DOCUHENT RESUME

ED 324 235 SE 051 626

TITLE Literacy and the Science Classroom. Technical Report
No. 51.

INSTITUTION Bank Street Coll. of Education, New York, NY. Center
for Children and Technololy.

PUB DATE Mar S0

NOTE 23p.; Papers presented at a Symposium at the Annual

Meeting of the American Educational Research
Association (San Francisco, CR, May 27-31, 1989).

PUB TYPE Speeches/Conference Papers (150)
EDRS PRICE MF01/PCO1 Plus Postage.
DESCRIPTORS Cognitive Processes; Computer Networks; Computer Uses

in Education; Elementary Secondary Education; Hearing
Impaxrments; *Inguiry; Junior High Schools; Language
Proficiency; =xLiteracy; =Notetaking; Science
Education; =xScience Instruction; =Secondary School
Science

ABSTRACT

This document consists of three papers which explore
aspects of language use in science classrooms descriptively and
prescriptively, based on naturalistic and experimental observations.
"he discovery of the importance of the verbal mode of communication
thrcugh involvement in creating computer-based activities is
discussed. Papers include: (1) "Words and Science" (Jan Hawkins and
Laura M. W. Martin), ir which the thematic questions that tie the
papers together are outlined; (2) "Taking Notes and Taking Note of
Physics" (Babette Moeller, Jan Hawkins, Cornelia Brunnmer, and Soi
Magzamen), in which words are regarded as a contributing medium to
achieving understanding of physics ccncepts; and (3) "Computer
Networking and the Connection cf Science and Literacy Skills"
{Shelley V. Goldman anrd Carol Keich), which reports on a study of
language and communication in a classroom of deaf students. (CW)

EEXRRARRXERARKRAXXRAZKARRRRE  RXXRRXERR KRR RXRARXRR AKX X RXR AR R R XX R R KRR P XRRRRXR2PRXKRXXX

x Reproductions supplied by EDRS are the be.- that can be made x
x from the original document. x

AR R R AR AR R R X R R R X R R R R R R R R R XR KRR KK RR R R X RARX XX R KRR KRR KL KRR XX




v
]

D324

h]
4

‘BANK STREET COLLEGE OF EDUCATION

¢ 3 'CENTER FOR CHILDREN

’

7 . U.S. DEPARTMENT OF EDUCATON
Oft< e ot Educationa: Research and improvement

N . EBUCATIONAL RESOURCES INFORMATION
« o A CENTER (ERIC)
: . PR % Ths document nas been reproduced as
* recerved from the person of OICamIZanon .
ongnating it . -
l : T Minot changes have deen made 1o improve

0\\

A90TONHO3L ©

~ o
’
-

§

v R . reproduction Quahty

3 s —_—
l ' ® Po.n1s o wew &t opvons s1ated IS IOCu
. rent 0O NOt necessardy represent othcial
OERI positon or pokcy

¢
]
C.
“

.
N
L]

Literacy and i'he
Science Classroom

AERA Symposium, March 1989

“PERMISSION TO REPRODUCE THIS
MATERIAL HAS BEEN GRANTED BY

———————————————————— et

TO THE EDUCATIONAL RESOURCES
INEORMATION.CENTERIERICT™ ;

Y



@ CENTER FOR CHILDREN 4

/]
%
-]
M
Technical O
Report L
Series CZ>
—
@
()
<

Technical Report No. 51

Literacy and the
Science Classroom

AERA Symposium, March 1989

March 1990




.2

Q

E

Aruitoxt provided by Eic:

S

NG

~ \\v&\\ﬁ “\\\\ \

2
N \ N N X !
P A s NS o E :
\\\\\\\v 3 N 3, N A, LAy AT T W s WA AR AN < -
et N Aty L SN <§ NN AN A wv e s - R PSS N S . .
We E R F ey N N N \\\\\ S \v\\\ AWK W YW W R & . N
2 N A - N . ~ R S . N R
: RN AN N N W UR :"\\ \\\\\\\ RO RN
SOND N PN N M T R A -~
~ N S Jm P RS
2 So g .
N NN ENNRN s 2 Wiy L . .
. . ~ .\. s By
B . W & .
2 .
. e [ N O N

Contents

P OTWALD <o e e e e e e e e e e e e e e e e e e e e e e e e e e e anaan
Laura M. W. Martin

VOIS ANA SCIBNCE ..o e e s e eee e e e e e eeeneen D
Jan Hawkins and Laura M. W. Martin

Taking Notes and Taking Note of Physics........ccccevevreerericeeriesceiesieennn 6

Babette Moeller, Jan Hawkins, Cornelia Brunnmer, and Sol Magzamen

Computer Networking and the Connection
of Science and Literocy SKills ..........ocoveveeereiereeeeeeeeeree e 12
Shelley V. Goldman and Carol Reich

RIC




V3% 0% ” AL e

Y N
\\\b\%\ N \ *\\\\ S ,\\\“ x\«*:\“ %\\\\\é‘\ W
N \ o RN

Tan “\

Technology

3 gy
};,,, "\4,, 3‘?\;‘ ;(,, ;\*vz

w

,

“1 his collection of papers was presented at a symposium of the
same name at the annual meeting of the American Educational
Research Association in San Francisco, in March 1989. A fourth
paper from that symposium, Discourses on the Seasons by Sarah
Michaels and Bertram Bruce, is available as a technical report

from the Educational Development Center.

Theaim of the panel was to explore aspects of language usein science
classrooms descriptively and prescriptively, based on naturalistic and
experimental observations. Each of the authors has been involved in
creating computer-based activities for facilitating scientific inquiry in
clementary or middle-school classrooms. Each of us discovered that the
verbalmode of organizinginformation wasa centralissue in our projects.
For Hawkins arid Martin, and for Moeller et al., words were regarded as
a contributing medium to achieving understanding, with their own
constraints arid affordances. In the case of Goldman and Reich, language
and communication was the dependent variable in the classroom of deaf
students in their study. The thematic questions that tie the papers
togerher are outlined in Hawkins and Martin. It can be seen that despite
common questions, the methods and approach of each project to the topic
of language and scientific understanding in children were unique.
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issatisfaction with “textbook science” has

grownover thelast twodecadesin favorcf

"hands-on” and “minds-on” approaches

to learning. As part of the redesign effort,

science programs and curricula have cor-
rectly placed emphasis on ways to help students
understand and use dense symbol systems such as
formulas, graphs, and diagrams as tools of technical
literacy. Literacy with verbal systems has received
lessattention as part of the activity-oriented approach
to science.

