ED 292 645
TITLE
INSTITUTION
SPONS AGENCY
PUB DATE
CONTRACT
NOTE

PUB TYPE

EDRS PRICE
DESCRIPTORS

IDENTIFIERS

ABSTRACT

DOCUMENT RESUME

SE 048 994

Educational Technology Center Third Year Report.
Educational Technology Center, Cambridge, MA.

Office of Educational Research and Improvement (ED),
Washington, DC.

Nov 86

400-83-0041

50p.; For the first and second year reports, see SE
048 992-993.

Reports - Descriptive (141) -- Reports -
Research/Technical (143)

MF01/PCG2 Plus Postage.

College Mathematics; College Science; *Computer
Assisted Instruction; Computer Networks; *Computer
Uses in Education; Courseware; *Edvcational
Technology; Higher Education; Matnhematics Education;
Naticnal Programs; *Research Projects; Science
Education; Science Teachers; Secondary Education;
*Secondary School Mathematics; *Secondary School
Science; Videodisks

Mathematics Education Research; Science Education
Research

The Educational Technology Center (ETC) was

established by the National Institute of Education in October, 1983,
in order to f£ind ways of using the computer and other information
technologies to teach science, mathematics, and computing more
effectively. This report describes the ETC, presents its framework
for research, and summarizes work on 1l research projects. These

projects dealt with the following topics: (1) weight and density; (2)

heat and temperature; (3) scientific theory and methods; (4)
hypothesis testing in genetics; (5) geometry; (6) word problems; (7)
fractions; (8) programming; (9) applications of computers; (10)
videodisc technology; and (11) science teachers' networks. (TW)

kkhkkhkkkhhhkdkhdhhhhhhhhhkhhxihhhkhkdhhkkhkhkrhhhhhhkdhkhhhkkkhhhkhkkhdhkhhhdihkk

* Reproductions supplied by EDRS are the best that can be made

%

kkhkkkkhkhhkkhhhkhdhhhhhhhdhhhhhhrhhhhkhhhhhkhhhdhdhhhhhhdhhdhhkhhhhdhhhhhk

from the original document.




EDUCATIONAL TECHNOLOGY CENTER

Third Year Report

P

The Educational Technology Center is operated
by a consortium comprising

Harvard Graduate School of Education
Educational Collaborative for Greater Boston
Education Development Center
Children’s Television Workshop
Educational Testing Service
Interactive Truining Systems
Rhode Island/Brown Technology Consortiur
Carbridge Public Schools
Newton Public Schools
Ware Public Schools
Yatertown Public Schools
WGEH Educational Foundation

November 1986

This is the annual report on the Educational Technology Center’s work under
contract number 400-83-0041 from the Office of Educational Research and

- Inprovement. Opinions expressed herein are not necessarily shared by OERI
and do not represent its policy.

BEST COPY AVAILABLE




4 TABLE OF CONTENTS

Introduction.llllllll.llll..ll.l.l.lll.....l.lll.ll.l.ll...lllll.lll 1
Research ProjectS.cecscccccescccsesecssasssssssssccsssssssssscnassae &

Research in Science EducatioN.eccccecesccocosscccssccscessscsssse @
Weight and Density...sceececsssssscccccccassssssssssssssssssss 9
Heat and TemperatUre.....cccovsesssssccccscsccsssssscsssssssass I
Scientific Theory and MethodS...ccceeeecccscscsscorcscossonsees 12
Hypothesis Testing in GeneticS...c.eeceeceesecccsssssvssassnsss 15

Research in Mathematics EdUuc8tiON..c.cecccecsssccsscccsscnsonossse 17
GEOMEETY v eeossoesssnoessssesssnscsssossssssossscsesscsssssses 17
Word ProblenS.cceecesscscscscosascscsssvsssssssasassscsssassssssase 21
FractioNSecescessnosccsssssossesssosssasasssassssssssssncssasssss 20

Research in Computing Educ@tiON..cceccccesssscssssccsscnssesssss 28

. Programming..cceccescecccsssorscsccescsscscsscscsssccssscssascns 28
ApPPlicAtiONS.eccseccassoccccsssescassassosccssnsssssssssasssss 31

- Research in New TechnologieS....ceeeccecccscesscsscsosssscssvses 31
videodisclll..ll.ll..llll.....ll.l.llll.lll.ll.l.ll.l.lllll.ll 32

Science Teachers’ NetworK.eeceesseocecsssesssssossasasssssessssse 39

Dissemination and Training...ceceeiccsscscscoosssacscnscsvoosssossess 39

4




INTRODUCTION

The Educational Technology Center (ETC) conducta research on ways of
using computers and other information technologiea to teach sacience,
mathematica, and computing more effectively at the elementary and secondary
levela. Funded by the US Department of Education in 1983, the Center
completed ita third year of reasearch and associated activitiea in September
of 1986. Thisa report deacribes the Center and summarizea the third year’s
work.

ETC is a consortium based at the Harvard Graduate School of Education.
Participating with HGSE in the third year’a work were the Cambridge,
Hewton, Ware, and Watertown, Kaasachuaetta achool ayatema; Children’a
Taleviaion Workshop: Education Collaborative for Graater doaton; Education
Development Center; Educational Teating Service: Interactive Training
Syatems: and the ETC Rhode Ialand Satellite, led by reaearchers at Brown
Univeraity.

