum, they ay: considered significant enough
and different enough from the content of the rest of
the school year, to warrant special training for several
weeks.

Getting Started
During the planning stage, our vision of the project
was dominated by several issues we assumed would be
important to the success of the project. These con-
cerns were behind many of the decisions that went
into the initial structure of Project PULSE. The first
was security. Both the teachers and the researchers
heard some dubious reactions when they described the
project to family and friends that summer. Comments
like "You're giving the computers to WHO? They're
going to take them WHERE?" and "Well, it'll be a
quick project. Those computers will disappear in the
first two weeks" suggest the kind ofless-than-optimis-
tic commentary offered by casual observers. In con-
trast, we all shared a belief that students are likely to be
as responsible as you expect them to be, and we
expected that these students would want to succeed at
the responsibilities of "owning" a computer. Beyond
that shared belief, we simply didn't know what would
happen. Consequently, we felt it was important to
help the students by providing complete security for
their computers during the times when they would
not be using them. The teachers felt, for example, that
students could not be expected to be responsible for
the computers in the gym or the cafeteria, where they
would be together with the older students and not as
carefully supervised as in class. They also felt that
expecting students to keep the computers in their
lockers was asking for trouble. Additionally, we needed
a secure but accessible place to house the other project
hardwarea 386 Panasonic PC that was intended for
desktop publishing, etc., a laser printer, and a PC
which ran the local bulletin board. Other practical or
technical needs included a shared classroom for En-

glish and science classes, multiple power sources for
recharging batteries, and room for printers that would
be accessible to students.

After much discussion and several requests to
administrators, we ended up with an arrangement
which turned out to serve the project extremely well.
The English and science teachers shared a large class-
room with enough space in the back for printers to be
set up for student use. Power strips were installed
along both side walls of the room, and were directly
accessible from four of the seven lab tables that stu-
dents sat at. A walk-in closet attached to the room was
fitted with a new lock, and had plenty ofshelfspace for
storing laptops. A former copying room, down the
hall, aecame the "server room." It housed the periph-
eral hardware, and served as a meeting space, interview
room, and work station for the project (see Figures 1
and 2).

The project was designed to operate indepen-
dently from the existing technology resources of the
school. ACHS has several writing labs and business
classrooms with computers, and a computer lab in the
basement where programming and "introduction to
computers" are taught, and teachers bring classes of
students for computer-assisted instruction from time
to time. Computers range from Apple Its to Tandys to
386 DOS-based PCs. Additionally, while only these
twenty five students had laptop computers "of their
own," which they were responsible for on a day to day
basis all year, at the outset of the project it was clear
that as occasions arose, extra computers might be used
in other settings, with other students. So while the
particular pattern of corn puter use was unique to these
twenty-five students and three teachers, use of the
laptops was not restricted to Project PULSE.

Although we wanted the computers to be available
for flexible use in the school, we were careful to
establish a shared understanding among teachers and
researchers that our resources were limited and the
focus of our research was a small group of students and
teachers who made up Project PULSE. For example,
we did not talk at length with the teachers about their
other teaching responsibilities. And apart from having
been specially scheduled so that they had English and
science class together, the students involved in this
project had normal schedules; and we had no involve-
ment with their other classes. Although the PULSE
teachers' schedules were specially designed so that they
had a planning period together every day, their
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Figure 2
Eighth Grade I lall, Abraltain Clark Jr/Sr 1.1igh School, Roselle, New jersey
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workload and responsibilities were otherwise the same
as they would have been without the project. Besides
their teaching schedules, each one of them had other
significant responsibilities in the life of the school;
Karen, as supervisor for computer instruction, was
busy reviewing and beginning to redesign the school's
computer curriculum; Sally, the English teacher, was
the Senior Class Advisor; and Marianne, the science
teacher, advised, edited, and raised funds for the
school yearbook.

A final concern was facilitating collaboration
among the three PULSE teachers. While there was
much less that could be done about this issue during
this early stage, promoting science/English collabora-
tion and cross-disciplinary w^- k was a priority of the
project and was on everyone's mind during these
weeks of planning. Sally and Marianne both knew that
there was a certain amount of curriculum thr: they
would have to cover in the course of the year, and while
we spent some time coming up with possible new
collaborative projects that might take place during the
year, both teachers were focusing primarily on smaller-
scale cooperation. At the same time, both teachers
knew that they would need a good deal of time to
simply get the basics in plac:.---to teach the students
how to use the software, to teach them to
telecommunicate, and to discover a routine for using
the computers in class.

Scheduling needs were worked out in detail, and
the administration helped to arrange schedules that
would help the project work. Science was first period;
second period most PULSE students had gym and
could be pulled out for interviews or projects when
necessary; fourth period was English; fifth period was
eighth grade lunch, so the PULSE class could take a
double period (English/lunch) when necessary. Fifth
period was a mutual planning period that all three
teachers used on a daily basis. We planned that the
research assistant would visit the school once a week,
observing classes, conducting interviews, providing

technical support, and reviewing and planning the
course of the project with the teachers.

This kind of planning continued through the first
few weeks of the school year. The PULSE class had
been told that they were going to be using laptop
computers, but the computers were still waiting in
boxes in the closet off of room 208 (the shared science/
English classroom). During the first week of October,
the teachers scheduled a Parent's Night for Project
PULSE. That day they brought out the computers for
a period. The class learned how to turn them on, and
how to load a word processor, and wrote short notes to
their parents. Then they packed the computers away
again, this time in carrying cases, with the understand-
ing that as long as they brought a parent to the meeting
that night, they could take home a computer.

That night, the teachers came early and deco-
rated room 208 with balloons and crepe paper, and set
the computers out on the tables, with a balloon tied to
each one. All twenty-five students came, each with at
least one parent and many with grandparents and
siblings as well. The room was overflowing. Parents
met the project director and the research assistant
from CCT and the project liaison from Panasonic; the
school superintendent was there as well. Karen an-
swered pax ents' questions, a videotape introducing the
kind of research done by CCT was shown, and parents
and students signed contracts out lining the responsi-
bilities the students were taking on. Then students
demonstrated their new machines to their parents.
Many students loaded up the message they had writ-
ten earlier in the day - one started working on a story
while his mother talked with a teacher. Although one
or two students and some parents seemed reserved or
detached, most of the students seemed enthusiastic,
proud and eager to become more familiar with the
machines. "Can you believe they all came?" Karen said
at the end of the evening. "Every single one of them
had someone here. That never happens."
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RESEARCH FINDINGS

We anticipated that what the laptops had
to offer was support for changing cir-
cumstancea set of tools, made avail-
able to teachers and students in such a
way that teachers could reasonably ex-

pand the field of inquiry into areas that were previ-
ously, practically speaking, logistically unreachable.
Authentic and in-depth data collection, extended
writing and revision processes, collaborative writing
and data analysis, for example, would become real
possibilities as logistical and practical obstacles were
cleared away by the presence of the laptops. And in
turn, as those new projects became real, they would
affect teaching practices, student performance, and
classroom dynamics, leading to new ideas and new
projects.

What was most important about the laptop tech-
nologywhat it offered to this projectwere its
generic strengths, not a particular content. The ca-
pacities of these computers were all consonant with
skills that students already hadwriting, editing,
graphing, calculatingas opposed to bringing new
mediums for presentation or practice (i.e., multime-
dia systems for making presentations, CD-ROM for
research, HyperCard for programming, or computer
assisted instruction for drills). The questions raised by
this project are not so much questions about the
impact of particular tools internal to the technology,
but rather what happens when computers as whole
objects are removed from the constraints typically
associated with their use. How is student work af-
fected when, rather than doing lab work one day in a
science room ..,nd data entry and analysis another day
in the computer lab, computers are running on each
table during the experiment? How are teachers' inter-
actions with students during the writing process af-
fected when students "own" their computers, and are
able to work with the computer in their lap, or with the
screen turned down, or wit.h a screen passed back and
forth between students or passed around the room?
How do two eighth grade boys and two eighth grade
girls with four computers available on their lab table
negotiate a group project that involves collecting and
analyzing data in a single spreadsheet?

The features of this project that make it unique are
student ownership of the technology, the portability
of the machines, and telecommunications capacities.

These inherent characteristics of the project design
interact with our central research topicsstudent
learning, teachers' teaching, and the nature of teacher-
student relationships. The goal of our data collection
and analysis was to better understand patterns of
influence and interaction among the design variables
unique to this project and changes in student, teacher,
and family educational practices.

Teacher Interviews
Methodology
There are a number of studies that suggest that the
ways in which teachers adopt innovations is directly
related to their underlying pedagogical goals and
beliefs (e.g., Clark &Peterson, 1986; Shavelson, 1983;
Shavelson & Stem, 1981; Shulman, 1987). More
recently, this inquiry has been extended to look at the
ways in which teachers' pedagogical goals have an
impact on their adoption and use of computer-based
technologies (Honey & Moeller, 1990). This research
demonstrated that there is a relationship between
teachers' educational goals and objectives and the
ways in which they integrate computer-based tech-
nologies into their on-going classroom practices. Teach-
ers who succeed at making computers an integral part
of their curricula tend to be highly motivated indi-
viduals, who are interested in continuing to grow and
develop as professionals, and are willing and eager to
learn from their students. They embrace pedagogical
practices that are student-centered and progressive in
nature, and they believe that student learning should
be inquiry-based and relevant to the real problems and
challenges that today's students face.

At the outset of our collaboration with the Project
PULSE team we had a good idea that we were dealing
with agroup of teachers who were innovative, talented
and, motivated individuals. Nevertheless, we wanted
to learn more about their pedagogical beliefs and
practices. In particular, we wanted to explore how
these teachers' beliefs might be related to the ways in
which they would make use of the laptops as an
integral part of their curriculum, and how their beliefs
and attitudes might change over the course of the
project.

We used a standard interview protocol developed
at the Center for Children and Technology to inves-
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tigate the relationship between teachers' classroom
practices and educational objectives and the ways in
which they choose to integrate and deploy technology
as part of their curricula (Honey & Moeller, 1990).
Although the central focus of this component of the
research was on the two classroom teachers, we inter-
viewed Karen Warner, the Project PULSE coordina-
tor, as well. Karen had received her Master's degree
from Bank Street College and we knew that she shared
many of Ban k S treet's views on integrating technology
into the curriculum. Although Karen was not directly
responsible for teaching the PULSE students, she
played a central role in shaping the overall design and
implementation of the project.

The interviews were in-depth in nature and cov-
ered the history of each teacher's involvement with
teaching, the practices they employ in their teaching,
the nature of the subject matter they teach, their
experience with and attitudes toward technology, and
their goals and expectations for the laptop project. We
analyzed the interview data thematically and descrip-
tively, paying particular attention to the issues most
relevant to our understanding of the PULSE Project:
the ways in which teachers characterize their practices,
goals and objectives, and their expectations for the
technology that would be part of Project PULSE.

Findings

Educational Practices
Initial interviews
At the outset of the project the teachers shared a

basic belief in the importance of getting their students
to think for themselves. They were not interested in
students parroting back information to them, but
wanted students to be able to reason, conjecture, and
think critically. However, the talchers differed in
terms of what they discussed as educational goals and
objectives for their students and their teaching.

In her first interview, Sally Boyd, the English
teacher, described her pedagogy as focusing on two
principal issues. The first was the theme ofresponsibi I-
ityshe wanted her students to know that they were
accountable to her and were responsible for complet-
ing the assignments she gave to them. When asked to
describe her goals and objectives for a typical day in her
classroom, Sally said:

I like to come and review the homework, what it
was. I might ask them a few pop questions about it,

or we might just discuss it. I want them to know
that if they have a reading assignment, for instance,
that if I don't ask them to write something, it
doesn't mean that I'm not going to check up
whether they did it. And after we've done a little
pop question, then we might do a do-now type of
situation where they might write a paragraph...

The second theme in Sally's teaching was the
importance of having her students write and think
about real-world issues. Sally believes that her students
have a responsibility to know what is happening in the
world around them, and part of what she attempts to
do in her teaching is bring the world of current events
into the classroom.

I will give a lot of lessons within what we're doing,
and try to make it relate to what is happening
around us. I remember as a high school student,
myself, I can remember the frustration of my
senior history teacher, that he didn't know any-
thing that was happening in the world around us.
And nowadays, you really do need to know, I mean
the world is just so much smaller, more so even
than when I grew up, you've got to know what's
happening.