This paper raises questions about the place of
literacy in supporting the development of children’s
understanding the physical world. To answer them,
we take literacy to be a psychological activity that
occurs within the system of the classroom. Rather
than approach it as a matter of text or speech process-
ing, we view it in relation to how students and teach-
ers communicate, how children respond to canonical
information, and how school goals relate to real-
world goals.

Science in classrooms is, to an extent, an oral
culture. When children encounter information with-
out notation or records—as in lectures—the teacher’s
spoken version of science interacts with children’s
ideas in unpredictable ways. A variety of different
and erroneous ideas may be constructed by children
and never fully articulated or understood by either
children or teachers. Similarly, traditional kinds of
written expression may keep children’s own ideas
and the science material isolated from each other.
Reading textbooks, copying data, filling in work-
sheets, answering fact-based questions have been said
to be antithetical to goals of inquiry learning because
they don’t allow children to begin with their own
experiences, and they are 1clatively passive ways of
acquiring information.

But the everyday investigative tool with which
children and teachers come equipped is language.
Through words in science, students work out concep-
tualizations and communicate about them. Words are

necessary to form and reform questions, and words
are a primary way to specify, confront, integrate, and
transform ideas. Communicative skills can deepen
children’s reflection on and discovery of the natural
world.

What are the some of the consequences of this
view for goals and activities in schools? First, the
verbal mode can be seen as a bridge between the
everyday experience of phenomena and formal scien-
tific understanding. Second, students can learn to
interpret text-based information and to integrate it
with knowledge gained through experimental and
observational activity-based learning. Third, students
canbe helped to learn the literary modes and forms of
scientificinquiry and about the communicative world
of scientists.

Our illustrations of how a focus on literacy works
as part of science learning grow out of two different
research projects. In one, Inquire, a sct of computer-
based cognitive “tools” for supporting inquiry sci-
ence with middle-school students was developed and
investigated. Practically, it helps students accomplish
individual or small-group science project work. Al-
though mathematical tools are incorporated, the sys-
tem relics heavily on text for representing the parts of
inquiry work to students, and as the medium they use
to record and interpret ideas of their own and others.
It thus encourages representation and rfinement of
ideas ir.language, and verbal interpreting of material
from muitiple media (video, simulations, and experi-
ments, as well as texts sources).

The other project, Linking Science and Literacy,
developed and examined computer-based science
literacy activities with upper-elementary school chil-
dren. A variety of experiences were organized to
motivate the children to write about science matters
and to conduct other kinds of investigations. The
study examined how teachers were able to makelinks
to the students’ questions and how children repre-
sented their experiences, bothspontancuusly and with
instruction.
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Inbrief, we saw that, first, the normal representa-
tion of “problems’ for students is in languag: expres-
sion. These descriptions are recognizably their own,
and they support intuition and observation. Making
use of this verbal mode can draw students’ attention
tothearticulation of their own ideas and the relation-
ship of their understanding to the way teachers and
others understand things.

In the first module of the Inquire software, stu-
dents generate questions and lists of their own ideas
about a topic as a way into a problem region, in this
case sports physics. As they worked on these prob-
lems, students madc use of a variety of informationin
multiple media (video, simulations with graph out-
puts, charts and graphs, as well as a variety of text-
based sources). Studentskept theirrecordsand formed
interpretations primarily in language (e.g., hypothe-
sis generation and justification). This requirement
enabled students to relate the scientific formulation of
ideas to their own ideas through revisions in their
question-generation work. In formulating and justify-
ing their conclusions, students had to review all their
records, and summarize and integrate them. The
encouragement to review, revise, re-see previous
work-in-language helped students to construct their
own bridges between articulation of their own ideas,
and new information.

Languagealso served to help children notice their
own learning and to think schematically. In the Liter-
acy project, we encouraged children in their use of de-
scriptors, which was at first quite limited. As they
played games that promoted verbal elaboration and
variation, children’s discriminations about what they
were observing heightened.

As they saw and heard the list of terms they pro-
duced, the children noticed their own perceptiveness.
When we conducted a lesson designed to have stu-
dents discuss their inferences about partially identi-
fied objects, a bottom-track fifth-grade class showed
their cleverness and conceptual sophistication and,
best of all, remarked on it themselves.

Second, we saw that children may have trouble
holding multiple points of view in mind at once and
integrating information from multiple representations.
Working in groups maintains simultaneity of view-
points, but common expression or referencing is nec-
essary. The same student, furthermore, may express

different understandings of the same event depend-
ing on the mode of expression.

Many of the Inquire procedures required stu-
dents to record their own ideas and information they
found from other sources in language. A striking
example of the value of this was the use of verbal
frameworks to interpret the mea.ing of graphs and
charts. Graphs and charts have been shown to be
particularly difficult and dense representations of
information for students. As one part of their informa-
tionsearchin asports physics problem, studentsw 2
required to interpret in writing the meaning of differ-
ent parts of physical motion graphs generated by a
microcomputer-based laboratory. These written rec-
ordsmade misconceptions explicit—which could then
be worked with—and directed students to different
parts of the represen.ation than they would normally
attend to (e.g., slope), making the graph information
available in a new way for integration with material
from other sources.

Third, students need experience with the commu-
nicative forms of scientific work. They should be or-
ganized as communities of inquirers. Most school
children are not used to collaborating academically
except in discussion. Even then, the use of words is
often not reflective or even particularly instrumental.
Many teachers teach vocabulary firstin a science unit
inorder to get the children “into” the subject, but there
are prior lessons about language in science thaccan be
developed. In the literacy project, we organized com-
munication games about science content to help
de.nonstrate why scientists use specialized vocabu-
lary. In the exercises, others’ actions de, ¢nded upon
the player’s choice of words so that the power of using
selective language became vivid.

Using others as a source of information, for in-
stance through interviewing, is also a useful lesson,
although it takes practice. Children have a sense of
people as sources already. Organizing questions and
comparing answers is a new skill related to more
abstract ones used in advanced research. We saw that
learning how to reduce and report on verbal informa-
tion as opposed to visual experiences s also a power-
ful lesson for children because it gets them to think
about data representation very intuitively. They
quickly see that they can’t replay the interview tape
each time someone wants to know what they found
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. out. Instead, they begin to devise ways to condense  school contexts, suchactivities can bea deliberate instruc{

and communicate the essence of the information. tional tool in the science class. They are powerful botH
Activities that focus on literacy aspectsof science ~ because they begin witi. natural forms of expression and

can be fundamental sources of links betweenachild’s ~ because they allow us to go beyond referential, practica

own world—inner and outer—and a moresystematic ~ communication to a plane of communication that is infer

organization of experience. While many of the bene- ential, patterned, and imaginative.

fits of speaking and writing are taken for granted in
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INTRODUCTION

n important aspect of doing science,

whether for scientists or for young stu-

dentslearningsciencein school, is to gather,

integrate, and interpret new information.