The composition »f ETC reflectas our interpretation of and approach to
the miasion we were chartered to pursue. As & research center devoted to
formulating and testiag fundamental ideas about the uae of information
technology in aciencn, mathematica, and computer education, it is
appropriate that we are based at a major reseurch university and that
several of our partners specialize in R&D and in the application of
technology in education. But as the central place of achool-baaed
organizations in the consortium indicatea, we have been committed from the
outset to producing ideaa that are as uaseful for the improvement of
instruction aa they are theoretically powerful.

In choosing the foci for our reaearch, we began by convening groupa of
subject matter specialiate, cognitive paychologista and other educational
reaearchers, teachera, and experta in technology. The groups were charged
with the task of identifying topics that were at once intellectually
central to the reslevant dlaciplinesa, hard to learn and hard to teach, and
potentially amenable to ireatment with the aid of information technology.

The notion waa that certain ideas and akilla were perennial stumbling
blocka for large nuzbera of atudenta as well as sourcea of fruatration for
their teachers. These are the kinda of topica about which many atudentsa
would later say, "I waa all right in mathematica until I got to _________ "
or "I decided I was no good at acience because I juat couldn’t vnderatand
_________ ." And teachera would aay, "For years I’ve been trying to teach
________ , but every year only a few kida really get it."

We think of these keoy ideas and skills as obstacles that block rany
atudents’ progreas in acientific and quantitative couraeas of atudy. Sonre
studenta drop out of or turn away from thease courses; some get through by
uaing recipea, rituala, and rote memorization; only a few achieve real
underatanding and facility. 1In effect, then, these intellectual obstacles
set limits on the achievement of scientific and quantitative literacy in
our society,
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Paradoxically, this very fact means that they also represent gcod
targeta for research -- atrategic research opportunities as well as
persiastent educational difficultiea. Strategic research opportunities
because they preasent persiastent difficulties for atudents and teachera. To
auggeat the dual nature of thease topics, we coined the term "targeta of
difficulty." By finding wayas to break through theae difficultiea, we hope
to contribute to a broad advance in acientific and quantitative literacy
nationwide.

Qur large collaborative groupa of teachera and academica did identify
targets of difficulty that appeared central to the disciplines and
challenging to teach and learn, and amaller research groupa representing
all of the same perapectives and backgrounds were aasembled. For three
yeara now, these groups have bheen carrying out close analysia of the
subject. matter itaself; examining atudenta’ ~onfuasions, misunderatandings,
and progreas in graaping the subject matter; developing and testing
teaching interventions to improve their grasp; and deviaing waya to use
technology to support teaching and learning.

As the project~by-project summariea in the next three sections of this
report reflect, reaearch groups have placed differing emphasea upon these
four interrelated foci of our work (aubject matter, atudentas’ thinking and
learning, teaching, and technology). In general, however, our research hasa
evolved from an initial emphaais on clarifying the essence of the difficult
subject matter itself and on u.deratanding children’s confusions about it,
toward development of technology-based or technology-supported teaching
interventiona.

Qur inveatigation of atudenta’ thinking and learning atanda within the
conatructiviat tradition of cognitive paychology, a tradition that views
learning aas a proceaa of building upon or reconatructing ideaa already in
place. Thus, to achieve genuine underatanding in acience, atudenta nusat
undergo conceptual revolutions analogous to those which characterize the
hiastory of sacience. The development of underatanding as well as facility
in mathematicas and computing requires similar conatruction 'and
reconatruction.

The experinental teaching unita developed by different projecta vary ain
significant waya, but bencath the variation, noat share an image of
teaching not aa teiling, but as the creation and management oS environments
that promote such conatruction and reconstruction of knowledge -- an
approach which we refer to aa quided exploration. Guizded exploration 13 a
teaching atyle thet blends ideaa and techniquea from the traditionas of
direct inatruction and inquiry-based teaching, balancing atructure and
openneas, atraightfeorward inatruction and relatively autonomous but
"acaffolded" inquiry by atudents.

The structure is provided in several ways, including the poaing of
problems; explicit instruction in the methods and/or mentai models to be
enployed in addreasing problema; providing software tools with a fiexible
but atill limited aet of capabilitiea for representing the problen,
nanipulating the representationa, and/or taking experimental data related
to the problem; building atepwise instrictions into curricular materialsa:;

<y
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giving asaiastance as requested during the period of problem solving,
exploration, or experimentation, frequently in the form of Socratic
queationing to help studants resolve puzzles or anawer queations for
themaelvea; orcheatrating follow-up discussions to help atudents articulate
and interpret what can be learned from their experience in addressing the
problem; and a number of other =meana,

Within this framework, studenta’ exploration or inquiry takes various
foras. In acience, they perform experiments and work with computer-based
nodels of the phenosena they are investigating. In mathermatics, they use a
software tool to carry out geometric conatructions easily and rapidly, thua
developing an inductive understanding of important geometric relationships;
in solving word problems, they use a software tool that permits the
formulation and examination of problem asituatiors in several different
systems of repreaentation aimultaneously (iconic, graphic, tabular,
aymbolic): in underatanding fractiona, they perform a diverase set of
exarcises with number line representationa. In computing, atudents attack
traditional programming problems with the usc of new "mindware' -- mental
nodels, heuriastica, self-monitoring techniques ~- learned in specisl
“meta-lasaons."