Marianne, in contrast, talked less about the spe-
cific tasks she wanted students to accomplish and
more about setting the tone and feel of her classroom.
Her educational goals centered around creating an
atmosphere in which students would feel comfortable
learning from one another and from their teachers.
She spoke about students developing positive feelings
about themselves and their peers.

I would hope that every student would come into
my classroom feeling comfortable; they would
have a sense of learning not only from me but from
each other; they would know that their education
was important to me; and that I'm the kind of
person who wants them to respect each other and
grow as human beings in addition to maybe learn-
ing about science or learning about family life, I
want - r would hope they come away with feeling
good, about themselves, and "I accomplished this
today," and they can learn from each other and
learn from me, and we can all Irani from each
other, and I can learn from them, too.

Karen spoke about her goals and objectives for the
computer literacy and programming classes she teaches.
Karen views herself as a facilitator whose focus is on
helping students use the computer as a tool in a range
of everyday circumstances.

In the computer literacy course my goal is just that
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the students view the computer as a tool and are
able to use it as a tool in their everyday life. And the
PASCAL course, it would be that they come away
with an appreciation and a certain sense of achieve-
ment in programming. And some of them will
pursue the AP exam on their own. So as much help
as I can give them toward that, that would be my
goal that I can provide them with as much
preparedness as possible within the scope of that
class.

Follow-up interviews
In our end-of-the-year conversations with the

teachers slightly different issues emerged. Sally's focus
shifted from an emphasis on helping students learn
about responsibility and delivering relevant content to
them, to creating a climate in which students can more
directlyvoice their concerns and interests in relation to
the material being studied. Her stated objective in the
follow-up interview was to keep students interested
and motivated:

Now more than ever I realize that variety is impor-
tant, and that you've got to get the kids involved in
a way that they have some input into it. It has to be
of some importance to them. And if it isn't then
they're not going to go for it much at all. And you
really have to gear your teaching toward finding
things that are going to be of interest to them. And
that the teacher is net the person just up there
giving information out to the students...

Marianne, in her follow-up interview, painted a
more specific and detailed portrait of her educational
goals and objectives, this time focusing on collabora-
tive, group based workprocesses that she had stressed
in her teaching throughout the year.

I want the kids to be involved in some kind of
project, and I like them to see that there's some
kind of connection between what we're doing and
the real world, although I'm not really sure that
happens all the time, but my ideal would be that
they're working on some kind of project in small
groups and there's interaction between them, there's
interaction between each other, there's interaction
between me and individual students as well as
groups, and hopefully we all come to some kind of
conclusion together. And I learn from them and
they learn from me, and each other.

Karen spoke most directly about changes in her
thinking regarding how students learnchanges that
centered on having students do more in-depth, project-
based work.

I don't know if it was just the course of this year or
an evolution, but I think that one thing would have
to be "less is more." Not trying to cramI always
used to feel a compulsion to cram in as much as I
could, and get them out of there knowing every-
thing, and you really end up with students walking
out knowing not much of anything. So that's why
I really like the project approach, the real world
oriented projects; so maybe you can say oh, I didn't
do forty seven thousand projects this year, but I did
one project that was really done in depth and all
facets were explored and kids really understood
what they were doing and how to picture "you
know I am doing this, and I'm collecting data for
this project, and I found out things and I really
learned something by discovering it on my own."
I'd have to say that's the main change in my
approach, less is more.

Technology-Based Goals and Objectives

Initial interviews
At the outset of the project, Sally (the English

teacher) talked about the challenge that Project PULSE
represented to her as a professional and the challenge
she hoped it would bring to her students. In particular,
the laptop project signified an occasion in which she
could help her students develop and refine their writ-
ing skills. Previously, word-processing was an isolated
activity which she taught to full classes, for full peri-
ods, in separate "writing lab" classes, as distinct from
regular English classes. In contrast, word processing
was now one of the full range of activities which any
number of her students could engage in, during En-
glish class, for any amount of time, according to her
direction or at their own discretion. Consequently,
writing was a fluid part of the activity of the classroom,
particularly during periods which were devoted to
independent work on a number of different projects
(which occurred frequently).

First of all I want them to feel comfortable using
the computer. And for them to enjoy writing more
through the use of the computer. And to enjoy it
because they'll become better at it... being a be-
liever in the writing processediting and then
revisingit's just going to be so much easier for
them on this computer. And for them to realize
that a good writer doesn't just write one draft, with
this you're going to be able to make revisions
throughout. I think this is going to be fun for them.

Marianne (the science teacher) emphasized the
ways in which the laptop project could support stu-
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dents in independent inquiry and experimentation.
She stressed the tool-based aspects of computer and
the ways in which the technology could support data
collection and analysis processes.

I'd like them to be able to think, which is some-
thing that you might think that's what education's
all about, or at least it should be about, but a lot of
times the kids come up here and they just - they
don't have the resources to actually learn or know
how to think or to solve a problem, or how to
attack it. I'm hoping that the laptops will help us
do that. Show the kids that this is a tool that will
help you in analyzing something, what happens if,
and make them better scientists, better detectives,
data-gatherers, a tool that they can use in every
aspect of my science room. Hopefully. You know,
they do an experiment, all their data can be re-
corded on the computer, they can share it with
each other, I hope that's what's going to happen.

As the PULSE project director, Karen discussed
the impact the project would have on several different
constituencies.

I think it's a project that is going to enhance the
esteem of a number of groups. It's prestigious for
the district to have such a project... I think
everybody's excited about this, that we have this
chance. So that's the first level. I think it's very
good for all the staff that are directly involved,
myself included, its like a little transfusion of
something good happening. Marianne and Sally
feel that as well. And most important, I think it's
a great great thing for the kids and their families. I
think that they all feel privileged to have these
laptops, and not only the laptops but they know
that it's a research project as well. So that they are
there, on the cutting edge, that they are doing it
and they're being looked at. So what they're doing
is important.

Follow-up interviews
For all three teachers, the goals and objectives they

set for the technology were effectively realized. For
Sally, the fact that the computers were portable and
the students were able to work on them at home made
a world of difference in students' written work. Not
only were her students keeping pace with technologi-
cal change, but they were able to use the technology as
a tool to improve performance.

I emphasize how fortunate we were that they got to
take it home, in that because they were at home,
they were able to write more, and they were able to

revise and edit much easier, I mean I'm a big
advocate of revising and editing through the com-
puter. It's just a different ball game when com-
pared to doing it on paper, you can just do so much
of that. So I'd advocate, it really helps them im-
prove their writing...I would say we're trying to get
them more attuned to what's happening in the
world around them when they get out, as far as the
telecommunicating goes, too. I really do feel that
this is going to be taking place all over...

In her follow-up interview, Marianne talked with
enthusiasm about the ways in which the technology
helped to facilitate and foster the inquiry- and re-
search-based tasks that she had wanted students to
undertake.

I just loved how the kids, it really became like a real
research project, when we were working on the
seeds, when we were working on the Plastics
Project, it was legitimate. As opposed to just read-
ing about some thing, and doing a bulletin board
on it or whatever, they were doing real research.
And ti he computer facilitated that. And I think that
was the best part for me. The most exciting part for
sure. I wishyou know, I'm dying to find more
things. Doing something, finding out what's go-
ing on, sharing your information with other people,
getting information from other 1 ole, what's
going on in other parts of the country, dust the kids,
when we were doing the plastics project, just that
they were so involved. All those phone calls, find-
ing out where our local landfills are, it's real, it's
reality. That was the best part for me.

Karen discussed an aspect of the project that had
an unanticipated effecttelecommunications and its
impact on student-teacher relationships.

Earlier I said that I was really impressed and would
not have anticipated, didn't have in my thoughts
the effect the [local] telecommunications would
have on teacher-student relationships. It was a
level of intimacy that either doesn't have the right
setting or doesn't have enough time to develop in
the classroom but did develop this way. It was a
two -way relationship, not just student-to-teacher
or teacher-to-student but a real two-way street. I
think that was the most surprising thing to me that
happ,ned. It was also affirming to see "computer
as a tool" happen, to see that yes, that it is the way
to go and yes, that will happen if the kids have the
resources. And I personally just felt very good
giving these kids that chance. I c -ally think that this
project will have a long term effect on these stu-
dents.
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Discussion
The particular themes that Sally, Marianne and Karen
emphasize in these year-end conversations reflect an
orientation toward teaching and learning that was
present at the start of the project. And, their pedagogi-
cal goals and objectives were inherent elements of the
ways in which each teacher chose to deploy the tech-
nology in their classrooms.

Sally's commitment to student-centered teaching
is reaffirmed in her acknowledgment of the impor-
tance of allowing students to express their own con-
cerns and interests in relation to the curriculum. Many
of the activities that students did in her class spoke to
this. In Sally's class, the laptops were tools that helped
students express and reflect upon their own thinking
and ideas. For example, one of Sally's favorite activities
was to have the students write "summary and re-
sponse" pieces. After reading a section of a story,
students were expected to summarize what they had
read, and describe their thoughts and feelings in
relation to the piece. The laptops also supported group
writing projects in which students engaged with the
kinds of "real-world" issues Sally felt were in e:_-rtant
for them to address in their writing. On one occasion,
groups of students wrote letters to the governor about
homelessness, first brainstorming on their own com-
puters and then developing their ideas into a single,
group-composed letter. Also, as she had hoped, the
project was also an opportunity for Sally to grow and
develop professionally. Through both face to face
meetings and telecommunications exchanges with the
PULSE team, Sally was able to build on and solidify
relationships which were beneficial to her profession-
ally and personally.

So the telecomrnunicating was just another part of
me growing. And also, its been part of something
I've done a lot more in the last five years than in the
past; I've made choices of who I wanted to spend
time with, as far as interesting people, and other
people who are interested in growing. Such as
Karen. And such as Marianne. So it makes a big
difference when you seek out and listen to people
who are interested in growing and developing, like
you are.

The hopes Marianne expressed at the beginning of
the year about doing more project-based work were
realized, and she used the particular strengths of the
technology to make this kind of work possible.
Marianne concentrated on using the computer as a

tool for research, data collection, data analysis, and
descriptive writing. In relation to this kind of work,
the laptops became central to group interaction, and
were a fluid medium for sharing information. In
addition, Marianne used the technology to facilitate
the kind of classroom atmosphere that she valued; she
encouraged students to feel good about their develop-
ing technological expertise.

Karen's outlook on the relationship between tech-
nology use and pedagogy was an influential part of
Sally and Marianne's experience. Most importantly,
Karen was able to provide both technicalandpedagogi-
cal support. For example, when Marianne decided it
was time to introduce the students to spreadsheets, she
asked Karen to lead the class for a day. In this way,
Marianne was free to concentrate on the substance of
the project with out having to worry about overcom-
ing a new set of technical hurdles. Karen also located
relevant software and other resources, partnerships
with other institutions, workshops, and tet,--ommu-
nications projects that would be responsive to Sally
and Marianne's priorities. For example, Karen helped
Sally through all the phases ofseveral writing exchange
projectsfinding out about projects, uploading and
downloading text, compiling the final productus-
ing both their local bulletin board and the Learning
Link network. Karen was also able to bring additional
resources into the project; for example, at Karen's
request, Microsoft provided twenty-five copies of
Works for student use, a 30-user LAN version of Works
for school staff; Works for Windows and Publisher,
through Princeton's JVNCNet she acqui red an Internet
connection for the school and advanced training for
the teachers; and she initiated the team's participation
in a number of regional conferences and workshops.

In the post-interviews, each teacher reflected
with satisfaction on the impact of a year of intense
tearn,..ork on their own personal and professional
development. In addition to their personal compat-

and their consistent willingness to share respon-
sibility, remain flexible, and support each other in new
efforts, each teacher recognized that there were prac-
tical factors that made their collaboration, and conse-
quently the project as a whole, a success. Most impor-
tant among these practical factors were regular plan-
ning time during the day to meet, plan, and work
together, and the ability to communicate through the
local bulletin board.
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Classroom Observations
Methodology
Through careful observation and note-taking in class-
rooms, a wide variety of practices, discourses and
relationships can be documented, and over time,
patterns and developments can be established. Regu-
lar, detailed and systematic classroom observation by
a participant-observer was a central part of the data-
gathering process. The project research assistant vis-
ited ACHS on a weekly basis and attended both the
science and English classes and held a meeting with the
teachers. In addition, she had one period each visit
devoted to meeting with Karen Warner, the computer
supervisor. During the class period she kept careful
track of the role that the teacher was playing, the
nature of the teacher's interactions with the students,
the students' interactions with one another and with
the teacher, the ways in which the students and teacher
used the laptops, technical problems that arose, and
the overall tone and atmosphere of the classroom. The
researcher entered her observation notes into a data
analysis program and coded the data along seven
dimensions. Each dimension was coded either posi-
tively or negatively.