For young students, this task is becoming
more complex as science education is moving away
from a predominantly “textbook-based approach” to
learning, and as different kinds of technologies and
media ar2 becoming available in schools. The infor-
mation students encounter in today’s science classes
cap originate from such diverse sources as hands-on
experimentation, texts, graphs, tables, computer pro-
grams, observations, films, videos, lectures, and con-
versations with peers and experts. Because of differ-
ences in the format and quality of such information
sources, the task of analyzing and synthesizing infor-
mation can be very difficult.

The production of written language, or more
specifically written ne tes, can serve as an important
analytic tool in this task. Note taking is a special
activity that not only allows students to keep 1ccords
of new information,ideas, and thoughts, but has other
advantages that make it particularly uscful for help-
ing students to interpret and integrate different kinds
ofinformation. First, the transformation of a vaniety of
experiences and kinds of information into written
language allows students to refine the meaning of this
information and to reflect on it. Second, throagh the
process of note taking, different kinds of information
are translated into one unified symbol system (i.e.,
written language), which may facilitate the process of
relating and integrating information that originates
from different media. Third, by having external writ-
ten records of new information, ideas, and thoughts,
these picces of information can be more casily ma-
nipulated.

The production of written notes, though, is itself
a difficult activity. As research on note taking has

demonstrated (e.g., Brown, Bransford, Ferrara, &
Campione, 1983; Hidi & Klaiman, 1983), young stu-
dents, if they take notes at all, often tend to rely on
unreflective note-taking strategies, such as verbatim
copying of information. Most of this research, hov-
ever, has focused on the ways in which students
derive notes from written text. Little 1s known how
and the extent to vrhich students take notes on infor-
mation sources other than text.

This paper reports the results of a study in which
we asked a group of middle-school students to take
notes on information from multiple sources in the
context of solving a science problem. This research
allowed us to investigate the ways in which s:udents
interpret different types of information in their notes.
In addition, we were able to examine the extent to
which note taking contributes to students’ under-
standing of .icw materials.

THE STUDY

The rescarch on note taking was part of a larger study
thatexanun.d the effectsof a suftware program called
Inquire on students’ learning of science concepts and
skills. Inquire is a prototype software system that has
been developed at Bank Street College to support
students’ inquinces in science. The software provides
students with a set of analytic tools that allow them to
refine, analy ze, and revise qualitative and quartita-
tive information. A central part of this program is an
“information module” that provides structures for
students to record, identify, query, and manage infor-
mation.

The participants in the study were seven siath
graders between the ages of 11 and 12 years. The
students worked individually, in six onc-hour ses-
sions, on a science problem using the inquire sysiem
and content materials in multiple media. The science
problem that guided otudents’ inquiry was taken
from the domain of sports science. Students were
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asked to select individuals from a team of runnersas
entrants in a 100- and a 200-meter race, and were
required to justify their selections “scientifically.” The
problem required students to understand and recog-
nize the value of three different kinds of information:
the physical science factors involved; the ways in
which the two races differed in their performance de-
mands; and the critical qualities of the runners. The
central concept that organized the problem, and that
students had to learn about in their inquiry, was the
concept of “acceleration.”

For the inquiry problem work, students were
given a variety of materials to work with: (1) a 12-
minute video episode illustrating and explaining
aspects of movement in animals; (2) different kinds of
texts about motion concepts, which included a
physicist’s account, a coach’s account, and a newspa-
per article about motion on the moon; and (3) datain
the form of tables and graphs about runners’ charac-
teristics and performances (see Figure 1).

o [NERPEN
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3

H

Students were presented with the video and the
texts, as well as the runners’ tables and graphs, and
were asked tc take notes using the Inquire system.
While the students were asked to use all of the mate-
rials, it was left to them to decide whether or not to
take notes on the different materials. The students
spent a total of two sessions reading, watching, and
interacting with the materials and taking notes on
them.

Another procedural element in our study was a
pre-and post-test. These tests were included to assess
changesin students’ understanding over the course of
the study. In the pre- and post-test, we examined
students’ understanding of the concept of accelera-
tionina variety of contexts. First, students were asked
to produce a voice-over narratior: for a video episode
from the 1936 Olympic sprint of Jesse Owens. In a
second task, the students were asked to draw graphs
of the runners’ performances and explain graphs by
others. Third, students were given a standard physics

3

H
{Type of Source Description

Reforence

4
: i Video 12-minute segment that compares animals’ Boswall, J, (producer, writer). £1291).
13 (human and non-human) ways of running A1lmal Olymplans. Boston, MA: \VG3H,
f
]
-2
4 rexts 1. A physleist's account, examines the Brancaslo, P.J, (1984). Sports Science.
© 3 concept of acceleratior: 'n the context of New York: Dodd, Meud.
.3 running
i
i3 2. A coach’s account, explains different Sullivan, G, (1981), Botter Track forGils.
: running techniques and requirements of New York: Simon & Schuster
L different races
2 A newspaper arlicle, explores how runners Brancaslo, P.J. (Sept. 10, 1987). Sports
: would run on the moon on the Moon. San Francisco Examiner,
Py 9/10/87
3 Tables 1. Data on spdnters’ ablliles (maximum Inquire project, Bank Street College of
i spaed, endurance, reaction time, tralnability) Education
: for each of 11 runners
f 2. Dataon spdnters’ acceleration (distance Inquire profect, Bank Street College of
3 run and speed reached at eleven one-second Education
H Intervals during an 11-second tralning sprint)
"‘ Graphs 1. Speed-time graph for oach of the 11 Inqulre project, Bank Street College of
i funners Education
: 2. Speed-distance graph for each of the 11 Inquire project, Bank Street Collego of
: funners Educaton
i 7
> Y
i 3, Distance-Ime graph fo: vach of the 11 Inquire project, Bank Street College of
H unners Education
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problem concerning differently sized blocks sliding
down an irclined plane, asked to predict what would
happen, and then to explain what they observed. The
post-test included two adaitional video segments,
one showing a cheetah chasing prey, and the other a
race car driver who experienced rapid acceleration
and deceleration. The students were asked to provide
scientific explanations of the motions they: observed
in these events.

RESULTS

Spontaneous Note Taking

The notes produccd by the students using the video,
thetexts, and the runners’ graphs and tablesserved as
the main data source for our analyses. These notes
were on the average 393 words long (with a range of
127 to 556 words).

The first question with which we examined these
notes concerned the amount of notes students pro-
duced for each source. Figure 2 shows the perceatage
of notes that were derived from each of the different
sources.