In & guided exploration approach, both the teacher and the technology
play very different roles from the roleas they play in the context of
conventional CAI applicationa. The teacher’s role is to provide the kind
of structure, "scaffolding," and support deacribed above. The computer is
generally employed as a tool for the student -- a tool for taking and
displaying data on physical and biological phenomena; conatructing and/or
manipulating mocels of auch phenomena; performing geometric conatructiona,
taking data on the resulting figures, and teasting conjectureas about the
generality of obaserved relationshipa; representing and solving word
problema; and writing, testing, and debugging programs. It ia not used as a
tutor, drillmaater, teat adminiatrator, or inatructional manager.

As the foregoing auggests, our technology-supported guided exploration
approach to instruction differa subatantially from the common instructioral
approach in many clasarooma, and the introduction of computera is by itaelf
far from the greatest of the differences between our approach and current
practice. For many teachers, adopting and implementing a guided exploration
approach involvea significant changes in assumptions about the nature of
knowledge and learning (constructed rather than given), the role of the
teacher (atimuiating and guiding inquiry rather than telling), the role of
the student (active inquirer rather than pasaive recipient of knowledge),
aa well as about the role of technology (tool for the astudent rather than
tutor and drillmaster).

Such changea in beliefs, to aay nothing of the correaponding changes in
behavior, do not core eaaily. If we hope to affect practice, we therefore
face a major dissemination and implementation challenge. In addressing
this challenge, our first atep ia to find anawers to the question, “What
does it take to get a technology-supported guided exploration .pproach into
practice in regular clasasrooms, and what does the implementation proceas
look 1ike?"
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fate in the third year of our operation, we laid the groundwork for 2
set of five "laboratory sites" designed to answer these questions. During
Y the summer of 1986, we negotiated to set up iab sites in the four ETC
consortium school districts pius Boston. We provided orientation and
initiai training in three experimental units -- one each in science,
nathematics, and computing -- to voiunteer teachers from each 0f thne sites.
In the fall of 1986, Appie Computer, IBM, and Hewlett-Packard provided the
necessary equiprent for the effort; Sunburst Communications suppiied the
mathematics software; and Technical Education Research Centers contributed
the science lab peripherals and software. Throughout the 1986-87 school
vear, we are continuing to provide consultation and technical assistance,
and we are examining the inplementation process in detail. The iab site
effort and the continuing work by the research projects summarized below
should put us in a good position to make our research pay oif for practice
and policy audiences as well as the research community during the fif*th ana
final year of our present contract, which begins in October of 1i987.

RESEARCH PROJECTS

Each of ETC’s research projects in science, rathematics, and computing
education addresses a particular target of difficulty in the K-1i2
curriculum. Each group has analyzed the subject matter in which its target

- is emberided, analyzed students’ difficulties with the subject matter, and
developed teaching strategies to help students through those difficulries.
Much of work in the Center’s third year involved testing of these teaching

- strategies, which typically conbine technology-based lessons with
traditional materials. Two of the research projects focus not on a target
of difficulty but on the educational potential of emerging technoiogies
that are not yet widely available in schools.

RESEARCH PROJECTS IN SCIENCE EDUCATION

The study of matter and the study of energy make up a substantial part
of the elementary and secondary science curriculum. The Weight and Density
Project is developing a computer simulation and accompanying teaching
activities that increase students’ perceptual access to the concept of
density by modeling particular properties of matter. A second project,
Heat and Temperature Project, focuses on energy and uses microcomputer-
based laboratory equipment to help students learn to differentiate heat
fron temperature, a conceptual reorganization that is the key to an
understanding of otner thermai phenomena encountered later 1n tne science
curriculun.

Two other science projects explore ways to teach students about nethnoas
of scienctific inquiry. The Scientific Theory and Metnods Project
concentrates on hypothesis formation and testing within the larger context
of students’ understanding of the nature of science. The Hypothesis
Testing in Genetics Project has investigated students’ iearning of the
scientific method within the more limited context of computer simuiations
of genetics experiments.
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WEIGHT AND DENSITY

Group Menmbers:
Carol Smith, Univeraity of Naaaachusetts, Boaton, Project Leader
Hicheline Frenette, ETC
Lorraine Groaalight, ETC
Mary Maxwell Katz, ETC
Grace LeBlanc, Watertown Public Schoolsa, Watertown, MA
Ralph Madaen, Newton Public Schoola, Newton, MA
William Radomaki, Newton Education Center
Judah Schwartz, ETC

The notion of denaity of materials is in many waya a conceptual
watershed in the pre-college acience curriculum. It ias the first intenaive
phyaical quantity a student encountera that can be understood in terma of
an underlying model, the particulate theory of matter. This theory holds
that matter is composed of a finite number of diacrete and uniform "bita",
each of which weighas something; that the weight of an object ia a function
of the number of bita; and that the denaity of an object iz a function of
how cloasely packed the bits are. Further, the bita themaselvea are arranged
into different kinds of fundamental building blocks or "atoma". Different
kinda of materials ara composed of different atoma, which vary in the
number and arrangement of these bita. For aolida and iiquida, the denaity
differencea of different material kinda atem primarily from the differences
in number of bita packed into an atom (and hence the overall weight cf the
atom); differences in the apacing of atoms explain less of their difference
in denaity. Thia aodel ia a major theoretical achievement -- built on both
obaervable and unobaservable properties and entitiea -- and ita conatruction
is a matter of doing real acience.