These dimensions have been developed at the
Center for Children and Technology for use in school-
based technology research projects, and are intended
to reflect certain processes, interactions and issues that
we expected, based on previous work (Hadley &
Sheingold, in press; Brunner, 1990, 1992; Honey &
Moeller, 1990), to figure prominendy in the imple-
mentation of a new technology-rich program in a
school setting. Once a particular set of observations is
coded thematically, the relative prominence ofvarious
themes or combinations of themes and the particular
character of the incidents and interactions which were
incorporated into each theme, help researchers iden-
tify patterns of development and interaction that
occur during the implementation of innovative school-
based technology projects. The seven themes used in
the coding process were:

Making Things Work, i.e.:

Positive: Are the technical and logistical as-
pects of the program working smoothly? Are
students and/or teachers able to respond to
obstacles (faulty batteries, unfamiliar software)
with a minimum of disruption or frustration?

Are the time and space necessary for interac-
tion and collaboration available? Are decision-
making routines clear?

Negative: Do logistical obstacles (i.e., lack of
time, lack of space) impede the development
of new activities or projects? Do technical
breakdowns or complications cause delay or
disruption of student and/or teacher activi-
ties? Do space or time limitations discourage
interaction and collaboration? Are lines of
communication inefficient?

Student Collaboration, i.e.:

Positive: Do students share information and
ideas, work in groups, ask each other for
assistance? Do teachers help students address
group conflicts openly and productively? Are
goals and expectations for group work clear to
students?

Negative: Do students avoid sharing informa-
tion and ideas, isolate group members or limit
interaction? Do teachers avoid or ignore inter-
personal conflicts in work groups? Are goals
for group projects poorly defined?

Teacher Collaboration, i.e.:

Positive: Do teachers ask each other for help
and advice? Do they make an effort to create
shared curriculum, or to do joint projects?
Once it is given, do they act on each others'
advice?

Negative: Do teachers duplicate effort due to
poor communication? Do individuals consis-
tently defer to other individuals, or take charge
unilaterally?

Role of Teacher, i.e.:

Positive: What part does the teacher play in
the. classroom? Does the teacher encourage
and respond to all students in ways appropri-
ate to their needs? How does she structure her
class periods? Is she reflective and generative
when she talks about her goals and expecta-
tions for herself and her students?

Negative: Does the teacher make assumptions
about students' abilities or motivationr? Whom
does she ignore? Does she resist experimenta-
tion and change?
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Motivation

Positive: Are students responsive to academic
expectations? Do they initiate activities them-
selves? Do they take on responsibility willingly
or grudgingly? Does the technology appear to
have an impact on student attitudes about
their work and about themselves as learners?
What about the teachers?

Negative: Do students avoid certain experi-
ences? Do they express cynicism or doubts
about the relevance/comprehensibility of the
technology and/or its relation to the curricu-
lum? Do attitudes exhibited early in the year
about work and about themselves as learners
appear unchanged or worsened by the pres-
ence and use of the technology?

Know-How, i.e :

Positive: Are the teachers and students able to
incorporate the various technologies into their
activities without major disruptions? Are teach-
ers confident users and demonstrators of new
software and/or hardware? Do students take
on responsibilities for teaching and upkeep of
equipment? Who teaches whom how to oper-
ate and maintain hardware and software?

Negative: Do teachers abandon project ideas
because they feel unable to cope with the
technical requirements? Does lack of technical
knowledge impede students' progress with
activities or assignments?

Expectations of Project, i.e.:

Positive: How do teachers and students per-
ceive or interpret their relation to "the project"?
Do they have clear goals they want to accom-
plish that they feel are different from their
usual routines? Do they have realistic expecta-
tions of the project staff? Do they characterize
themselves as active participants in the project?

Negative: Do students or teachers feel bur-
dened by their idea ofwhat the project requires
of them?

Findings
Field notes collected over twenty-six school visits were
coded for occurrences of each theme. The relative

prominence of each theme as a percentage of the total
number of observations (n=478), and the ratio of
positive and negative occurrences for each theme, are
summarized in Figures 3 and 4.2

Positive Motivation was the most frequently oc-
curring theme in these observations (18.6%), fol-
lowed by positive observations of the Role of the
Teacher (15.9%) and positive Know-How (15.7%).
Making Things Work was also a prominent issue
(12.3% positive, 6.9% negative). Subcategories which
characterize the kinds of actual activities and interac-
tions that constituted each thematic area are detailed
below.

Motivation
Positive Motivation (18.6% of total observations)
represents the impact of the technology on teachers'
and students' willingness to experiment and to engage
in substantive exploration. The four subcategories
that emerged from our observations are:

Fitting the laptops smoothly into life, or taking the
technology on as one's ownthis includes ac-
tivities that reflect a sense of ownership, that the
technology is flexible and fulfills real needs (i.e.,
naming the computer, using it for personal,
non-school related activities);

Initiative, expressed as a willingness to try some-
thing new, to learn a new skill, or to take on
responsibility. This includes tasks the teachers
took on in order to expand the projectlooking
for new grant money, exploring telecommuni-
cations resources, etc.;

Doing more, because of greater access to techno-
logical capacities; students working more inten-
sively and extensively, producing more and/or
better finished products; and

Excitement, based on the novelty cf the technol-
ogy. This subcategory was common at the begin-

, ning of the project and gradually replaced with
technical know-how as the year progressed.

Negative Motivation accounted for only 2.9% of
the total observations. These observations were reuted
to student disinterest and using the computers to
avoid other activities (i.e., students writing notes or
playing games on the laptops during class).
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Subcategories Examples from Field Notes

Fitting the laptops smoothly into lsfi
ownership

0 flexibility
responsiveness to real needs

Several kids couldn't read the board, and asked for
permission to move up to the front to copy the
questions. They took their laptops with them. and
balanced them on the teacher's desk, on file ,abi-
nets, or on their laps to finish copying. [56]

She said she...woke up at 3:30 remembering that
this [lab report] was due today. So she got out her
laptop and wrote it up. I asked where she was
working, and she said she just sat in bed and wrote
it. [301]

Initiative
willingness to experiment
willingness to take on
responsibility

Marianne...got a pamphlet about a conservation
essay contest for New Jersey students, and wants
to post an assignment [on the electronic bulletin
board] to go find out about 'conservation district
programs." Sally picked up on this as a possible
new use for the 'graphic organizers" she has been
having the kids use. [153]

Doing more
working more intensively
and extensively on subject
matter
producing more and/or
better finished products

Michelle was printing out two copies of an eleven-
page long story she wrote "just because she felt like
it." ...she said she was still working on it and it
would probably get a lot longershe said she was
th in ki ng about making it into a whole book. [148]

...if there are spares available, kids in thc PASCAL
class that want to continue working at home can
take one [laptop] home if they are going straight
home after school. She said a kid who has been
doing marginal work all year has started taking
one home, and yesterday he brought in a draw
program he said he worked on for three hours,
which draws a castle. [269]

Excitement
responding to novelty
can motivate technical
know-how

The boys in back discovered that, after they had
typed "Date" or "time" at the C prompt and
entered it, they could press the right or left cursor
keys and the word would type itself out again.
They asked me why that happened and I said I
didn't knowthey we re very excited--"we' re find-
ing stuff nobody else knows!." [111]

Role of Teacher
The Positive Role of Teacher theme (15.9% of total
observations) allows the observer to keep track of the
teachers' practices, their interactions with students,
and how they shape their students' educational expe-
riences. This theme has three subcategories:

Promoting multiple roles and uses for the laptop
computers; encouraging integrated and selective
use of technology and other resources; support-
ing student access to the technologies; looking
for new resources;

Stressing supportive, responsible, collaborative re-
lationshipg encouraging personal communica-
tion among teachers and students; concern for

the social well-being of the students;
finding opportunities for them out-
side the class room; sharing decision-
making with students; stressing stu-
dent responsibility and accountabil-
ity; learning from students and other
teachers

Encouraging reflection by students,
through practices including prob-
lem-solving, group work and inter-
disciplinary work.

Negative Role of Teacher ac-
counted for 5.4% of the total obser-
vations, and was related to negative
outcomes in difficult situations in-
cluding balancing the need to con-
trol classroom activity while allow-
ing independent student work, and
responding CO (or avoiding) conflict
among students or individual stu-
dents' detachment from classroom
proceedings.

Know-How
The positive Know-How theme
(15.7% of total observations) reflects
the role that technical competence
(or lack of competence) plays in the
day to day workings of the project.
The three subcategories that emerge
here are:

Knowledge of technical issues, which
facilitates ease of use in the class-
room, and supports independent ex-

ploration of technical resources;

Ability to solve technical problems for self and
others, which includes student-teacher, student-

. student, and teacher-teacher problem-solving
and inter-reliance;

Being able to teach someone else a technical skill,
which suggests independence from constant tech-
nical support and the presence ofmultiple teach-
ing roles among teachers and students.

Negative know-how accoumed for 4.6% of the
total observations, and included frustrations or fail-
ures caused by inadequate knowledge about a techni-
cal issue and logistical complications caused by unin-
formed decision-making.
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Subcategories Examples from Field Notes

Promoting multiple roles and uses
for the laptop computers

integrated and selective use of
technology
supporting student access to
the technologies
looking for new resources

Sally had them start brainstorming, on paper, in
their table groups, about writing letters to Kenny
(the eighth grade vice-principal) about how to get
the eighth grade to be better behaved and get more
work done...[she] says she wants the kids to start
thinking about using both paper and pencil and the
computerto brainstorm and write in different
phases, and to use whatever medium is most com-
fortable for both activities. [140]

Marianne talked to the kids about the printers, and
said that she and Sally would arrange to be in the
room before and after school so they could print any
work they had for other classes. [54]

Stressing supportive, responsible,
collaborative relationships

personal communication
among teachers and students
concern for social well-being
of students
sharing decision- making with
students
stressing student responsibility
and accountability
learning from students and
other teachers

...Sally said Cassie has missed some school, and told
her once that she overslept so she just skipped the
whole day. So, S ally sa id, she sent C.7 SS le a "wake-up
call" (her words) on the PULS Esysrem encouraging
her to stay on the ball and keep up with her work.
[113]

When people asked when it was due, M said she
didn't really know, and they worked it out right
there that given the amount of work they have left
to do, it should be due on the 20th. Jamal corn-
mented that "she expects too muchthis is too
much work." [291]

Sally ar.nounced that the typing tutor disks had
come in, and asked the class how they thought they
should be distributedthey decided together that
each table should have one, and it could be signed
out for several days at a time, but if someone else at
the table wanted it the person had to bring it back.
[109]

Encouraging reflection by students
stressing student problem
solving
promoting group work
promoting interdisciplinary
work

Marianne also asked them about what problems
happened last time. They went through several and
got to the problem ofthc seed configurationsome
seeds grew up from the bottom n.nd hit other seeds.
She encouraged them to think in their groups about
how to avoid that problem. [208]

Marianne told me that she had decided to let the
groups (tables) make their own decisions about
what variables CO use in the #2 plant germination
project...she thought "it would be fun" to do it this
way, and have the kids see what happens to each
other's hypotheses. The groups are working to-
gether to come up with experiment designs. [201]

Making Things Work
Making Things Work (positive, 12.3% of observa-
tions; negative, 6.9% of observations) is the problem-
solving theme, and is concerned with the process of
identifying problems and finding solutions. Making
Things Work frequently intersects with Know-How
and -.."eacher Collaboration. It is also the theme with
the highest number of negative occurrences in this

study, and thus we have identified
subcategories for both positive and
negative occurrence.

Subcategories for positive occur-
rences are:

Time, space and moneyaddress-
ing and resolving the frequent limits
placed on resources. Answering the
question, "where do we want the
technology to be, and when, and
how will we plan what to do with it?"