The data indicate that there were dramatic differ-
ences in the extent to which students made use of
different sources in their notes. The students derived
the majority of their notes from the texts, followed by
the video, and then the tables and graphs. On the
average, 84% of the notes were derived from the texts,
9% werederived from the video, and 7% were derived
from the tables and graphs. The same ranking of the
sources is obtained when we compare the number of
students who used the different sources for their
notes. All seven students produced notesbased on the
information presented in the texts, six students took
notes on the video, three studentsderived notes from
the tables, and only one student took nctes on the
graphs.

While these differences in students’ utilization of
various information scurces are interesting, there are
many factors that could have contributed to them.The
sources differed not only in the way information was
presented, butalso in the kinds and amounts of infor-
mation that were contained in them. We decided to
extend our analyses to examine whether there were
any differences in the note-taking strategies students
employed with different kinds of sources. For this
purpose, we proceeded to analyze the content of
students’ notes in terms of how information was
summarized and integrated. We will discuss the re-
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Figure 2

sults for the notes from each of the different sources in
turn, beginning with the video notes.

Even though the notes that students deri.cd from
the video are relatively bricf, they refluct a surprising
sophisticaticn (see Figure 3a). Al! six of the .tucents
who produced notes from the video included state-
ments that either summarized whole episodes of the
video (21% of the notes) or statements that integrated
particular pieces of informaticn across different epi-
sodes of the video (38% of the notes).

The remaining 41% of students’ video notes con-
sist of paraphrased statements of details that were
derived from the voice-over narration of the video.
Interestingly, notes taken on the video focused pre-
dominantly on the nairation rather than the visual
images. Only one student made a statement in his
notes that was clearly derived from the images alone
(i.e., "It looks like people push off on the front part of
their feet”).

hevd.
n3
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The students were selective in terms the informa-
tion they included in their video notes. Rather than
following the strategy of summarizing the whole
video sequence, students appeared to selectively rec-
ord information they considered relevant to the sci-
ence problem they were working on. They organized
at least some parts of thcir notes around information
that was relevant to the physical science factors in-
volved in running, the performance demands of dif-
ferent races, and/c. the qualities of the runners.

The notes that students derived from the teats
differed in several respects from the video notes (see
Figure 3b). First, students showed a stronger ten-
dency to copy their notes verbatim from the teats. On
the average, 34% of students’ notes were copied ver-
batim, while 66% of the notes were paraphrased. In
addition, students were not quite as successful in
integrating information within or across segments of
the texts as they were in dealing with the video.

Onthea rage, 56% of students’ notes consisted
of statements that were derived froni low-importance
detail information (e.g, particular examples) in the
text The remaining notes consisted of statements that
integrate information within a paragrapk (37%) or
across paragraphs (7%). The organization of students’
text notesfollowed thelinear sequence in which infor-
mation was presented in the texts. Even though the
students produced notes on the kind cf information
that was relevant to the science problem, such as the
physical science factors involved or the performance
demands of the di‘ferent races, none of the students
organized his or her notes around these issues.

. - Teth, Rep. No. 81
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Finally, the notes students derived spontaneously
from the runners’ tables and graphsreveal yetanother
kind of nota-taking strategy. These notes consisted of
students’ inferenczs about the information presented
to themr. ther than suramaries of the information. All
of the students who produced these notes listed the
names of preferred runners and noted justifications
for thuir selection, making reference to impertant
physical science factors. Herze, when taking these
kinds of notes, students not only summarized but
interpreted the information within the centzx of the
science problem they were solving. In addaition, in
making their interpretations and justifications, they
integrated the information presented in the graphs
and tables with information they had previously
encountered in the video and the texts.

In summary, we found not only quantitative dif-
ferences in the way students derive notes from differ-
ent sources, but also qualitative differences in note-
takinyg strategies. Text-based materials elicited a great
deal of note taking from students, but their notes
revealed little evidence of information integration or
interpretation. The reverse was true for the video and
the tables and graphs. While students took relatively
few notes on thes., materials, they engaged in more in-
tegrative and in‘erpretative note taking. Itisn _rest-
ing to note that the sources represent different points
onacontinuum from the most inguistically based in-
formation source to the least hinguistically based in-
formation source. Ourresultsindicate that thelesshin-
guistic an information suurce is, the less likely stu-
dents are to take extensive notes on them, but if they
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dv., they tend to employ the more sophisticated note-
taking strategies.

Pre-/Post-test

In our final analyses, we examined whether the prog-
ress students made in their understanding of the
concept of acceleration and their note-taking strate-
gies were related. According to our pre- and post-test
measures, all of the students made some progress in
understanding the concept of acceleration in different
contexts. Some students, however, advanced consid-
erably more than others and we were interested in
seeing whether differences in note taking could be
detected for those students who made considerable
progress, compared with those students who made
less progress and displayed lower levels of under-
standing on the post-test. The students were divided
into two groups—a high-and alow-progress group—
based on their change scores between pre-and post-
test and their mean post-test score. There were three
students in the high-progress group (one girl and two
boys), and four students in the low-progress group
(two girls and two boys).

We found interesting differencesbetween thetwo
groupsof students (see Figure4). First, the studentsin
the high- and low-progress groups differed in the
overall amount of notes they produced. The students
in thehigh-progress group tended to take fewer notes
(on the average, 334 words long) than the students in
the low-progress group (on the average, 437 words
long). In addition, even though the notes of the high-
progress students were shorter, they managed to
include information from a greater variety of qualita-
tively different sources compared to the low-progress
students. All of the students in the high-progress
group derived their notes from the video and the
texts, and two of the students in this group also
produced notes on the tables and graphs. Only one of
the low-progress students used the video, the texts,
and the tables as sources. The other students in this
group used either the video and texts or the textsonly.

We also found that students differed in the extent
to which they integrated information in their notes.
Overall, the notes of the high-progress students re-
flected moreinformationintegratio: withinandacross
segments of the information sources than the notes of
the low-progress students. On the average, only 43%
of thenotes of the high-progress students consisted of
statements of details, as compared to 51% of the notes
of the low-progress students.
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These results suggest that the way in which stu-
dents produce notes is indeed related to their under-
standing of the materials they are working with. It
appears that reflective note *.king that utilizes mul-
tipie information sources may confribute to the under-
standing of new information.

DISCUSSION

In conclusion, we would like to address some of the
educational implications of this research. An impor-
tant point to be made at the outset is that the produc-
tion of written notes per se does not guarantee better
understanding of new information. Our research
suggests that if students use note taking as a mere
transcribing (or copying) exercise, it contributes very
little to their understanding of new materials. In order
for note taking to be helpful for students, it needs tobe
used in a reflective manner.