By junior high achool, students are expected to have distinct concepts
of weight and denaity, and e&~e taught how to measure the densities of
different subatances in grams per cubic centimeter. The notiona of denaity
and apecific gravity are central to the earth sciences unita commonly
taught in the seventh grade, but teachera commonly report that astudenta
have difficulty underatanding how to measure denasity. Later, the notion of
denaity is a conceptual prerequisite for underatanding the periodic table
and more advanced topicsa in high' achool chemiatry, biology, and phyaica. At
this point, teschers expect that studenta can not only measure denaity but
also understand densaity within the particulate theory of matter. However,
teachera and reasearchers alike conaistently note that studenta have
difficulty internalizing thia thnhory of matter from formal inatruction.

In earlier work, the Weight and Denaity Group sought to understand more
clearly the reasona that denaity was a difficult concept for children.
Clinical work reported in ETC Technical Report 85-15 showed that atudenta
have a qualitative precursor of a concept of density -- the notion that
objectas made of certain matarials are heavier for their asize than objecta
made of other materials. Thia notion enablea them to underatand that
objectsa which are the asare asize but made of different materiala may differ
in weight and that objects made of different materiala may have the sane
weight even though one ia larger than the other. However, this is an
imprecise notion {uct yet weight per unit volume) which does not lend

O
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itaelf to ready quantification. Because atudenta have no clear notion of a
unit size, heavy for size cannot define a quantity which ia diatinct from
weight -- it remaina a more qualitative notion. Further, because the
denaity of objects is not directly perceptible but muat be inferred by
relating the weighta and aizea of objecta, density ia a leas saalient
quantity than either asize or weight. Thua, in problema which cell for
atudents to think about density quantitatively, they confuse density with
weight. For example, they do not realize that the denaity of alurinum is a
conatant, under atandard conditiona, which doea not vary with the size and
weight of the object. Rather, they think that a big heavy piece of aluminum
ia denaser than a amall piece of aluminum.

Rationale for Teaching Approach and Overall Significance of Project

The group’s earlier work also suggested that a computer modeling
teaching atxategy might be a highly effective way of developing a clear
cuncept of denaity in children. The group had developed a computer prograa
in which quantities analogoua to aize, weight, and denaity were all
directly viaible <(aee ETC Technical Report No. 85-15 for detaila), and had
found that children could understand and reason quantitatively abou:. the
visual analog of denaity depicted in computer diaplaysa. The work
suggeated that teaching activities which involved atudenta in building and
working with concrete models of densmity would form a r.idge between their
qualitative precursor denaity concept and a more formal acientific denaity
concept.

In addition to promoting a clearer underatanding of densaity, the group
expected more general benefita from taking a computer modeling approach
with this topic: the computer modela could aid students in developing an
undexstanding of the mathematica of intenaive quantitiesa; teaching
activities involving computer modeling provide an opportunity for atudents
to learn about the nature of models in acience. The group planned to begin
with a sinple computer model repreasenting only three quantitiea -+ the size
of objects, the weight of objects, and the denaity of the materials the
objecta are made of -- and conatructing only objecta of uniform density and
rectilinear shape to avoid the problema of introducing objects of mixed
density at thia time (for example, objects with holea in the aiddile,
objecta made of different materiala). The idea was to begin with a =model
for which studenta would be able to aee direct empirical aupport and which
showa in e asimple and clear way the basic diatinction between intenaive and
extensive quantitiea. Graduelly the model can be complicated so that it can
account for a wider range of aituationa (objecta of mixed asz well as
uniforn dei1aity; denaity changea in materials with thermal expansaion, and
80 on) and ao that it relates to &an atomiatic theory of matter. <Changea in
the model will create the explicit need for children to conaider the
complex relation between the computer model and the real world and
underatand modela aa toels in ascience rather than as "truth". The group
choae not to begin with a full-blown atomistic modal aince children do not
start out by having an atomiatic ccnception of matter. It is more
difficult to provide clear-cut experimental support for such a model, asince
auch models are inherently more complex, and since the diatinction between
weight and denaity can be underatood without auch a conception. It as
important, however, to link nodels of denaity with atomiatic conceptiona in

10




Research in Science
Page 7

the context of diacuasaing the nature of acientific mudela and the
experirental conasiderationa which make auch a model plauaible.

Activitiea and Reaulta of Work in the Third Year

The work of the Weight and Denaity Group in the third year centered on
developing a claaarcom-based teaching intervention using theae ideas and
aaking a preliminary test of its efrectiveneaa. Thia involved aseveral
types of work.

Firat, the computer nodel itaelf had to be developed in order to mgke
it uasable for inatruction. The mcdel piioted in the second year had been
static, with linmited interactive capsbility. Work at the beginning of the
third year concentrated on making deciasions about what the model should
look like and developing v acheme for the interactive procesa. Three
computer programs were developed. A firat coaputer program allow~d
childrer to build objecta of different aizea and materials, order the
sbjecta, change them, view or nide their atructure, and requaat numerical
data about their size, weight, and denaity. Thia =model portrayed objects
with a grid and dots representaticn (asee Figure 1). In thia model, aize
was represented as number of aquares in a grid, density aa the number of
dots per aquare, and weight aa the total number of dota in a grid. Two
additional programs were developed which uased the basic model to do
simulat’ .as of ainking and floating experiments (aee Figure ?2). In both of
theae programa, the atudent could alter the density of the material the
object and liquid were made of to see how these changes affected sinking
and floating; in the second program, the student could vary the aize of the
object as well.