Capacity of technologyanswering
the question, "can it do what we
need it to do?"

Subcategories for negative occur-
rences are:

Breakdowns of the technology and
subsequent work involved in having
hard ware repaired, or in trouble-
shooting software

Limitationsdetermining that the
technology will not able to do (or is
not available to do) what someone
wants.

Discussion
It is not surprising that Know-How
and Making Things Work are cen-
tral to the first year implementation
of a technology project, as logistical
and practical issues about space, time,
and technical knowledge crop up
frequently. The prominence of
Know-How, however, is important
in that it was usually related to posi-
tive activities or interactions. The
prevalence of the positive s'ibcatego-
ries in this theme underscores the
fact that effective group practices for

problem solving, availability of appropriate assistance
and expertise at the right time, and willingness to
explore and solve problems individually were critical
factors contributing to the project's successful imple-
mentation. Overall, the PL oject PULSE team had a
remarkably smooth introduction to a group of signifi-
cant new tools and a large number ofnew routines, any
of which could have become obstacles to less flexible,
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less organized, or less well-supported
teachers.

There are many more negative
occurrences in the Making Things
Work theme. This is largely due to
hardware breakdowns and conse-
quent hardware shortages. Several
factors ameliorated this problem,
which remained serious but did not
ultimately cause the project any ma-
jor setbacks. The computers were
under warranty for the entire school
year, which eliminated the cost of
service for repairs. Technical sup-
port was available in-house for mi-
nor repairs, so many break-downs
were short-lived. And finally, there
were enough machines not perma-
nently assigned to students that "loan-
ers" could go out to students whose
"own" machines were being repaired.

The prominence of the Role of
Teacher theme (positive and nega-
tive together constitute 21.3% of
total observations) is consistent with
findings from other school-based
research done by the Center for Chil-
dren and Technology, which suggest
that introducing new technologies
into the classroom inevitably raises
many challenges for teachers, and
can have a significant positive ;
pact on their teaching practices
(Carver, in preparation; Schofield,
Evans-Rhodes, & Huber, in prepa-
ration; Sheingold & Hadley 1990;
Rubin & Bruce, 1990, 1986). We

Subcategories Examples from Field Notes

Knowledge of technical issues
facilitates MSC of use
encourages further exploration

The problems with the printers are usually minor
and the kids are very good at trouble-shooting. Jerry
is usually overseeing other people's work and he
volunteers to finish printing jobs for people if they
need to go do something else...the printing tables
often become a very social spot, and several extra
people will be hanging around talking with and
helping the people who are working. The kids also
are very fluid with their disks, loaning each other
whatever is needed and then sorting out their disks
at the very end of the period.

As science class started, Marianne told the kids to
transfer into Works any wo rk for the lab report that
they still had in Bank Street Writer, and to print out
the first four e-ctions of the lab report to be turned
in today...Shcexplained that she would review these
to make sure that everyone was on track to get the
whole project done. [290]

Ability to solve technical problems for
seYand others

inter-reliance among students
and teachers

The kids were listening to Sally at the beginning of
the period, but also attending to loading up BSW.
Kijuana was energetically cleaning her screen and
keyboard, saying someone's been touching mind'
I saw computers being exchanged several times this
periodit's the first time I've seen it. When some-
one has a question, a norherstuden r may just say "let
me see," and trade computers, fix the problem, and
hand it back.

The girls at Kijuana's table were looking over their
journal entries while Sally talkedI saw them
cutting and pasting, and one girl explained to
another how to delete a file. Kijuana and Chris were
clearly absorbed in writing while Sally talked. [47]

At one point in class, Sally forgot how to get to the
top of a document and asked the class. A number of
kids told her "control-home" right away. [331

Being able to teach someone else a
technical skill

independence from technical
experts
multiple teaching roles for
teachers and students

Jeremy and Brandon taught the class how to use the
graphing components of Works Brandon's notes
were up on the board. I asked Jeremy about it, and
he said yes, they did that, but "he has one way and
I have another way" of explaining how to do it, so
they explained both, and some people are using
Brandon's way and some people are using his. [316]

also observed that different teachers
interpreted and orchestrated the use of technology in
different ways (Honey & Moeller, 1990). Although
Sally and Marianne stressed different specific uses of
the computers, overall they both emphasized tool-
based aspects of computer technology. They used the
computers purposefully and constructively in situa-
tions where the technology could facilitate student
work.

Overall, the themes that emerged as dominant in
this research suggest that even for experienced, well-
organized teachers using a portable, generally conve-

nient piece of technology, integrating that technology
intd'the classroom challenges their planning skills and
habits, and engenders change in their teaching styles.
These changes were sometimes quite concretefor
example, as telecommunicating fostered increased
communication among teachers and between teachers
and their students, they received more suggestions and
more feedback, which influenced them in making
specific decisions about day-to-day classroom activi-
ties. Some changes were more dynamic and less delib-
eratethe portability and privacy of the laptops, as

IS
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Subcategories Examples from Field Notes

Positive

Time space, and money
Where do we want the
technology to be, and when
and how will we plan what to
do with it?

Karen said she put in writing their request to the
powers that be that they all have the same schedules
next year, and that she cc'd it to everyone she could
think of. [339]

Since they weren't able to finish collating the data
today, M told them to try to finish tomorrow, so the
data can be sent to Kentucky tomorrow afternoon
she also suggested that they finish it either In English
( "ask Mrs. Boyd ifyou have free time if you can work
on this), or to do it at the same time as they work on
the M&M activity tomorrow. [190]

Capacity of technology
Can it do what we need it to
do?

We talked about introducing Works, or maybe
introducing the non-tcomm functions of it, through
this botany unit...M poi nted out (I think she thought
this might bother us) that since these kids don't
really know graphing at al I, that it would probably be
more meaningful to them if they graphed by hand at
first. [100]

Negative

Breakdowns of the technology
tracking and recording
equipment failure
arranging for repairs of
hardware
trouble-shooting software

Marianne told me they've begun having some hard-
ware problems. Amr and Kijuana's batteries seem to
be dead, Wesley's escape and Fl keys are stuck, Chris
has one stuck key, and the left-most curer- column
on Michelle's screen is blank. I asked the kids as a
group if anyone else was having hardware problems,
and reminded them to tell me if anything went
wrong. [53]

Limitations
determining if the technology
will be able to do what is
needed

Wesley asked if there was any way to avoid switching
disks...the kids have to switch back and forth be-
twcen their personal and program disks wh ile they're
working in Works. M said he could save his file on
his Works disk if he wanted, but that otherwise no,
there was no way around it. [274]

well as their one-to-one correspondence to the stu-
dents, affected teacher-student interactions while stu-
dents were writing. And other changes were more
broadly relevantfor example, since all students had
constant access to integrated writing/graphing/
databasing software, Marianne was able to signifi-
candy rethink her science curriculum, increasing her
focus on authentic experimentation and independent
work. These observations are consistent with other
research on the impact of technology integration on
teaching practices ( Sheingold & Hadley, 1990). The
introduction of the laptors to their classrooms and
homes offered a combination of new opportunities
and new obstacles that pushed the PULSE team's
pedagogical habits in new directions, which will be
explored later in this report.

According to the thematic analy-
sis, the only positive themes to occur
infrequently were Student and
Teacher Collaboration. This low rate
of actual acts or periods of collabora-
tion, in spite ofa number of curricu-
lar and pedagogical shifts toward
collaborative planning and learning,
is also consistent with other research
fmdings which suggest that collabo-
rative intentions and the introduc-
tion of group projects significantly
predates actual substantive collabo-
rative activity in technology-rich
classrooms (Brunner, in preparation,
1992), and that it takes a significant
period of timefive to seven years
on averagefor teachers who use
technology in the classroom to be-
come expert implementers of tech-
nology-based activities (Sheingold &
Hadley, 1990).3ThThe Project PULSE
teachers views of themselves as teach-
ers, as well as their actual practices,
did move toward a collaborative, stu-
dent-centered, project-based model,
and the technology appeared to play
a facilitating role in this regard. How-
ever, as the teachers moved in this
direction, many of the concerns and
challenges of doing collaborative
work surfaced. Meeting these chal-

lenges (i.e., allowing students to conduct their own
scientific experimentation while ensuring that they
complete the project with an increased understanding
of scientific thinking and methodology) requires the
acquisition or discovery of a number of new skills and
sensitivities. For example, teachers need to plan group
activities. and project research that can take place
within the constraints of forty-minute periods; they
need to understand and respond appropriately to the
very different levels of understanding that students
bring to inquiry-based investigations; and they must
wrestle with new questions about how to assess a
different kind of student product. A number of these
issues are detailed below in our discussion of project-
based activities.
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Project-Based Work
Over the course of the school year, students became
Increasingly involved in project-based work. The

-,nstant availability and portability of the laptops,
combined with the integrated word processing, data
collection and analysis, graphing and telecommunica-
tions capacities of the software, facilitated this devel-
opment.

Science Projects
At the beginning of the school year, Marianne had
clear beliefs about what kinds of activities were impor-
tant for students, and a great deal of experience in
finding successful ways to translate often-abstract
science concepts into meaningful experiences. How-
ever, much of the curriculum she had to cover was very
traditional materialisolated definitions and diagrams
that did not lend themselves easily to the kinds of real -
world, hands-on teaching that she preferred. In other
words, while Marianne stressed hands-on work, and
frequently devoted much of the period to independent
work, most of the material being covered was struc-
tured in short, self-contained units. Ties to real-world
experience were supplied by Marianne, and while she
did this consistently and well, the constraints of the
curriculum often made the bridges difficult to build.

The "Problem with Plastics" Project
Over the course of the year Marianne began to intro-
duce new pieces of curricul um that she had never tried
and which dealt increasingly with substantive experi-
mentation, real data, and group work among students.
The technology played a role in motivating and sup-
porting her in introducing her students to activities
like collecting authentic data (through the integrated
software package), and interpreting that data in rela-
tion to a larger research agenda. In January, students
participated in "The Problem with Plastics," a nation-
wide survey project which encouraged students to
measure their families' rate of disposal of plastic prod-
ucts. Marianne found out about "The Problem with
Plastics" on Learning Link, a regional educational
telecommunications network. Students collected data
with their families for a week, then pooled their data
and sent it to the coordinating school, in Kentucky, via
Learning Link. Completing this project required that
students work in spreadsheets, gain experience in
pooling data, and most importantly, base their work

entirely on extracting information from their own
surroundings. By monitoring family habits, taking
trips to grocery stores and comparing packaging and
unit prices, researching their community's recycling
and garbage disposal policies, and discussing their
findings in class, students were making connections
between life issues and science concepts in a way that
was new for them. In this project, telecommunica-
tions would provide an opportunity to share and
collect data that would contribute to an understand-
ing of waste and recycling issues across the country.

According to the original project design, the class
was to receive compiled data from all participating
schools with which they would compare their find-
ings. This phase of the project never came about,
because so few schools submitted complete data. Con-
sequently, some aspects of the project, especially ac-
tivities that would have stressed comparing disparate
data and drawing conclusions from it, were absent
from the process. But from Marianne's point of view,
the project was still successful, because her students
had begun to work in novel ways with real data
collected from their own environments.

Seed Germination Projects
Marianne was sufficiently encouraged by her students'
enthusiasm for this project to try a long-term (several
weeks) seed germination experiment, a kind ofproject
she had never tried before. Each student raised two
kinds of plants in plastic jars, and used prose journals
and a database of measurements to track the growth of
the plants. This project required the students to gain
a better understanding of database concepts they had
briefly covered in "The Problem with Plastics," intro-
duced them to new graphing concepts and technical
skills, and for the first time expected them to move
through the full process of constructing hypotheses,
collecting data, observing outcomes, and drawing
concluions. Between early February and late March
(while also covering oth.m- curriculum) students grew
their plants and completed lab reports summarizing
their results in prose, data, and graphs.

Encouraged again by students' engagement in this
experiment, Marianne decided to try the experiment
a second time, but with two important changes.
Students would investigate the rate of growth for
different plants in four different solutionssalt watt:,
water with fertilizer, sugar water and tap water
rather than just in tap waterand, rather than having
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each student do a complete experiment alone, stu-
dents would work in groups, with each individual
caring for a set of plants in one particular solution.
Students developed hypotheses and wrote conclusions
together, and shared data on their different plants.
During the week before the complete lab reports were
due for the final project, two students led class for a
day, reviewing with the other students how to create
their graphs in Microsoft Works. Marianne encour-
aged students to rely on each other for answers to
questions, only intervening when groups were unable
to come up with answers among themselves.