Wty do students often fail to use note taking in
such a way? Our research suggests that students do
not altogether lack the ability to use reflective note-
taking strategies, but that their note-taking strategies
depend on the context of the activity and how they
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interpret il. It appears that students predominantly
interpret note taking as a transcribing exercise rather
than as a reflective activity that could be helpful to
them. Traditional riedia such as texts and oral lan
guage are inost easily recognized by young students
as souices f~r written notes. The linguistic nature of
these materials makes them most compatible with a
transcribing approach to note taking. Nonlinguistic
information sources, on the other hand, are not as
easily recognized as sources for notes, very likely
because these materials do not lend themselves to
transcription or copying (at least in a written form). If
students utilize these kinds of sources to derive notes
from them, their note-taking strategies necessarily
haveto be morereflective, since the transcribing strat-
egy does not work.

Fur students to use note taking in a more mean-
ingful and efficient way, they need to learn to appre-
ciate the reflective nature of the activity. There are
multiple ways in which this can be accomplished. Ap
important element in such efforts should be to deem-
phasize the transcribing function of note taking and to
emphasize the reflective aspects of the activity. One
way in which educators could engage students in
more reflective note-taking strategies is by encourag-
ing them to take notes on a wide variety of informa-
tionsources. This would allow them to pract.ce reflec-
tive note-taking strategies in the context of nonlin-
guistic sources. In addition, reflective note taking
could be supported by providing students with guid-
ing questions for their notes. We carried out such an
intervention in our research.

To Lelp students interpret a series of graphs that
they produced with an electronic motion detector
(TERC), we asked them to take notes about the mean-
ing of each graph, as well as to compare pairs of
graphs. The intervention turned out to be quite suc-
cessful. All the stedents actually took notes on each of
thegraphs. and mostoftheir notes contained interpre-
tative elementsratherthanjustdescriptivestateme..ts.

Another way to promote reflective note taking,
especially with text materials, is to encourage stu-
dents to produce “notes on notes.” By structuring
their note takinginto a two-step recursive procedurz,
students may learn to distir,guish between note tak-
ing as a record-keeping tool and note tuking as an
analytic tool.
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The Lexington Cenfer

INTRODUCTION

=~ ehave been studying the possibility of
enhancing both literacy and science
skills among deaf students by engag-
ing them in purposeful science learn-
ing using a local arca computer net-
work. We use the term “literacy” to refer, most obvi-
ously, to any engagement with print (reading and
writing) and, less obviously but just as relevant, to
activities thatlead to engagementwith print (e.g., con-
versation around print, practice at particular lan-
guage skills). We rerort on some tentative results of
research on the ways literacy work and science work
werepresentand related incomputer-networked Earth
Science classes at the Lexington School for the Deaf.

There are two points to the paper. First, in actual
clussrooms, literacy and science work were overlap-
pirg and mutually constitutive of activities and les-
sons. A tremendous amount of focused classroom
interaction went into discussions of new words, the
ways in which to include them in sentences, and the
struggle to get them written down. Althoughour data
come from classrooms for the deaf, for whom spoken
and written English can be difficult enough, we be-
lieve this can be the case in many science lessons.

If we are correct, literacy work is at the core of
classroom science work and must be made a more
obvious part of the science curriculum. Further, we
can rely more on important subjects such as science to
educate students who are having trouble with literacy
skills. There is ne reason, for example, that deaf stu-
dents should be deprived of science lessons because
spoken and written English come slowly to them.

The second point is that the computer-networked
classroom organizes interactions that arc education-

ally productive. This is the case, first, because the
network highlighits the literacy work embedded in the
saience lessons. Students must writeeverythingdown
on the network. Not only does this give them much
time on task in both literacy and science, but our data
indicate that italso encourages teachers and stuaonts
to attend to the various reading and writing devices
they need in order to do the science work. Second, the
network isa resource for powerful pedagogy because

allows for so much conversation among the chil-
L fen.

We are excited that from our first intuitive over-
view of the data, the network seemed (0 establish the
social and conversational grovnds for both literacy
and science to be acconiphshed. The chuldren were on
task, and the tasks became part of the fabric of the
interactions among all the people in the classroom.

Our data fo identifying these connections come
from observations of more than 75 science classes,
open-ended and structured interviews with teachers
and students, videotapes of networked and non-net-
worked science classrooms, collected written science
matenals and products of assignments, and a corpus
of more than 2,500 electronic mail messages generated
on the network. We conducted several preliminary
analyses of electronic mail usage and function, an
analysis of student writing, and an analysis of pat-
terns of interaction 1n networked and non-networked
science classrooms (Goldman et al., 1988). The com-
plimentary findings from cach of these analyses con-
tributed to our conclusions.

We discuss our conclusions by taking the follow-
g steps. For the remainder of :hus introduction, we
provide background information about the problems
deaf students face nside classrooms, the evolution of
our research collaboration, and the level of our stu-
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dents’ hearing impairments. This information helps
to familiarize the reader with our goals and provides
a backdrop for the discussions and examples of stu-
dent work that follc w. We then present the relation-
ship between science and literacy work as we saw it
through our different analytic lenses. We start with an
example of how a typical networked lesson required
students to practice both literacy and science skills.
We then look at two ways that the science teachers
developed lessons on the network. One teacher used
the network interactively with students to conduct
content review sessions, while the other teacher used
the network as a tool for adapting textbook materials
in order to reducc the students’ language barriers.
Each method for using the network increased stu-
dents’ participation in lessons and completion of as-
signments. Finally, we describe briefly the qualities
and processes in students’ networked writing that in-
dicated a rich emergence of literacy around science.
Taken together, the three discussions allow us to see
how lesson planning, learning needs of students, and
tiaresource of a technology interacted to define liter-
acy -rich science activities. We conclude by discussing
the waysin which networked interactions are worth-
while developmental activities.

Background of the Problem

There isan urgent need to improve science and liter-
acy education in America (National Commission on
Excellence in Education, 1983; NRC, 1985; NSBC,
1983). Evidence from cognitive and educational re-
search suggests that to foster an unierstanding of
science that will develop a science perspective and
body of knowledge, motivate further interest and
learning as well as transfer to situations outside of
school, science instruction should permit students to
participate actively in ccience learning. Children
should engage in inquiry activities and ask questions
as they conduct hands-on scientific investigations
(Kyle, 1978); work collaboratively with other students
(Riban, 1976; Slavin, 1983; Webb, 1982); and make
connections between their understandings of science,
other aspects of their school work, and familiar events
in the world (Hurd, 1986; Jackson, 1983; NCEE, 1983).