Second, teaching activitiea and materials had to be developed to use
in conjunction with the programa. In the teaching intervention, the group
wanted children to have experience working with real world objecta as well
as with the microworld, so that they cculd gain a deeper understanding of
the phenomena in queation and of the neaning of modeling. For exanmple,
raterialas were aselected whoase denaitien were in 1:2, 1:3, and 1:4 ratios,
so that children could have experience diacovering these re.ios and
modeling thea on the computer. Thease materials were cut in 1 cm cubes, so
that children could have experience building objects of known aize ain the
real world, the way they did with the computer. Alao included were
numerouag ainking and floating demonstration activitiea, including a "find
the fake" taask in which children were shown two piecea of clay of identical
size, one which sank in water, while the other (atuffed with cork) floated.

Third, the group needed tc pilot the teaching activities individually
with a group of atudents to find out how they would relate to the new
computer programas and teaching activities and to select an age grour for a
teaching intervention. Based «» the pilot work with fourth, fifth, and
sixth graders, the group decided to begin the teaching atudy with a
classroor of sixth gradera, who had more relevant knowledge and better
developed math akilla. The group alao realized the importance of uaing the
rodel firat to develop a qualitative underatanding of some of the
propertiea of denaity as an intenaive quantity, rather than expecting such
underatanding to come naturally from dealing with quantitative probleams.

11
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Fourth was the teaching atudy itself, which involved an entire sixth
grade claas in an elementary achool in Watertown, Maasachuasetta, in eight
claasroom seasiona. Students were aaked to invent their own ways of
representing the aize, weight, and cenaity of a disparate group of objects,
and their models were discussed. The teaching also introduced atudents to
the grid and dota computer model of denaity -- which waa ultimately used asa
a firat model in a longer teaching asequence about density -- and the three
computer programa which use this model in building objecta and in doing
ainking and floating experimenta. A pre- and post-teat aasasesament showed
that the teaching asequence was highly effective in helping children develop

a more explicit and integrated concept of denaity. The experience of

teaching also suggeated waya to improve the teaching sequence: (1) making
more use of & model frequently invented by atudents, which repreaenta
density gqualitatively and diacusaing the contraast between qualitative and
quantitative modela; and (2) embedding the entire asequence in an
exploration of ainking and floating, thua motivating the need for models asa
a way to resolve puzzles encountered with real world materials. Thia atudy
is reported in ETC Technical Report No. 86-5.

Finally, a pilot study was conducted with a aixth grade class t:
inveatigate the apecific ways that the computer program aided the learning
proceas (aee ETC Technical Report No. 86-13). At iassue were the role of
two representational featurea of the program -- the uae of the visual model
and the preasentation of numerical data -- in helping atudenta underatand
denaity. A research aasiastant conducted & tutorial with individual
students and the computer programa, using one or both of theae
representational fecturea. The data diaplay proved to be the moat effective
feature .0f the program in helping atudents improve their predictiona about
sinking and floating, while viewing a model of the internal atructure of
naterials helped atudentas to anchor their iormal definition of denaity to a
more intuitive underatanding. The studenta who worked with both forma of

. representation generally achieved the moat integrated understanding of

denaity, although thoase who worked only with the computer programs did not
do as well as those who (in the main teeching atudy reported above) worked
with both real world materialas and the program. It ia important to develop
computer programs with multiple forma of representation, and to embed work
with asimulationa in work with handas-on activitiesa.

Directiona for Further Work

The group is currently carrying out two studiea. The first ia a
longitudinal claaaroom-based teaching astudy (10 seaaiona) in one asixth and
one aseventh grade clasa. 1In the light of what waa learned in year three,
the computer program, leason plana, and teaching activities are being
revised and expanded, as are the pre- and poat-teasta. An individual
clinical interview used as pre- and post-test is being expanded to include
a wider range of problems sbout weight and density. A 4S5-minute written
teat with a combination of open-ended and multiple choice items haa been
developed and piloted for use in the current clasaroom atudy. In a second
atudy, the group will examine the effecta of teaching sequence and the use
of computer modela in atudent underatanding of denaity and flotation.

The acceond atudy will teat effects of uaing computer simulations and of the

1
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|
|
sequence of teaching activitiea on children’s understanding of density and 1
flotation in an experimental atudy using four treatment groups and a |
] control group. One hypotheaia is that atudenta who study flotation uaing
both a computer aimulation and real-world materials will more fully
integrate a flotation rule uasing density than studenta who uae only the
real-world materiala. A second hypotheais is that studenta who do
experiments to disconfirm & weight rule after they have been introduced to
the distinction between weight and denaity will more fully underatand the
counter-examples and reject a weight-based rule than those studenta who do
such experiments before denaity instruction. One group will serve aa a
control for the effecta of taking the preteat and will receive no explicit

0

teaching.
HEAT AND 1=MPERATURE

Group Membersa:
Marianne Wiser, Clark Univeraity, Project Leader
Susan Carey, Maassachusetts Inatitute of Technology
Stiliana Halkiadakis, ETC
George Martina, Newton Public Schools, Newton, MA
Lisa Teixiera, ETC
Robert Tinker, Technical Education Reaearch Center (TERC)
Martha Stone Wiske, ETC

The target of difficulty of this group’a research ia studenta’

- ur leratanding of bazic thermal physics, especially the differentiation of
heat and temperature. The group haas developed an intervention which usea
microcomputera in three different waya: aa laboratory tools to collect and
summarize real data (Microcomputer Based Laboratories or MBL); as a meansa
to run Laboratory Simulations, which aimulate laboratory experimenta on the
acreen: and ag a vehicle for preasenting molecular models that deronatrate
the molecular behavior underlying thermal phenonmena.