During the experiment the class designed their
spreadsheets themselves. Once they had decided to-
gether what they would look like, and brainstormed a
list of different solutions everyone would use for their
plants, they spent a period in what Marianne called
"organized confusion," setting up spreadsheets, mix-
ing solutions, deciding in their groups who would use
which solution, and beginning to formulate hypoth-
eses.

Observations began on April 13th and continued
for almost three weeks. Once the data was collected,
students asked when their reports would be due;
Marianne said "I don't really know." Together the
class worked out what they had to accomplish in the
last six weeks of school, and determined that the
reports would be due at the end of May. Marianne had
been discussing the steps of scientific inquiry with the
class, and expected full lab reports from them, with a
materials list, illustrations, complete data and all.

The teachers clearly perceived this project as dif-
fering significantly from typical styles of teaching and
evaluation at Abraham Clark. The project was diffi-
cult for both the teacher and the students. The project
was also time-intensivebecause of other activities
and curriculum that needed to be covered, students
did not complete their lab reports until a month after
they had finished collecting data. However, students
have indicated in interviews that this kind of work,
while difficult or confusing at times, is very different
from what they do in other classes and much more
interesting. As one student put it, "Ms. Monaco makes
science more interes;.:-.g than it actually is." The
technology helped Marianne to move toward goals she
had always hadof students shaping their own tasks
and taking responsibility for their own learning--and
to realize them more substantively than she had been
capable of in previous years.

Student Learning
What were students learning from this experiment?
One day, Marianne told the class that she was pleased
with the materials and procedures lists students were
writingthat they were providing lots of detail, and
that detail is important in lab reports. When we
reviewed drafts of their reports, many of the lists were
detailed and lengthyhow ever, hypotheses were, in
most cases, unclear or incomplete. In their final lab
reports, many students' hypotheses did not reflect a
coherent understanding of the question under inves-
tigation. Some hypotheses were grouped together
with conclusions as a single statement; some were
uninterpreted reports of events ("my plants did not
grow at all"); some were entirely absent. Hypotheses
like "We predict that the growth of plants will be a very
good success" indicated that students were not focus-
ing on the differences between the growth of plants
raised in different solutions. This project required that
students demonstrate an ability to construct and de-
velop their own observations, and their own conclu-
sions independent of in-class activities. Examinations
of their draft and final lab reports indicate that many
students moved successfully through the procedures
of the project without really engaging with this process
of creating and testing a hypothesis and drawing
conclusions from observations and data.

Why were these students, in the midst of carrying
out their own scientific experimentation, .inaware of
the hypotheses they were testing? The problem lies in
how unusual, i ,t unique, this kind of project was in
the educatior ,:xperiences of these students. Stu-
dents are constantly required to interpret, based on
teachers' explicit and implicit expectations, what
"counts" as valuable information in any given educa-
tional activity. Their experiences in traditional fact-
based, textbook-oriented science courses have taught
them that skills like accurate reporting and/or memo-
rization of concrete, in-class information or proce-
dures is generally what they are expected to display in
order to demonstrate mastery, not the inductive rea-
soning and observation required for this experiment.

The kind of information stressed by students in
these lab reports reflects the students' understandable
interpretations of what they experienced in class dur-
ing this project. For example, because blotter paper is
expensive and Marianne had an extremely limited
supply, she insisted that the class follow a strict proce-
dure as they cut their blotter paper, simply so that a
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minimum of the paper would be wasted. This kind of
lock-step activity, which is most likely consonant with
these students' previous experiences in science classes,
and Marianne's controlling, forceful presence during
the activity worked together to signal "This is impor-
tant. Show me that you did this right." In contrast, in
a post-project group interview, one group that had
worked together reported that they "hadn't been
listening when Marianne gave the definition of a
hypothesis," so they didn't know what it was. One
student had responded to the problem by leaving the
hypothesis out of his report, an other had asked
Marianne, who he said had told her, "it means what
you think is going to happen." Logistical restrictions
made it necessary for Marianne to devote class time to
leading and controlling the mechanics of the experi-
ment; simultaneously, she was not able to adequately
introduce her students to the style of thinking re-
quired for this projectin this case, that a hypothesis
not only "says what you think is going to happen," but
why you think it is going to happen.

This example illustrates the difficulties facing a
teacher who is just beginning a shift toward collabora-
tive group-based learning. Although this is the kind of
work Marianne values for her students, her students
have no prior knowledge of her changing expecta-
tions. The curricular changes Marianne made require
not only extra preparation in relation to content, but
extra preparation for her students; making explicit to
them the kinds of knowledge and activities that she
considers valuable, and how to work toward those
goals successfully. A teacher cannot reasonably be
expected to even anticipate, let alone gain mastery
over, this double burden (of new material and new
expectations) in a single semester.

Assessment Issues

At the end of the year, Marianne was faced with a stack
of reports, each one ten to twenty-five pages of proce-
dures, descriptions, graphs, illustrations and data.
Staring at the stack of them one afternoon, she com-
mented "I have no idea how I'm going to grade these."
We talked about that comment at a planning meeting
we held over the summer. The project was difficult to
grade for several reasons: because she had asked the
students to take on far more process, both in the
experiment itself and in the presentation of the report,
than was usually expected of them; because the stu-
dents were unaccustomed to working in groups, and

she was unsure of how that had affected their work;
and because of the discrepancies, present in every
report in different ways, between the quality of the
thought that went into the work and the quality of the
structure and presentation of the experiment. One
student, for instance, kept a detailed, scrupulous log
describing every detail of the growth of her plants, but
didn't mention anything about the rest of the plants in
the group. Another gave a complex, well-thought-out
hypothesis, but completely misconstrued the meaning
of her own graphs.

All of these issues were completely understandable
consequences of taking on a complex, involved experi-
ment, particularly for the first time. 'While in some
ways Marianne felt that the students had undoubtedly
had a great experience and been motivated by the
immediacy and authenticity of the material, she also
had a lot of anxiety about "specific stuff;" as she said
had they really learned what the parts of the plant are
called? Did they really understand what a variable was?
How could she allow them to do their own research
and maintain any kind of a structure around the
material they learned? Marianne felt strongly that
ultimately it was her responsibility to make it possible
for her students to learn what they needed to know.
This kind of experimentation gave her far less control
over making that happen.

English Projects

Story Exchanges
After having spent the previous summer acquainting
herself with telecommunications, Sally was eager to
involve her students in story exchanges as soon as they
were familiar with their computers. Story exchanges
are one of the most common educational activities
carried out over long-distance telecommunications
networks. Sally found the idea attractive because she
stresses the value of writing to real audiences as often
as poSsible. Her interest in a writing exchange matched
up with a priority shared by the teacher team, which
was a desire to create more structured activities involv-
ing the local bulletin board and long-distance tele-
communications networks. They found a partner
school in southern New Jersey through a mutual
acquaintance, and chose to build the story exchange
activity on a traditional assignmentwriting Hallow-
een stories to submit to the school literary magazine
contest. With Karen's help, Sally corresponded with
the partner teacher at the other school by giving him
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an account on the PULSE bulletin board. Every
student wrote an opening for a story and teachers at
both schools collected them on disk and exchanged
the files. Students then completed stories written by
students at the other school. PULSE students printed
out the completed stories and, after being introduced
to a simple graphics program, designed covers for
them. Additionally, the coordinating teacher from the
other school created a booklet of all of the stories
which was distributed to all the participating students.
This project was the students' first introduction to
telecommunications, and as a group they expressed a
strong interest in the process that brought them these
stories from students at an entirely different school.

Cultural Exchanges
During the second semester, Sally carried out a some-
what different kind of writing exchange. This project
involved her ninth grade classSally, more than
either Marianne or Karen, consistently tried to expose
her other, non-PULSE classes to the computers and to
telecommunications. Her ninth grade English class
participated in a regional writing exchange exploring
cultural differences among students from different
schools. In the first phase of the project, every student
wrote a brief description of themselves and their
activities, based on a set of questions provided by the
exchange. Each class was paired up with a class from
another school. Students received profiles of students
from their exchange class, and wrote a story or a poem
based on the information.

Sally found this exchange to be less successful than
the first. Three separate factors contributed to her
judgment. Two were immediate obstacles involved in
completing the project: technical difficulties (down-
loaded prose was poorly formatted and full of static,
making it hard to read) and what she felt was the poor
quality of writing of the students from the other
school. The third problem was a lack of follow-up on
the part of the organizers of the project. The project
organizers had planned on carrying out on-line discus-
sions for students about their experiences in the ex-
change, which ACHS students could not easily par-
ticipate in because their was no phone line in their
classroom, limiting their access to hands-on
telecommunicating. Additionally, a booklet of stu-
dent writing from the project which had been planned
on was never produced, which left Sally feeling that

the project had been less substantial than she had
expected.

Sally's experience raises familiar questions about
the difficulties of relying on other schools and outside
coordinators to support telecommunications projects,
as well as the advantages and difficulties of exploring
cultural difference through telecommunications. Ac-
cording to several recent research studies, the factors
that most often contribute to the success of telecom-
munications activities include planning, cooperation,
and relevant project goals (Honey & Henriquez, 1992;
Riel & Levin, 1990; Riel, 1989)factors that are
important to any shared learning activity. The kinds of
problems that Sally experienced were typical of the
obstacles that can arise when project designers do not
take these factors adequately into account. Observing
other applications of telecommunications technology
during year two should add to our understanding of
how teachers can best cope with these kinds of ob-
stacles, which are just beginning to be acknowledged
as a part of using this new tool for educational explo-
ration.

Writing Analysis

Methodology
At the beginning of the year we hypothesized that the
portability and privacy of the laptops, combined with
the word processing capabilities, would facilitate stu-
dent writing. We probed students' writing skills
through an analysis of writing samples, and students'
attitudes about writing through classroom observa-
tion and interviews. Three writing samples from seven
students were selected for analysis, representing regu-
lar English assignments given t'. roughout the year.
Assignments used included a "Greek myth" invented
by the student; a response to the question "What is
English?;" original stories; a thank-you letter; and a
letter to a friend asking the friend to quit smoking.
Samples from each student included writing done
early in the year, mid-year, and at the end of the year.

Writing samples were ordered randomly and pre-
sented without identification to two reviewers for
analysis. Reviewers used the ESL Composition Profile
(Jacobs, Zinkgraf, Wormuth, Hartfiel, & Hughey,
1981), an analytic, holistic evaluation guide intended
to help evaluators profile a writer's "success at compos-
ing or 'putting together' the main elements of written
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discourse into a connected, coherent piece of writing
that communicates effectively." (p. 31) Each writing
sample is evaluated according to five scales which are
proportionately weighted according to their relative
importance to the writer's ability to communicate
successfully (content 30%, organization 20%, vo-
cabulary 20%, language use 25%, and mechanics
5%).

Findings
Figure 5 presents a summary of the results of our
writing analysis. Overall, the largest increase in scores
occurred between trial one and trial two, and scores
improved again slightly between trial two and trial
three. At the first trial, mean scores for student writing
samples was 58.7 on a 100-point scale; the mean score
rose to 79 at the second trial, and rose again to 81.3 at
the third trial. Interrater reliability was checked (r =
.80), and scores were averaged for each writing sample,
then averaged across subjects for first, second and
third trials.

Discussion
The results reflect a growth in the overall ability of
these students to communicate effectively through
their writing. While we do not have a comparable,
non-technology-using sample, and thus cannot at-
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tribute improvements in students' writing to the tech-
nology per se, there are a number of qualitative factors
that suggest students were writing more and their
writing was improving rapidly over time.

The laptops support student writing because they
bring together two important sets of factors that both
influence students' ability and willingness to write.
First, word processing tools have been demonstrated
to support students' writing development, particu-
larly by making editing procedures less cumbersome
(Daiute, 1985, 1986). Second, the portability of the
laptops afforded the students all the flexibility and
privacy of writing with paper and pencilpersonal
work, such as writing in journals, could happen with
no risk of anyone reading drafts or works-in-progress
or private pieces, and school work could be done in
whatever environment, and at whatever time, was
necessary or most comfortable for the student. Stu-
dents could, and reported that they did, write in bed,
in the car, at the dentist's office, or at their
grandmother's house, always with full access to a word
processor and all of their work in progress. The
following quotes, drawn from student's written com-
mentary on the project, reflect these aspects of their
experience:

I use my laptop just about everywhere, for just
about everything. I even have my journal in there.
When I am mad I type on it, and become relaxed,

79

Second Trial

81.3

Third Trial
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because it seems as if I'm talking to someone.