These conditions are rarely established in science
classrooms. These problems are exacerbated for deaf
students, since 90% of deaf children are born to hear-
ingparentsanddon’t have alanguagebase when they
enter s~hool. Much school time is spent learning lan-
guage das an activity in and of itsclf. Limited literacy

Tech. Rép, No.:

contributes to keeping the deaf out of both the main-
stream of education and subjects like science thathave
specialized vocabularies, processes, and perspectives.
Deaf children who graduate from high school have,
on the average, reading skills below the fifth-grade
level (Allen, 1968).

Takentogether, thisinformation suggests thatitis
notsimply what students learn that must be changed,
but that the processes of teaching and learning in sci-
ence classrooms must be altered. To improve the
literacy and science learning problems of deaf chil-
dren, one would need a learning environment where
science skills and language skills were not disembod-
ied school activities, but situated in the flow of pur-
poseful learning. Science learning would involve
students” communicating with a number of audi-
ences, including classmates, teachers, and hearing
students. We attempted to establish such an environ-
ment by using computer-network technology.

History of Collaboration

Aware of the need for new kinds of learning environ-
ments, the Lexington School for the Deaf began to
emphasize students’ use of language and communi-
cation as a means of accomplishing purposeful school
activities and real-life tasks. Bank Street College and
Lexington Center began to collaborate in finding ways
to enlist new technologies for creating improved
communication environments inside school where
reading and writing could become natu: ol conversa-
tional forms of communication for intellectual and
social purposes. Literacy Network was founded as
part of that larger eftort because there was evidence
that computer networks could support this kind of
environment. Networks link computers so that a
person at one machint. can communicate and share
information with a personatany other machine on the
network. Our hope was that by using a local area
network technology, students’ reading and writing
work would not be disembodied activity, but would
become an essential part of purposeful learning ac-
tivities in other curriculum areas. Additionally, we
hoped that students would develop a sense for com-
municating with differentaudiences, including class-
mates, teachers, and students in other schools.

A network called Earth Lab, which was devel-
oped at Bank Street College and show . promiseas a
communication tool, was introduced in two earth
science classes at the Lexington School in February
1988." Students in high school earth science classes
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participated in the network project. All of them had a
profound hearing loss in excess of 80+ dB. Basically,
the students could not hear closing doors, footsteps,
orsounasinthe normal speechrange. That meant that
many events, including those in classrooms, shad to
come into awareness through the visual channel.
Teachers and students used sign language, lip read-
ing, and a variety of visual aides in order to commu-
nicate during lessons. The local area network technol-
ogy infused the classroom communication scene with
areadingand writing channel, allowing for new ways
to receive, process, and hold on to information.

SCIENCE AND SITUATED LITERACY

Literacy Situated in Science Lessons

Whenwe analyzed observational data, we were struck
by how much literacy skills were attended to in the
process of accomplishing science work. There were
two main findings in this area of the evaluation. The
first was that literacy work and science work were
overlapping and mutually constitutive of networked
lessons. Thisis important becauce while we recognize
that literacy is always important, we often ignore its
presence as a foundation of the work in the curricular
areas. The communication needs of deaf children
make the need for recognizing the literacy underpin-
nings of science work all the more obvious. This
makes a strong statement that we might need to
concentrate on how we orchestrate literacy in our
science lessons and, correspondingly, expect that our
students might learn more science as well.

The second finding is that networked interactions
are worthwhile developmental literacy activities. The
network I.elped students work onliteracy and science
as mutually constituted problems and provided a
social context within which both could be accom-
plished.

In what ways did the networked science class-
room provided a rich environment for literacy learn-
ing? When students went “on line” for sc¢’ 2nce they,
by necessity, had to read and write a great deal in
order to communicate about their ideas and the pro-
cedures they were following. Completion of the sci-
ence lessons demanded constant attending to read-
ing, writing, and spelling. The students became sub-
merged in a print environment from the time they
logged on, received a greeting from the teacher, and
were given directions for the day’s activities to the
time they sent work back to the teacher for feedback

and printed acopy of the assignment to takehome. An
example of a typical networked lesson helps to illus-
trate this mutual construction of activities.

The students were working in a unit on rocks

and minerals. After studying minerals, students

were asked to identify mirera’s by their specific

characteristics. They used « teacher-created data-
base on the network for the exercise. Each student
was given a sheet of paper with “clues” to help
them in the search for minerals. A clue might read.
“My color is black and my hardnessis 5.” Each clue
gave the students a combination of information
about a mineral that distinguished it from all of the
others. If studenus picked out the pertinent infor-
mation and then used it to search the database, they
would retrieve one mineral data card from the
corpus. Done correctly, they would identify the
mineral with certainty. If students chose the wrong

or irrelevant information from the clue or if they

constructed an unacceptable sentence for search-

ing the databass they would not be able to isolate

the mineral they needed to ideatify. In that case,

they mightretrieve several .ninerals (e.g., all miner-

als with a hardness of 5). If that happened, the

students would haveto browse through eachof the

records that were pulled from the database, and
then skim several records in order to match the
information in the :lue with the information on
each mineral record (i.e.,is this mineral black?). The

“browse” method was chosen by many of the stu-

dents, although it was the less efficient way to

complete the task. When the teacher noticed that

the students were browsing, she stopped the activ-

ity and announced that she was requiring thc siu-

dents tu identify the two or three pieces of relevant

information in the. clue and construct a search that
would turn up only the correct mineral record.

This activity was literacy intensive. The stated
science-related goal of the activity was to help stu-
dentsbecome more familiar with the characteristics of
minerals and 0 learn how those characteristics are
used to identify minerals. Although unstated by the
teacher as a set of goals, the students’ activities were
literacy-skill intensive. Students had to read for the
most important information, identify the categoriza-
tion system and the names of the categories, and
construct full and often complex sentences. This sen-
tence construction task required the employment of
categorization schemes and the use of skills that deaf
students needed practice with, such as using articles
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and conjanctions. Even the browsers did a great
amountof literacy work. They were, in fact, practicing
the skill of skimming for the relevant information.
These particular literacy skills were evident in each of
the database activities conducted during the study.
The irony in this is that the science teachers stated
often that they needed to concentrate on sciencelearn-
ing and had little time to spend on language skill
remediation. They did feel that students’ language
needs hampered the progress made on science learn-
ing, but felt those problems should be handled by
other teachers. Their view was perfectly consistent
with the way the school was organized, given that the
students spent a high percentage of their elementary
sch~ol years learning language skills.