Underlying the group’s pedagogical approach is the view that learning
is the interaction between the information presented in claas and in
textbooks about a domain of knowledge and the pre-exiating knowledge a
astudent haa about that domain. Conaequently the group puraues three
interrelated goala: to characterize the initial atate of atudentsa’
knowledge (that ia, the ideas and concepta that the atudentz have developed
on their own and bring to the clasaroon); to develop a microcomputer-baaed
curriculum that is optimally adapted to thoae pre-conceptiona; and to
ronitor the resulting interaction between the atudents and the curriculun.
Research in previous years has concentrated on the firat two issuea; this
year, the group has addresged the third one.

Initially, high achool atudenta do not differentiate between heat and
tenpersture; they think of heat aa an intenaive quality which ia measured
. with a thermometer: the astronger the heat, the higher the level in the
thermometer. They have no concept of amount of heat in the extensive
sense. Because they think of asourcea of heat as comnunicating t .r heat
- (that ia, heat of a certain degree or intenaity) to recipientsa, concepta
auch as fixed pointa, latent heat, and apecific heat are impoaaible for
atudenta to underastand at thia point. The main goal of the group’s

ERIC Ta




Research in Science
Page 10

teaching intervention haa been to demonstrate that temperature does not
reasure heat and to introduce the concepts of unit and amount of heat. 1in
contrast to traditional laboratory methods, the computer hardware and
software developed in the course of the research give users direct
phenorenological acceas to those concepta and visually demonatrate that
heat and temperature are not slways correlated.

In the apring of 1985, the group conducted a study among ninth grade
atudenta; half of them received MBL inatruction and the other half (the
control atudents) received traditional inatruction (see ETC Technical
Report No. 85-17). The group further analyzed the resulta of that atudy
during the third year. These reaulta showed that atudents taught with MBL
were far superior to the control students at asolving problema about the
quantitative relationa among heat, temperature, and quantity of substance,
and about latent heat:; both advantagea are undoubtedly the direct result of
the hardware and software the MBL atudents uased. But at the level of
reconceptualization, which waa probed uasing a clinical interview, the MBL
atudenta were not better than the control students. Overall the number of
astudenta who achieved the conceptual differentiation between heat and
temperature was extremely small and those who truly underatood the concept
"amount of heat" even fewer.

Inastruction succeeded in inatilling the notion that heat and
temperature are different, and that mass is relevant to heat aeasurerent,
but failed at making students reject the idea that temperature measures
heat. Many atudents learned that "larger amounts of substance have more
heat" but concluded aeither that they muat therefore be hotter (because
temperature measures heat) or that heat has two different measures,
temparature and aaount. Thia concept of amount (amount of heat of a certain
degree) is obviously not the physaiciat’a concept. For example, it does not
allow one to underatand how the sane amount of heat put into different
rasses causes different risea in temperature, nor, conversely, how two
different nasses at different tenperatures may release the same amount of
heat.

Students appear very reluctant to give up their own conceptualizationa.
New information does not replace prior information; rather it ia added on,
or, moat often, it is distorted to fit into their pre-exiating frameworks,
thus creating further miaconceptiona. Specific heat is a case in point.
What atudenta underatood from the Specific Heat Lab was that substances
with a higher apecific heat abaorb more heat than aubatances with lower
apecific heat (because they have a lower density), and thus become hotter
when exposed to the asame source of heat; thia in turn forced thenr to
relinquish beljef in thermal equilibrium, which is incompatible with this
interpretation.

A second trial of the teaching intervention carried out in the spring
of 1986 (technical report in preparation) capitalized on the findings of
the 1985 atudy, which showed the need for more diveraified lab experiences,
and for classroom diacussions which addreaa directly the atudenta’
preconceptiona, the need to take into account possible misassimilations,
and the need to help atudenta integrate different aapecta of the thermnal
theory. In order to expoae atudent’. to more diverse lab experiencea, the
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group used Laboratory Simulations, which take lesa time (and thus allow
presentation of more experiments in a given amount of time) and give more
flexibility than real lab experimenta.

In asseasaing learning, the original clinical interview, whach ia tine-
consuming becauae it ia conducted individually, waa replaced by a written
veraion, administered collectively. Reaearchera designed a series of
multiple choice queationa, chosen from those that best revealed the
atudenta’ concepta. The validity of the "written interview" waas tesated in
a aeparate atudy, in which a group of atudents was adriniatered both the
oral and the written veraiona. The correlation between their anawers waa
sufficient to support use of the written versaion.

The results of the 1986 study replicate and extend those of the 1985
atudy. Again, the computer-taught atudents performed better on problens
about the quantitative relation among heat, maaa, and temperature and on
latent heat queations, eabecially on the more difficult problema for which
studenta have a atrong tendency to revert to their own framework.
Performance on the apecific heat quesationa was much better than in the 1985
atudy, eapecially in the conputer group. The new curriculum, including the
Laboratory Simulationsa, appeara to be dealing more efficiently with the
atudenta’ miaconceptiona. Aa in the earlier atudy, however, the interviewsa
revealed only partial reconceptualization, with no advantage for the
computer group. The computer advantage seens to be limited to
problem~solving and/or auperficial underatanding.