When I am at home I use my computer to show my
family members how it works. One time I took my
computer on vacation with me to have something
to do and to show my other family members how
it works. When I'm going somewhere and know its
going to take a while, or WI just want something to
do I take my computer right along with me.

Before, I never sat down and wrote a long story or
wrote a journal, but with the laptop I do more of
that. I think it's because I've always enjoyed work-
ing with computers and now that I have one, I can
do what I've always wanted to do.

Throughout the year, many students made similar
comments about their growing confidence and enthu-
siasm about themselves as writers. The dominant
image in these and other students' comments about
their experience in Project PULSE is of the laptops as
private domains, as ever-present personal resources
that supported their self-expression largely because
they were perceived as "owned," private, and person-
ally meaningful.

Local Telecommunications
Overview of the Bulletin Board System
The Project PULSE Bulletin Board System (BBS) uses
Galacticomm 2000 software and runs off of a free-
standing (not connected to any local area network)
386 PC. The software was selected because it requires
almost no initial setup and very little maintenance by
the system operator. The software offers a number of
features, including electronic mail, SIGs (special in-
terest group spaces, or forums), classified ads, a polling
capacity, teleconferencing (the capacity to support
real-time conversation among multiple callersthe
telecommunications equivalent of a conference call),
and an information center for looking up information
on other users or data on recent system use. The system
was housed in a former copy room on the eighth grade
hall. Two phone lines were installed in the room;
during the day, one was connected to a phone for use
by the PULSE staff, and the other was connected to
the modem, and after school both phone lines were
dedicated to the BBS. The system ran all day, every
day, and was accessible by a local phone call for all
PULSE students (local phone calls are free in New
Jersey, so no cost was incurred by student families).
The BBS is open-access; any caller can establish an
account immediately the first time they call in. A

standardized log-in of "first initial, last name" was
established, and all students had passwords and un-
limited access to the BBS. The twenty-five PULSE
students, the PULSE teachers and researchers, and
roughly a dozen others (including a high school stu-
dent who worked as an assistant system operator,
another teacher, several other students, and the
Panasonic liaison for the project) held accounts on the
system.

Getting Started
Students were taught during several class periods in
December how to log on and off of the system, how to
write, send and receive mail, how to upload and
download files, and how to read the SIGs. Many of
them also learned other skills on their own, such as
finding out who else has been on line recently, and
how to send messages to a number of people at once by
creating a mailing list.

Getting the students started with telecom-
municating was one of the most difficult hurdles for
the PULSE teachers to get over. In October and
November we talked through various ideas of how and
when we might introduce the students to telecommu-
nications concepts and the workings of the software.
Unlike many other aspects of the project, finding a
way to work this new information and these new
procedures into regular class time seemed difficult
no plan for an introductory activity seemed quite
right. Finally, for several days in mid-December,
groups ofstu dents spent short periods of time working
in the server room with Karen, creating their accounts
and being introduced to the telecommunications com-
ponent of Works. Once this was done, students began
logging on from home. The system software largely
took care of itself, with Karen and a high school
student monitoring it in the evenings and on free
periods. Soon so many students were logging on that
a temporary" fifteen-minute limit on calls to the system
was instituted. This process of putting a great deal of
effort into beginning to use a new tool and then
discovering that students became authoritative users
of it almost immediately was reminiscent of the time
we had allowed in October for teaching students how
to use word processing software. Students became
fluent with the software almost immediately, just as
many students became dedicated BBS users within
days.
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Patterns of Use
While regional telecommunications activities through
Learning Link were an important aspect of several
English and science projects this year, the local bulle-
tin board system, commonly referred to as the "PULSE
board," was much more significant to the PULSE
team on a day to day basis. In five months, over six
thousand messages were posted by approximately
thirty active users of the BBS system. (See Figures 6
and 7 for some summary data about use of the local
bulletin board system.) Of the twenty-five PULSE
students, roughly twelve were very heavy users of the
system, logging on anywhere from several times a day
to several times a week. Eight PULSE studt,..ts used
the system occasionally, and five did not use the BBS
at all (in a few cases, students were only able to use the
BBS from within the school because they did not have
working phone lines at home). The BBS was used
most frequently for sending and receiving private e-
mail, but many users also became familiar with other
functions of the system. Teleconferencing, posting
and reading messages in the SIGs (both announce-

. i I

140

120

100

80

60

40

20

127

97

111

131

68

ments from the teachers and informal exchanges),
posting classified ads, surveying directory informa-
tion, and chatting on the teleconference were all
common activities for many students and adult users.

At the beginning of the school year, the research
team decided to limit the data we would collect from
the BBS. We wanted all private communication to
remain unmonitored, in order to maximize the legiti-
macy of the system as a space which was truly private
and accessible to students. Consequently, we did not
collect or monitor the content of messages exchanged
between students, between teachers, or between stu-
dents and teachers. Our interpretation of the PULSE
team's use of the system is based on log on/log off data
collected through the BBS software (which reports
who was using the system when, but not their specific
activities), verbal reports from students and teachers,
and e-mail to the researchers from project staff and
students. All student-student, student-teacher, teacher-
student or teacher-teacher messages cited here were
voluntarily forwarded to the researchers (see the ap-
pendix for some sample messages). Consequently,
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while we cannot provide any detailed information
about the nature of the exchanges on the BBS on a day-
to-day basis, the frequency data and information
gathered from system users gives us some information
about how students and teachers chose to incorporate
this new communications media into their lives.

Student Use
The PULSE students accounted for almost two-thirds
ofall system use during the 1991-1992 school year (see
Figure 8). A core group of regular student users, about
a third to half of the class, accounted for the majority
of this use. While this group included the three
students with the highest "techie" status in the class
(two of those three were the two white boys in the
class), it encompassed a range of students, both boys
and girls, with varying interests, degrees of academic
success and social status. The public messages gener-
ated by this group (in SIGs, classified ads, and distrib-
uted messages) give us some idea of the attitudes they
brought to their electronic communications.

A month or so after the BBS became active,
"mystery" accounts began appearing on the system.
People were logging on and establishing new accounts
for names like "Sugar," "Hawk," and "Adonis." At
first teachers and researchers were not sure whether
these accounts were coming from hackers outside the
community who had stumbled across the BBS, or
from PULSE students, or friends of PULSE students.
PULSE students questioned about the new practice
suggested that "some people" in the class had figured
out how tcr make new accounts. Each new character
was shoit-lived, as Karen canceled the new accounts as
quickly as she found them. These accounts were
canceled because the teachers were concerned that the
anonymity they provided would be exploited by some
students for irresponsible or inappropriate kinds of
communication. One account, however, kept reap-
pearing: this was Batman, who for several weeks
seemed to turn up everywhere on the BBS. His pres-
ence on the system finally generated this exchange in
the SIG:
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19-JAN-92 00:07
From: Batman
To: **ALL **

To all my fans who don't know me. I am
BATMAN your Super Hero from Gotham
City here to protect you!

19-JAN-92 16:34
From: Ktate
To: Batman

Who is Batman
>?»?,???),>

27-JAN-92 19:11
From: Kalexandr
To: Batman

shut-up

28-JAN-92 16:19
From: Tb land
To: Jhowlett

Jerry Flowers is Batman!

14-FEB-92 18:45
From: Wragland
To: Ktate

Batman I just want to tell you that you have
people who know who you are so show
yourself! Or I, Darkwing duck, the terror
that flaps in the night, will catch you and
bring you to justice.

14-FEB-92 19:26
From: Batman
To: ** ALL **

I am looking for a Robin and a Alfred. Call
now on the telecommunications for an
interview. I can't give personal interviews to
protect my identity so send me a message
on the telecommunications now!

As Batman's true identity became known, he
eventually faded from view. However, this exchange
represents a kind of expression that takes advantage of

-------...__,.---'
63%

M Logons by Teachers (N.154)

0 Logons by Students (N.466)

0 Others (sysop, research tram) (N .115)
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the anonymity and sense of privacy that
telecommunicating can afford users. It also suggests
that a considerable number of students may have really
found this space an accessible, private, and safe means
of communication.

Teacher Use
Throughout the school year, the teachers reported and
demonstrated enormous enthusiasm for the bulletin
board system. For them, the system offered two main
benefits: a solution to the chronic problem of poor
channels for communication, traditionally one of the
most difficult obstacles to successful teacher collabo-
ration, and it encouraged privare conversation be-
tween themselves and their students, which they re-
ported was enormously rewarding. Over the course of
the year they moved from being complete novices with
some anxiety about exactly what role this new technol-
ogy would take in their classrooms, to competent,
enthusiastic users who felt that their local system
offered a distinct, meaningful forum for communica-
tion.

I had some fears about the kids using telecommu-
nications in lieu of having face to face conversa-
tions with each other - like it's very easy to sit in
front of the computer screen and talk about things
that you might be embarrassed to talk about with
someone face to face, which can be a good thing,
but at the same time I was worried that it was going
to isolate, that the kids would spend more time
with this machine than with actual contact be-
tween each other. But I don't think that was the
case. Because I think through the computer they
became closer, and I think it broke through a lot of
the boundaries and it allowed them to be more
open in the classroom or with each other on a
personal level. Like it allowed them to be more
intimate than they might have been without the
computer. Because we tend to wall ourselves into
these little cubbies, and I thought the computer
might do more of that, but I think what it did was
broke down barriers between people faster, so it
allowed people to become - friendships started a lot
quicker, it just seemed like the kids accepted each
other more than might normally happen in a
classroom without the use of the computers, and I
was kind of surprised by that. (Marianne, July
1992)

Telecommunicating allowed the teachers to share
ideas, encouragement, suggestions, and observations
among themselves in a medium which was distinct

from any other in a number of ways. They were more
accessible to each other than they would have been
otherwise (through in-person meetings or by phone)
because they were not impeded by the scheduling
constraints of in-person meetings, they could send
and receive messages from both school and home at
any time, and messages for more than one person
could be sent simultaneously. Their interactions were
also more easily mediated because they were always able
to choose when they would log on, and they were able
to take whatever time was necessary to compose mes-
sages or to respond to messages from others. All of
these factors made this form of communication im-
portant for a group of teachers who are deeply engaged
with each other professionally and, as the year pro-
gressed, personally, but simultaneously needed to feel
that they could control the degree to which the project
intruded on their personal lives. The PULSE board
made it possible to offer friendship, to be open and
informal, because some of the risks of immediate
interaction were removed. Consequently, teachers
could exchange personal information such as stories of
mishaps at home, discouragement about the political
scene, or updates on their children's progress in col-
lege, as they worked together on their common project,
without feeling that they had given up any control
over access to their time or personal lives. Sally re-
flected on the impact of the PULSE board on relation-
ships among themselves and between themselves and
their students during an interview early in the second
semester:

Friendships, I'm sure, are being kindled. Because
I know, just with Karen and myself, we
telecommunicate every day, and we've just devel-
oped such a friendship, that might not have devel-
oped to that extent if it hadn't been though the
telecommunicating. You're able to be very honest,
you're able to be humorous, you're able to have
fun, and you get hooked on it, as some of the kids
havg.gotten hooked on it. (Sally, Feb. 1992)

he parents of the PULSE students were the
only group of people that we anticipated would be
active participants on the bulletin board who did not
become significantly involved. This was project's most
significant loss caused by the work action which was in
effect throughout the school year. Although the teach-
ers were eager to involve parents, and felt the bulletin
board system would be an effective means of commu-
nication with them, the work action prevented them
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from holding any workshops or training sessions for
parents. Some students taught their parents to log on,
and those parents did correspond periodically with
teachers, but substantive family-oriented activities, or
conversation among parents, did not take place on the
PULSE board.