Wehighlight this set of activities because they are
representative of a basic problem in education and a
corresponding solution in the network. Literacy was
thewarparoundwhi~+  escienceactivity waswoven.
This was mostly ign. even when the very literacy
skills being demandea were the skills that the stu-
dents were lacking. We were delighted to see that our
networked lessons made the practice of literacy part
of purposeful learning activities.

Teacher Use of Electronic Mail

The decision to pursuea network was based in part on
the hunch that it would increase students’ participa-
tion in written English, and in part to provide a new
environment for science learning. The science teach-
ers received training to familiarize them with the
nelwork and the kinds of activities it might support.
They eventuallyused the network to organize arange
of assignments and activities. Electronic mail became
the application of choice. Electronic mail was used to
give instructionsand directions; carry on class discus-
sions; complete assignments, tests, and science writ-
ing tasks; and give feedback and evaluations. Each of
the teachers developed ways to use the network that
matched their classroom goals and personal prefer-
ences and styles. Each used the network in a way that
breughtliteracy work to the fore ront of science learn-
ing activities.

One teacher used electronic mail interactively
with students as a review device for test preparation.
Students received a set of review questions over the
mail system and set out to answer them. During class
time, the teacher sat at a terminal to collect her mail
and respond personally to the students’ answers, This
allowed the students to work independently and at

their own pace, while making timely responses from
the teacher possible. All students participated fully in
the networked reviews exercise, which was unlike the
paiterns for face-to-face classroom discussions where
itwasusual for only a coupleof students to participate
actively in responding to a question (Goldman et al.,
1988). (naddition, students could print outa record of
the entire question-answer-clarification interaction
and use that information to study for their test. The
ability to print out was welcomed by students who
had the problem of missing entire segments of the
signed discussions while they were looking at their
notebooks and writing notes.

The other teacher used electronic mail to present
modifications of the state-mandated science texts to
the students. She modified the language level of the
texts to make them more readable and consistent with
the language level and presentation style used in her
written materials and classroom lectures. With the
text and assignments un the network, she felt she was
able to better assess the students’ understanding of
science information and concepts. This turned out to
be significant because, with this method, students
were not hampered by their restricted accessibility to
language and completed three assignments in the
same time they previously completed only one. The
results were impressive. The print environment in-
creased the students’ productivity by minimizing
language discrepancies and allowing them to spend
more time interacting with science concepts.

Andlysis of Electronic Mail Writing

Lessons on the network also encouraged students to
write a great deal. They completed many kinds of
writing in response to assignments and social re-
quests. They wrote daily science journals, completed
worksheetsand assignments, reviewed for tests, typed
homework, and had written social and academic
exchanges with their fellow students. Many of the
activities featured dialogic interactions between stu-
dents and teachers, such as responding to the teach-
ers’questioning, reccuntingevents,and creatingevent
casts and stories. In these interactions, students used
writing to make requests; negotiate behaviors; inves-
tigate; communicate inform..tion; express opinions;
evaluate themselves, their writing, and their class-
room activities; accomplish social goals; and create
fantasies. These kinds of interactions are present in
thelanguage development of hearing children (Heath
& Branscombe, 1984) and are encouraged in many
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writing development programs (Graves, 1980).

The messages from electronic mail were analyzed
to describe the development of the students” writing
and to see if the network provided a forum for social
interaction and science experiences. We looked spe-
cifically at how the different patterns of interactions
and tasks around writing influenced students’ writ-
ing.

Weexamined all of the writing that students sent
on the network. Multiple samples of each student’s
writing were read to delineate features, find develop-
mental pattern., and determine students’ fluency.
Eventually, we concentrated on studying features of
writing that were part of communications with teach-
ers or other adults, or writing that underwentrevision
processes. We found that the network provided op-
portunities for rich interactions around science to
occur. The network also served «s a channel for stu-
dents tohave conversationsin writtenEnglish.In gen-
eral, the students showed an ability to control their
ideas and content in their written work. They had
problems at the level of the sentence with word order
and the use of unstressed words.? At the level of the
paragraph, students had difficulty in using literary
conesive devices (e.g., although, then, afterwards,
while) and elaborating on ideas. The encouraging
resultis that students did organize their thoughts and
used inventive ways to circumvent their lack of con-
ventional English skills.

Our most promising developmental find was that
the students used a variety of writing conventionsand
p Jcesses in these communications and often incor-
porated features of more experienced writers. Most of
the networked conversations had a quality of “speech
written down.” Even so, students referred generally
to initiating messages and wrote responses in full
sentences. We saw frequent use of the vocabulary and
structure of initiating messages in responses. One boy
used the vocabulary of the questica—What are two
ways that clastic rocks form?—in the topic sentence,
and then used numbers to organize his response:?

There are two ways that clastic rocks form are

(1) from the pressureintheocean orlakes. (2) thece-

ment—when the minerals in ocean water stay

behind while the water evaporates. The minerals
glue the rock pieces together.

Students tended to organize their responses by
paragraphing, makinglists, or utilizing “signal words”
such as “first”” or “next’ to orient the reader. For
example, one boy organized his response to “List the

three classes of sedimentary rocks and the sediments
that the rocks in each class is made of” by using three
paragraphs to correspond to the three classes:

Clastic rocks formed inside ocean beds and
any water bodies that from fragments rocks be-
came cement make two fragments of rocks to-
gether.

Organic rocks formed on or inside crust that
thousands years of fossils when dead plants and
animals remain to broke into pieces of plants or
animals. Also, inside water that sea animals died
many yeéars ago, their shells broke into pieces or
remain on limestone’s surface.

Chemical rocks formed near bay or coast that
two minerals mixed into rock whenin water, itfloat
to shore, and rock was evaporation action.

One girl responded to “Describe the two ways
that clastic rock can form” by using “2 ways” to
organize her thoughts:

1way underwater pressuretherock together 2
way there 3 different kind of rock like calicat, halite
and quartz stay in water when evaporate they
became glue together
This indicated that the students benefited from

the interactive nature of these written lessons. They
ould elaborate on current skiils and mudel new skills
they encountered in the writing of others. For ex-
ample, one boy responded to the Trivia Question,
“Why do you think some baseball players put black
lines under their cyes when they’re playing ball?”
the recason why the baseball player want the
black stuff to put the eyes and it help the player to

see the ball when it fly and it help to sec better and

it block the sun

We found that the network provided opportuni-
ties fo: students to communicate about science through
:eading and writing. The networked interactions also
provided opportunities for students to work collabo-
ratively with others in trying out new language skills.