The group is presently developing computer-based molecular models that
will illuatrate various aapectas of the basic thermal theory: molecular
rotion as a function of temperature, increase in molecular motion as
dependent on number of molecules and amount of heat given to them, thernmal
conduction, energy exchange during molecular collisiona, and the molecular
basias for apecific heat. These molecular models may help atudents with
conceptual reorganization. By providing a common explanation for a wide
range of phenomena they ashould help atudents integrate different piecesa
of the theory end diaspel some of atudenta’ miaconceptiona (for exanmple,
that thermal dilation ia due to the molecules increasing in aize or that
heat ia an agent that makes rolecules move faater and alao nakesa them
hotter). Combined with MBL, the molecular modela may provide a powerful
illuatration of the extensivity of heat and of its relation with maaa and
temperature,

Two pieces of evidence fuel thia optimiam. In the 1985 study, all of
the atudents who achieved clear differentiation between heat and
temperature expreased the difference and relation between heat and
temperature in molecular terma. In addition, during class discussions, it
became clear that the only way for astudenta to underatand aspecific heat was
on a molecular basia; in fact, when apecific heat was explained on thia
baaia atudenta aeemed to find the notion rather atraightforward. This
experience asuggeats that that combining MBL, Laboratory Simuiationa, and
corputer molecular modela, as well aa educating teachera more thoroughly
about atudenta’ miaconceptiona, should yield good pedagogical reaults.
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SCIENTIFIC THEORY AND METHODS (STAHMPS)

Group HMembersa:

Susan Carey, Maaaachusetta Inatitute of Technology, Project
Co-Leader

Wayne 0’Neil, Masaachusetts Inatitute of Technology, Project
Co-Leader

Diane Bemie, Watertown Public Schoola, Watertown, MA

Mary Greavea, Mewton Public Schools, Newton, NA

Haya Honda, ETC

Eileen Jay, ETC

Robert Kilburn, Newton Education Center

Maxine Rosenberg, Newton Education Center

Chris Unger, ETC

Al Weinatein, Cambridge Public Schoola, Cambridge, HA

This group’s work proceeda on the asaumption that a acience curriculunm
has two legitimate goala: (1) to help atudents master the ideas in biology,
earth science, phyaica, chemiatry, or other fielda; and (2) to help
atudents underatand the nature of the acientific enterprise itaself. STAMPS
has focused on the second goal, approaching it in four atepa. Firat, it has
identified what it believea atudenta should underatand about the acientific
enterprise. Second, it has asseased what ia currently in the middie achooil
curriculua, by analyzing texts books and widely uaed teata. Third, it has
begun to asaseaa late elementary achool-age children’s conceptiona of
acience. And finally, it has deaigned and assembled curricular materials,
sone of which are microcomputer-bessed, to be uased &a a month long unit in
the seventh and eighth gradea. These materiala have now been extensively
piloted.

What Should Middle School Studenta Know About the Nature of Science?

At leaat aince the time of the curricular reforma of the 1960s, one
emphasia in acience education has been to impart the "procesa askills"
involved in conatructing ascientific knowledge, aa well as to impart the
knowledge that acientiata have conatructed. The proceasa skills that have
been the target of inatruction are extremely varied, and it 18 generaliy
agreed that the more complicated and specific akilla auch aa conductang
controlled experimenta, preparing data tablea, and graphing the results of
experimenta -- called integrated process skills in Science, A Proceas
Approach’as (SAPA) terminology -- should be targeted in the middle school
yeara. The STANPS group sharea with moat science educatora the commitment
to teaching these proceaa akills, but wishea to emphaasize more than aone
educatora the use of thease akills in theory conatruction and revision.

One example may make this poaition clear: some curricular unita on the
acientific method for junior high achool studenta teacnh then to identify
the independent and dependent variables in an experiment, and to identify
cases where two idependent variableas have been confounded. Children are
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- not, however, taught the very purpose.of the scientific method -- theory
building. They are not asked to diacuas wiat rakes tne effecta of sore
potential variables worth asaeasing and others not. Exiating curricula fail
to point out to atudenta that hypothesis formation and teating ave always
constrained by current underatanding of a phenomenon, and that aa people
begin to explore a phenomenon, they mright not ‘conceptualize tne relevant
variables for underatunding that phenomenon. Scientific undersatending
advancea when the inveatigators diascover new variables and concepts that
turn out to be useful in deacribing the phenomenon under question and that
generate atill nther phenomena unanticipated at the beginning.

What’as Now in the Curriculum

Texts

During the third year the group began by obtaining 23 currently uaed
junior high achool life acience, earth science, and general acience
texta. Twenty-two of the 23 contain introductory chapters on the activity
and/or nature of acience. The content of thease 22 chaptera was analyzed in
terms of three categoriea: (1) components of the acientific method; (2)
the role of the acieatific method in the proceas of acientific
underatanding: and (3) the nature of acience (aee Progreaa Report 86-11 for
details). The texts depict science itaself as problem solving; they define
the acientific methed aa a way of solving problema and characterize it as
being good for solving problema. They characterize the method very
generally aa "obaerve, analyze, synthesize, teat.'" Thus, with regard to
Category 1, there is some coverage, but very rarely did the texta diacuaa
the running of controlled experimenta. Fewer than half of the texta try to
give a feel for the nature of acientific knowledge, ascientific explanation,
or ascientific theories (Category 3) and none try to explain how the
acientific method method is useful in constructing acientific knowledge
(Category 2). Of the few texta that even try to diacuaa how hypothesea are
choasen, none mentiona the fact that the concepta that figure in hypotheaes
and theories are themaelvesa conatructiona (for exarple, force, cell, gene,
density, matter, enerqy).