Motivations for Use
Methodology
By the end of the school year, our impression from
many conversations, both in person and on line, was
that both the teachers and many of the students had
come to regard the PULSE board as a special path for
communication. The data demonstrated that they
were, in fact, using it heavily. It seemed particularly
clear that while students were communicating fre-
quently with each other, the board was most often
mentioned in connection with teacher-student and
student-teacher communication; that studeits were
finding this medium particularly appropriate for com-
municating with their teachers. We conducted a small
projective test with the students that was designed to
help us under stand what students felt was distinctive
about the PULSE board as a means of communica-
tion, and how it fit into choices they made about
communicating with their teachers.

Students were given three moral dilemmas, each
of which required that the character in the scenario
contact their teacher. The first scenario involved a lost
homework assignment which only the teacher could
replace; the second presented a student who was
nervous about an oral presentation and needed advice;
and in the third scenario a student had chosen to tell
a teacher that she/he knew who had stolen a piece of
school property. We asked the PULSE students to
recommend what Jane/John should do, how they
should contact their teacher (in person, by phone, by
e-mail) and why they chose that means of communi-
cation. Twenty students, ten boys and ten girls, par-
ticipated (five PULSE students were absent the day the
class did the exercise). The scenarios were designed so
that, by our judgment, each one was best solved by one
of the three different means of communication, but
any one of the three would be a viable option if the
student wanted to use it.

Findings
Tables I and 2 summarize the results of this test.

Tablc 1
ot tittidclit. Who Chose \1,111,,,1 of.

COMInuniLation for Each Scenario (N=20)

Homework Oral Report Theft

In person .55 .70 .45
Phone .20 .10 .10
Modem .25 .10 .40
Any/none 0 .10 .05

Table 2
Percentage of Students Choosing Each Nlokie of

Communication Across Scenarios (N=20)

Girls Boys

In person .40 .73
By phone .17 .17
Modem .37 .10
Any/none .06 0

Scenario one:
At the end of the day Jane's teacher gave her a
special homework assignment. As Jane walked out
of school she looked in her notebook and realized
the assignment had disappeared. Jane knows she
has to do this assignment tonight. What should she
do? Should she go back into the building and try
and find her teacher? Should she call her teacher on
the phone when she gets home? Should she use her
computer and modern to leave her teacher a mes-
sage? WHY?

For this scenario, half the students chose to talk to
the teacher in person, and the rest were essentially split
between calling the teacher and leaving an e-mail
message. Some explained their choices with reference
to influencing factors including not wanting to incon-
venience the teacher, making efficient use of their
time, other demands on their time including obliga-
dons' tO parents, and wanting to give the teacher a good
impression of their level of responsibility. In the case
of choosing face-to-face interaction, some students
also felt it was preferable to receive the "real" home-
work (some physical piece of paper), rather than
having the teacher describe it to them over the phone
or bye -mail . The following quotes show the range of
strategies students brought to the situation:

First call her teacher, and if she has not picked it up
then just use your computer and send her a mes-
sage. Because you won't be able to find her in the
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building. She could be anywhere. So you'll also get
home on time. That way you can keep on calling
or sending messages.

John should go back to school and find his teacher
and get the assignment from her. That would be
the right thing to do.

If he used the phone, when he got home and called
his teacher to tell her he lost it, she's ask where did
he leave it last, He'll say, "At school." She'd say,
"Why didn't you come get another one." He'd
have no excuse.

If he left a message on the computer she probably
would not believe he lost it. She'd probably think
he didn't want to do it.

This was the scenario which we predicted students
would be most likely to solve through communicating
face-to-face. The homework had to be done that
night, and the surest way to get the assignment was to
go back in the building and find the teacher. Students'
choices for this scenario were informed by a number of
different issues and a variety of reasoning processes.

Scenario two:
In two days Jane has to give a presentation in front
of the entire class. She is terrified of having to stand
and talk to everyone, but she knows that her final
grade for the semester depends on this. Jane wants
her teacher to know how nervous she is. Should
Jane talk to her teacher after class tomorrow?
Should Jane call her teacher on the phone in the
evening? Should Jane use her computer and mo-
clzrn and leave her teacher a message? WHY?

For the second scenario, 70% ofstudents chose in-
person communication, with the rest evenly split
between other options. We had seen this scenario as
best solved by a phone callthe student needed to
have a conversation, not transmit a single message (so
the phone seemed preferable to an e-mail message),
and a very nervous student might not want to risk
waiting until the next day and possibly not finding an
opportunity for a private, face-to-face conversation
with the teacher. However, most students' responses
assumed that the teacher would be available for a face-
to-face conversation the next day, and stressed the
personal quality of a face-to-face conversation as the
most important factor in this decision. Some also
extended the scenario by suggesting that speaking to
the read ,er face-to-face about a shyness problem would
in and of itself contribute to overcoming shyness (as
opposed to avoiding the issue by telecommunicating):

If John is really scared to talk in with an audience,
John should get this problem out in the open.
Leaving a message will not help him. He should
confront his teacher face to face and talk and then
he will probably gain confidence.

The students who did not choose an in-person
conversation either chose to phone or leave e-mail
because this would notify the teacher of the problem
in anticipation of an in-person conversation the next
day"He should call her right away, which is in the
evening. That way the teacher has more time to think
it over." Two students felt the student should not
contact the teacher at all: one said it "didn't make
sensewhy would you want your teacher to know
you are nervous?" and the other felt Jane should "work
it out for herself."

Scenario three:
Jane walked into class today and found her teacher
very angry and upset. Someone had stolen all of the
tickets for the prom which were supposed to go on
sale that day. The teacher said that the prom would
probably be canceled unless the tickets were re-
turned. At lunch Jane accidentally overheard two
students talking about having taken the tickets.
Jane decides she has to tell 'ler teacher what she
heard. Should Jane write a note for her teacher and
leave it on her desk? Should she tell her teacher in
person? Should she use her computer and modem
and leave the teacher a message? WHY?

We predicted that students would be most likely
to choose to telecommunicate in response to the third
scenario. In this case, we assumed that the privacy and
security of e-mail would be important, and that the
mediation it offeredthat the teacher would prob-
ably read the message at home, outside of the school
environment and at a distance from "Jane" herself
might be influential as well. However, student re-
sponses to this last dilemma were almost evenly split
between in-person communication and leaving an e-
mail message.

This result is distinctly divided along gender lines.
Most girls preferred using e-mail, reasoning that the
privacy it affords would protect them from teasing by
other students (for "telling") or possible retribution.
The boys, however, almost unanimously chose face-
to-face communication, which they equated with
courage, forthrightness, and "doing the right thing."
The girls saw telecommunications as a pathway that
would make it possible for them to say what they
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wanted to say while minimizing the risk associated
with doing so:

She shouldn't leave a note because someone else
might find it. She shouldn't tell her teacher face to
face cause someone might see and over hear her
snitching. She should tell her teacher through the
computer, that way it will be between the two of
them.

In contrast, the boys valued their willingness to
communicate openly specifically because they felt that
it was associated with risk: "He should tell her up front
and that way he will be respected more and have a clea:.
conscience."

In this scenario, mediationthe ability to coin-
m..micate without face-to-face interaction, with time
and physical distance separating the message sender
fi om the recipientis not necessarily interpreted as a
good thing. But good or bad, it is acknowledged as a
factor in both the boys' and the girls' decision-making
in this scenario. As the girls actively sought out media-
tion, which for them implied safety, most of the boys
recognized it as an attribute of communicating through
the BBS, and actively rejected it. This distinct differ-
ence in values suggests that not only do students
associate particular risks and benefits with various
means of communication, but that those associations
are complex and influenced by the nature of the
information being shared.

Discussion

Analysis of the results of this task suggest that students
perceive their local BBS as one among several viable
means of communication with their teachers. They
raised different motivation issues in connection with
the different situations and different means of com-
munication, indicating that their choices were in-
formed by a number of issues and a variety of reason-
ing processes. Both boys and girls, and heavy, light and
non-users of the system chose to telecommunicate for
some of the scenarios. The results indicate that a
diverse group of students did count telecommunica-
tions as a viable option for meaningful communica-
tion, and that their choice (or rejection) of
telecommunicating was not simply based on novelty
(or aversion), but on thoughtful evaluation of mul-
tiple factors involving efficiency, directness, self-effi-
cacy, and honesty.

In practice, use of the PULSE board was not
dominated by a single type or group of students,

although the group that made most frequent use of the
board included the most high-achieving students (two
African-American girls) and the two white boys (fre-
quently the most privileged and dedicated technol-
ogy-users) in the class. In the projective test, however,
communicating via modem was not only an option
chosen by the class "techies" or even exclusively chosen
by the "heavy users" group. For instance, an African-
American female who was considered to be a below-
average student with an "attitude problem," and not
active on the BBS, chose to use the BBS in two out of
three scenarios. In contrast, a white boy, one of the top
achieving students in the class and a dedicated user of
the BBS, chose to communicate in person for each
projective scenario.

The moral dilemmas posed by the test were not
intended to mirror actual motivations or patterns of
use, and the profile produced by student responses did
not, in fact, match up with real activity on the BBS.
Instead, this picture of hypothetical use told us some-
thing about how s tudents feel telecommunications fits
into certain kinds of communication which we were
curious aboutin this case, communicating with a
teacher about issues which are likely to be difficult on
a personal level for the student.

In reference to gender differences in test responses,
it could be that the boys prefer "getting it over with"
by talking to a teacher face-to-face rather than waiting
for a response, while girls war t: more differentiated,
stylistically varied options for communicating. The
unpredictable relationship between actual system use
and responses on the task could indicate that the
students most familiar with the board are also most
familiar with its limitations, and are consequently
discriminating in their willingness to use it in new
situations, while students who never used it have only
vague ideas of what it is best used for. Or they could
mean that there are students who never had the
confidence, or the training, or easy phone access, or
"techie" friends, or whatever key factor was really
necessary to get them on line, may also have been those
who were most in need ofa mediated, confidential line
of communication with their teachers.

These findings may also be related to the way in
which this class was introduced to telecommunica-
tions. Once the teachers had given the class an intro-
duction to telecommunicating, students who reported
having trouble using the system were given informal
tutorials by other students, researchers or teachers

t
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during available class time, but no further structured
time was devoted to introducing students to the
system. Because many students began using the BBS
soon after being introduced to it, it seemed that their
response to the BBS was the same as their response to
new software had been at the beginning of the year
once they gained access to it, they simply took it on as
a new tool to use as they liked. However, as we begin
to learn something about what was distinctively valu-
able about the kinds of communication supported by
the BBSparticularly private, mediated communica-

tion between students and teachersand when we
consider the enthusiasm for telecommunicating indi-
cated by some of the students who were not active on
the BBS, this image of "effortless mastery" may be
worth reconsidering. If the kind of private communi-
cation afforded by the BBS was as valuable as teachers
and students have indicated it was, then all students,
and perhaps most particularly those who will not
speak up in class to ask for help, deserve systematic,
thorough support, to ensure that this new form of
communication is truly accessible for everyone.

TECHNICAL ISSUES: HARDWARE LIMITATIONS AND
PHYSICAL FEASIBILITY OF THE PROJECT

areful, detailed planning of the physical and
technical needs of the project was crucial to
the teachers' and students' experience of suc-
cessful innovation. Security, convenient and
sufficient power supplies, and adequate hard-

ware and software (including printers) were especially
important issues. Arranging for these needs was time-
consuming for the teachers but was facilitated by a
supportive administration.

Having approximately seven "floaters," (comput-
ers that were not permanently assigned to a student)
was also crucial to the viability of the project. Due to
frequent equipment failure, students often needed to
be loaned computers while theirs were being repaired.
Because use of the computers was so intensive, stu-
dents had to have continuous access to the computers;

if extras had not been available to loan, use of the
laptops by the whole group could not reasonably have
been expected to continue.

Some equipment failure was external (stuck keys,
broken latches), but the majority was internal (screen
malfunctions, failed disk drives). Except for two cases
of dropped computers, we did not find any evidence
that students were mistreating the machines. They
were, however, using them very frequentlya student
using a laptop in four classes, after school and in the
evening would turn the computer on and offat least six
times, and use the disk drive a dozen times. If laptop
use in schools is to continue and grow, hardware needs
to be designed that will hold up to this kind of
intensive use.