The Relationship of Writing

and Social Interaction

Welooked specifically at how thedifferent patterns of
interactions and tasks around writing influenced
students’ writing outcomes. We concentrated on
writing that was embedded in communications with
teachers or other adults, and writing that underwent
revision processes. Results of the analysis indicated
some trends and generated some recommendations
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about how to capitalize on the interactive nature of
classroom science activities to encourage the practice
of writing and writing skills. Improvement in the
quality of student writing could not be evaluated
properly. Current evaluation methods are unable to
locate growth in writing development in the short
period of time that constitutes a school year. In addi-
tion, the naturally occurring tasks of the networked
activities defied standardization of writing evalu-
ation tools. We were, however, able to identify emer-
gent patterns: students’ writing was better when they
wrote to outside audiences, responded to teachers’
questionsand requests, and engaged in writing proc-
ess work and revision processes. This meant that
writing practice, and most likely writing develop-
ment, was intrinsically tied to the kinds of learning
activities that the students got to experience.

The network did provide a tool for writing to
emerge in the course of doing science activities, and
that makes the choice of selection and organization of
activities all the more important. The science teachers
will inadvertently be structuring literacy skill work
for their networked students. Now there must be
ways to design classroom activities that attain science
goals and capitalize on activities and techniques for
improving students’ writtenliteracy skills. We deline-
ated some patterns in students’ writing that were
contingentonthe pedagogical interactionswith which
the students were involved.

Writing that was part of a string of interactions
rather than a result of a single assignment produced
longer, more cohesive texts related to classroom con-
tent. When teachers responded in a timely manner to
students’ science journals or written requests, stu-
dents produced more text and, often, more cohesive
text.

Messages that asked questions of students gener-
ated the longest responses and often resulted in stu-
dents clarifying ideas they had presented in an earlier
correspondence. This worked similarly to revision
techniques practiced in many writing process
programs, which have demonstrated positive results.
Ingeneral, students were quite responsive to the indi-
vidual attention they received from their teachers
over the network, and reciprocated accordingly by
producing more text communication.

New kinds of communications opened up be-
tween students and teachers. Students wrote about
their feelings to the teachers. They wrote about why
they didn't like the way science class was going, and
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how they feltabout the teacher’'s mood in class. Rarely
do studentshave the opportunity for this kind of com-
munication in the classroom. The science journal was
the vehicle for this personalized writing. Often these
journals were written by students using the network
during their lunch or study periods. The quality and
length of the journal writing varied and actually
seemed to go up and down at different times during
the school year. Journal writing improved in overall
quality when teachers and students used the journals
for conducting conversations with each other. Stu-
dents did not initiate many questions insice their
journal writing. But when teachers asked questions,
they answered. In the instances when the journal
became a vehicle for ongoing dialogues between
teacher and student, it resulted in more eventful writ-
ing experiences.

Science teachers could capitalize o these trends
by structuring journal requirements in ways that
encouraged particular styles, lengths of texts, and
topics to write about. In addition, the data point to the
need for the teachers to converse electronically with
the students on a regular basis. The journai has the
potential to be a powerful tool for both science and
literacy learning if it is attended to by teachers in a
conscious way.

We found that more cohesive accounts were
written when students communicated with outsiders.
In several cases, this had to do with the fact that
written work underwent lengthy revision processes;
in other instances, the communications were with
students and adults outside of the immediate science
classroom. Science writing to expanded audiences
showed more correctness and fluency. This suggests
that students should be required to respond to each
others’ work, produce assignments collaboratively,
and correspond with other adults and more expert
writers.

SUMMARY AND CONCLUSIONS

Ouranalyses revealed characteristics of a new kind of
communication environment that Literacy Network
enabled in the science classrooms that make ita prom-
ising develof mental environment for literacy skillsin
the long term. There was a great amount of literacy
situated in science learning, and teachers were able to
havemorereliable information about wherelanguage
barriers existed that impeded science learning or
communicating about science informaiion or con-
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cepts. The interactions inside the science lessons had
all of the features necessary for literacy develop-
ment—communication and interactions between
teachers and students based on developing higher
order skills such as problem solving, categorization,
and the expression of ideas.

Our preliminary analyses of electronic mail indi-
cated that students have complex thoughts about
science, although they communicate them in many
forms ~f writing in many emerger-{stages. The follow-
ing example illustrates that while this student is not
yet a fluent user of written English, she can monitor
her progress and ask questions about her complex
ideas:

HI AND I STILL LEARNING THE MINER-
ALSBUTITSHARDLY TO UNDERSTAND HOW
CAN U EXPLAINING ABOUT HHOWW SCIEN-
TISTS WERE AWARING ABOUT ROCKS FORM
AND ALS?D HOW CAN YOU EXPLAIN ABOUT
HOW SCIENTISTS DISCOVERED THE MINER-
ALS AND HOW THEY RESEARCHING THEM.
Thisst-..dentis thinking, expressing herideas,and

writing questions—all in the area of science. Her
questions to her teacher moved beyond tne bounda-
ries of the curriculum. She questioned the work of
scientists and the process of science.

We believe the network made possible an eff2c-
tive literacy and science environment for deaf cail-
dren where reading and writing became a natural
conversation-like form of communicatior. Still, there
is a great need for support if a variety of networked
activities are to be developed and implemented in
classrooms. Many of the science writing experiences
that were possible demanded large amounts of time
aud people resources in the science classroom. This
presents problems for science teachers, who are
mandated to cover a certain scope of science content
during the year and have minimal expertise as lan-
guage teachers. There would be much to gain if sci-
ence teachers and writing teachers could work to-
getherto plan for,implement, and assess sciencegoals
and literacy goals. New kinds of curriculum struc-
tures and ways of thinking about the disciplines need
to be created, implemented, and studied in order for
the connectedness of literacy and science work to be
realized.

Notes

An earlier version of this paper was presented at theannual
meeting of the American Educational Research Association
in April 1989. We thank Alison Matchews, Deborah Brienne,
and Dr. T.J. Matthews for theirresearch contributions to the
project. We are grateful to Grace Ann Ashley, Anita Lang,
Elizabeth Precourt, and their students, who madeall of their
classes and work available to us. We appreciate the com-
ments that Jan Hawkins, Ray McDermott, and Mary Budd
Rowe made on our AERA presentation.

1. The Earth Lab project capitalized on the communication
features of local area network technologies to create an en-
vironment for science learning that would model the col-
laborative work of real scientists. On a local area network;, all
computers are wired together making it possible for a per-
son at one machine to communicate and share data with a
person at any other machine.

2. Ameasurcofstudent’s syntactical ability was determined
by systematically calculating the number of corrections
necessary to transform a message into acceptable standard
English. As such, the measure confirms the effort that a
teacher must make in order to fully understand a student
and can be used to assess his/her progress.

3. All examples are in the form originally composed by
students and teachers.
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