TEACHER INITIATIVES FOR PROJECT EXPANSION

As discussed earlier, motivation was a promi-
nent thematic occurrence in our observa-
tions, and a particularly frequent form of
motivation was taking initiative. Teacher
initiative was often related to pursuing fund-

ing and equipment support which would further their
goals for Project PULSE. Although these teachers
described themselves previous to the project as "ex-
cited about trying new things," their efforts toward
expansion were particularly significant because those
efforts consistently required them to move outside of
their school environmentin order to find funding
they had to correspond with, talk with at conferences,

or otherwise establish contact with utilities, corpora-
tions, and state government organizations. Their search
for continued and varying support indicates both a
commitment to the project as an on-going effort that
belongs to them, not to an outside interest, and a
willingness to find ways to interact with organizations
outside of the frequently tightly-sealed world of the
individual public school. Their role as teachers ex-
panded, in their eyes, beyond their relation to their
students, colleagues, and administration; they were
able to act as part of a community that was new to their
experience.
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Their efforts at obtaining funding and publicity
for Project PULSE have frequently been successful
and include the following:

The PULSE team was selected from a highly
competitive pool to participate in The Global Labora-
tory, an international, year-long telecommunications
project sponsored by the Technical Education Re-
search Center. This project will take a major role in the
Project PULSE curriculum this year.

Project PULSE students, teachers, and research-
ers will be making a presentation at a Technology
Summit at the new Liberty Science Center in January,
1993. The teachers are currently investigating possi-
bilities for other in-state conference presentations, and
for involving students in those p:esentations.

Out-of-state conference presentations by the
teacher team currently scheduled include:

- International Conference on Technology and
Education, Cambridge, Massachusetts, March
1993;

- National Educational Computing Conference,
Dallas, Texas, June 1993.

The New Jersey State Technology Committee
has used excerpts from a videotape about Project
PULSE shot by the Center for Children and Technol-
ogy in their own promotional videotape.

PULSE teachers applied for and won two inde-
pendent grants during the 1991-92 school year. These
funds will allow for the installation of more phone
lines, making in-class telecommunications possible
from several classrooms, and for the further develop-
ment ofa project-based botany curriculum that stresses
scientific thinking and data analysis.

CONCLUSIONS

This report was based on a year-long study
conducted with a class of eighth graders, their
English and science teachers and the school
computer supervisor at a school in Roselle,
NJ. A variety of data was collected and ana-

lyzed, including teacher interviews, classroom obser-
vations, samples of project-based work in science,
writing samples, and projective tests exploring the
impact of local telecommunications on patterns of
teacher-student interaction.

When field notes were analyzed, four themes
emerged as most significant to the overall success of
the project: a high level of motivation for both stu-
dents and teachers, teachers' facilitating and encour-
aging students' active appropriation of the technol-
ogy, and a steady increase in technological competen-
cies among the teachers, particularly with regard to
telecommunications. The predominance of positive
occurrences of these themes is related to a number of
factors, including the experience and initial motiva-
tion of the teachers, careful and detailed planning of
project logistics, and the flexibility and availability of
the technology.

From the teachers' perspective, one of the most
significant changes they experienced regarding the
impact of technology on their practices was an ability
to undertake more inquiry-oriented and project-based
activities with students. For example, the portability

of the laptops and availability of integrated tool-based
software made it possible for the science teacher to
undertake long-term, collaborative science projects
with the students. This represented a significant de-
parture from the previous years' curricula, and as a
result students were able to gain experience with the
kinds of tasks and procedures involved in scientific
inquiry.

The other experience teachers described as highly
significant in their experience of the project was the
opportunity to communicate amongst themselves and
with their students during off-hours through the local
bulletin board system. The local bulletin board was
used actively throughout the school year. It became a
regular means for the teachers and for many students
to communicate with each other and with the project
staff. 5670 messages appeared over the course of five
months, the majority posted by a core of approxi-
mately 25 students, teachers, and staff out of a total of
45 registered users.

In addition to using them for data collection and
analysis and telecommunications, the majority of the
Project PULSE students used their laptops as portable
"diaries" in which they were able to keep personal and
teacher assigned journals, write stories, and complete
assignments. Privacy, portability, and constant avail-
ability freed students to integrate technology into
personal, not just school-based projects. Based on a
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holistic measure of students' writing scores for a
randomly selected group of students, they improved
markedly on their ability to communicate persua-
sively, organize their ideas effectively, and accurately
use a broad vocabulary.

Because of the initiative of the Project PULSE
teachers, this project has grown to encompass new
resources, new curricula, and new partnerships. The
PULSE team is now exploring complementary tech-
nology applications including telecommunications
via the Internet, worldwide data exchange, and in-
structional television. They intend to use these new
resources to support and expand the opportunities
offered by the integration of laptops and local tele-
communications into the daily life of teachers and
students.

While the research demonstrates that laptops can
have a positive impact on teachers' teaching and
students' learning, without the following support in
place this success would not have been possible:

the commitment of the district superintendent
to the success of the project. Consistent support
from the superintendent's office made possible
important adjustments in teacher schedules, class-
room allocation, and physical plant (e.g. phone
access and electrical wiring requirements);

a room with adequate power supplies, accessible
and secure storage space, and enough room for
flexibility in arranging work space. Laptop com-
puters need to be recharged on a regular basis,
and need to be secure when not in use. They also
facilitate flexible groupings of students and
mobility in and around the classroom, and con-
sequently are best served by a classroom large
enough to accommodate those activities;

on-site technical and conceptual assistance for
the classroom teachers. Karen Warner played
two important roles: she was able to introduce
the teachers and their students to applications
they were not familiar with, and she was able to
identify additional pieces ofsoftware or technol-
ogy-based activities that could support various
aspects of the teachers' curriculum;

adequate resources to sustain the project in spite
of substantial and frequent equipment breakage.
Each of three resourceson-site staff able to
make minor repairs, warranties covering major
repairs, and the availability of extra computers,

to use as temporary replacements for machines
being repairedwas crucial to sustaining the
project. As of this writing, laptop computers are
not generally designed for level of concentrated
use they were subjected to in this projectuntil
more robust laptops enter the market, a certain
amount of breakage will be inevitable in an
intensive-use project such as Project PULSE;

shared planning time for teachers. While the
local bulletin board system enhanced the teach-
ers' ability to communicate with one another,
regular, in-school planning time is still critical to
the success of a collaborative venture. In addi-
tion to facilitating concrete activities like day-to-
day decision making and sharing materials, daily
shared planning time helps to establish a sense of
community and continuity among team mem-
bers;

project structure that encourages responsibility
among student participants. The students of
Project PULSE took on a significant responsibil-
ity by becoming temporary owners of portable
computers. They consistently used and cared for
their laptops in a manner which lived up to their
teachers' highest expectations. Establishing ex-
pectations early on in the project, by signing
contracts and establishing regular routines, helped
to make students feel that they were part of an
on-going, significant school program;

committed and enthusiastic teachers who took
the initiative for shaping their own agendas for
the integration of the laptops. These teachers
were able to identify projects which would be
appropriate to their own strengths, the capaci-
ties of the technology, and the needs of their
students. They were consistently willing to learn
new skills, to experiment in their teaching, and
to support and learn from each other.

While different schools may have other needs or
other kinds of support, these are minimal require-
ments that are necessary to the success of a project like
this one. While some of these basic requirements are
not much different from those for the introduction of
any new technology (needing adequate power sup-
plies), or for school innovation in general (shared
planning time), others are more specific to the laptops,
and to the flexibility and freedom they enge
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Footnotes
1. The other schools that received hardware grants

through the Laptops fir Education program were: Boonton
High School, Boonton, New Jersey; Capital High School,
Santa Fe, New Mexico; Frederick Douglass Academy, New
York, New York; Lassiter High School, Marietta, Georgia;
Mark Twain Junior-Senior High School, San Diego, Cali-
fornia; Pinckneyville Middle School, Norcross, Georgia;
and Thayer Junior-Senior High School, Winchester, New
Hampshire.

2. An "observation" was defined as an interaction, a
configuration, or a scenario observed by the field researcher,
which illustrated or embodied one of a set of previously
defined issues or themes. All observations were docu-
mented by the field researchers. Written observations for
this project ranged in length from 5 to 392 words, averaging
82 words/observation.

3. Sheingold and Hadley's sample reported, on aver-
age, that it took five to seven years for them to become
highly accomplished users of educational technology. This
sample, however, should be considered to be the first
generation of teachers to make substantive use of technol-
ogy in their classrooms, who received little or no support
during the earliest years of their technology use. As support
for technology use becomes more widely available, through
colleagues, district-level coordinators, or in-service or out-
of-service training, this time span can be expected to drop.
However, the general observation that becoming accom-
plished users of technology in the classroom takes a signifi-
cant amount of time remains true.
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Msg: 15
From: Karen Warner
Subj: Telecommunications intro.
Date: Oct 30 1991 at 4:59pm

Dear All,

APPEND IX

Sample BBS Messages

E-Mail #2609 22-JAN-92 18:09 (Reply to #2381)
From: Mmonaco
To: Katie (private message)
Re: Garbage and Kentucky

The kids are really eager to start telecommunicating
so....I have a few ideas and thought we could do a
little high tech brainstorming.

Idea 1as we mentioned last time, we could 'act it
out' a la Barbara Dubitsky, using the real bulletin
board in the class and having different areas or
folders for public and private messages.

Idea 2The kids have seen the Host computer
when they come up to print and have asked what it
is. We could have kids dialing into our BBS from
the classroom, have other kids watching what
happens on the Host, and some more kids sending
a message back to the kids in the classroom using
the second phone line in room 216. Then they
could meet together, report on their part of the
process, and put it all together.

Idea 3Give each group pictures of each of the 5
elements necessary to telecommunicate and some
string and after an introduction have them assemble
a model of a telecommunication system on the
table.

OK, OK, these are just ideas to get us started.
Responses?

Karen

Copies sent to:
Marianne Monaco
Sally Boyd
Margaret Honey
Katie McMillan
John Parris

Katie,
I can't believe that it happened the way it did,
either. We will be starting survey II soon if I can
ever get back on to Learning Link to find the time
schedule. Lately it's been impossible. By the way I
took pictures of the kids with their garbage so we
have other documentation.

See you soon. Don't forget if you're coming
out tomorrow check radio station WOR to see if we
have a delayed opening because I heard of ice storm
in the morning. Oh by the way the Board of
Education did not ratify our contract last night. I
mention this to you because our Association might
recommend we do no "extras"our parent meet-
ing. We'll see what happens. Bye MM

E-Mail #4417 06-MAR-92 08:34
From: Mmonaco
To: Dmanager (private message)
Re: This weekend

Hi,
I just wanted to let all of you know that I'll be away
this weekendso don't think I'm giving you the
cold shoulder. Marianne

E-Mail #4696 09-MAR-92 18:08 (Distributed)
From: Mmonaco
To: ** ALL**
Re: science work

Hi guys,
I'm so thrilled that almost everyone in class has all
of their project work in. Keep up the good work.
Let's try for 100%. Good luck on the hspt tomor-
row. Bye Miss M.

40 60"



r ec . 'ep. o.

E-Mail #5594 25-MAR-92 17:28 (cc: of#5568,
Reply to*)
From: Sboyd
To: Dmanager (private message)
Re: STORY

Wesley, that's terrific! I can't wait to see your latest
creation! Last night I attended a lecture at Kean
College with my book club. We all read the same
book, Praise Song for the Widow, and the lecture
was given by the author. It was really interesting
listening to her speak about how she gets her ideas
for characters and stories and how long it takes her
to write a novel.

I'm reading an intriguing book right now where
the plot concerns a national cover-up about a space
ship landing with aliens on board. That could be an
interesting idea for you to center a mystery about.
Or a missing person story could be an idea, too. In
choosing a Erne period you could research informa-
tion so that you could include pertinent details in

the story. You could write about a time machine
situation, perhaps. That's always fascinated me. Or
perhaps try a mystery in the ghetto or out west on
the range. Possibilities are endless. Just keep in
mind that authors do research before they get too
far into their endeavors. Again, so they have details
of interest to add to their plots, characters and
settings.

I really admire your writing talent and am so
glad that you have been afforded the opportunity to
use the laptops to further develop your writing
aptitude. Talk to ya tomorrow! SBoyd

E-Mail #5938 29-MAR-92 16:10 (Fw by Sysop)
From: Dlopez
To: Dmanager (private message)
Re: DUKE # 1

Yo, Oliver did you see that 2.8 second shot by
CHRISTIAN LAETNER TO WIN!!!! They won
104 - 103.
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