Tesats

The group found five published testa of inquiry skillas deaigned for
-junior high achool aged children: (1) Middle Gradea Integrated Proceas
Skilla Teat (Cronin and Padilla); (2) Teat of Logical Thinking (Tobin and
Capie): (3) Group Test of Logizal Thinking (Roadrangka, Yaany, and
Padilla): (4) Teat of Enquiry Skilla (Fraser); and (S) Teat of
Underatanding Science (Klopfer and Carrier). The firat four of these tesats
are ailent on the nature and purpose of acience, covering integrated
proceas askilla (1), Piagetian concrete and formal operational skillas (2
and 3), and an even wider range of inquiry skilla, including, for example
the use of reference materials (4). The fifth, in contrasat, is entirely
different in acope and aima from the firat four. It aasaseases what the
student knows about science as a human endeavor and social institution. It
containa an excellent analayaias of the nature of acientific knowledge and
of the purpose of acientific inquiry. Thia teat haa been available for 20
yeara; unfortunately, ita analyaias is not repreasented in current junior
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high science texts or curricular unita on the scientific method. This
underuse may have two aourceas. It may be due to educatora’ acceptance of a
narrower conception of teaching proceas akilla. On the other hand, what ia
good in TOUS, and appropriate for junior high achool atudents, ias embedded
in & larger context that is not so appropriate. TOUS testa what the
student has constructed along the linea of a asociology of acience.

Children of this age know little of social institutions, and thus lack the
knowledge that would make a conaideration of acience aa a social
institution of any intereat. Questiona about personal contactsa,
profeasional organizations, funding for science, the education one needa to
bae a scientist, the existence of pure theoreticiana, the relation between
science and culture, and so on, are not likely to be meaningful to children
of this age. Emphasis on such isaues may have led Klopfer’s inaightful
analysia of the conatruction of acientific knowledge to have had leas
impact than it deserves.

In aum, with the exception of Klopfer’s teat, the analyaia of
available teats confirmed the concluaiona of the analyaes of the textsa.
The aaspects of the curriculum that concern conceptual change, the
conatructive nature of theory building, and the reasona for doing acience
are not represented in the current junior high curriculum.

What Studenta Already Know

In 1956, Mead and Metreaux published a report in Science of the
results of interviews with several thousand high school students from all
over the USA. When asked about science itself, students provided a
poaitive view: acience is a grand activity, resulting in surprising and
powerful knowledge. In contrsat, when asked about the life of a acientiat,
@ negative picture emerged. Science was painted aa exacting a terrible
toll: the scientiat tcilas for years, not guaranteed of making an important
diacovery, ir which case his labor would have been in vain. Male students
did not want to become scientiata and female studenta did not want to nmarry
acientiata. Mead and Metreaux concluded that what waa nissing in acience
education was any feel for the actual day-to-day intellectual activity of
the acientiat. While it is true that great diascoveriea or conceptual
advances elude moat acientiata, acience ia a social activity affording much
intellectual asatiafaction, even in the ashort run. The STAMPS group hopes
that selected lesaons in the month-long curriculum unit it has deaigned
will provide what Mead and Metreaux called for.

The group devised & clinical interview, based on the work of Mead and
Metreaux, and adminiatered it to six students entering seventh grade (aee
Progreas Report 86-11 for details of the interviewa and their analyais).
One atudent, who had a longatanding intereat in acience and who came from a
apecial progran for gifted children, showed without a doubt that a
sophiaticated and rich underatanding of the nature of acience can be
achieved by at leaat aome children of this age. Like Mead and Hetreaux’a
senior high achool atudenta, the other five atudenta had conatructed a
negative view of the life of a acientiat; they would not want to be one and
they do not know any. Their imagea were more immature (for example, one
explained that a acientiat cannot have a normal fanily life because the
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preasident is likely to send him away for a year on some important project),
but the overall impreasion is the same. In addition, some atudents viewed
scientiats as nerds and acience itaelf as boring.

Not surprisingly, these atudenta, like thoase of Mead and Metreaux, had
no idea about. the day-to-day intellectual activitiea of acientiata. They
did not underatand what experinents are for (toc experirent, for them, is to
try aomething new, like putting cream cheese on graham crackersa), and had
little inkling of the cumulative nature of the enterprise. While two of
the aix (including the advanced atudent) understood that theories can be
wrong, none expreased a clear underatanding of the conceptual advances that
characterize the scientific enterprise. 1Inasofar aa these atudents were
able to characterize acience, they did so in terma of exploration, of
gaining new knowledge, and of technological advancea. The moat
sophisticated atudent, in contrast, alao underatood quite a bit about the
nature of acientific explanation, and he saw acience as the search for
verifiable explanationa of natural phenomena.

The goal of the curricular unit that the group has devised during the
paat two yeara ias to begin to move the underatanding of moat aseventh
gradera (which is assumed to resemble that of the five atudents
interviewed) towards that of the aixth atudent.

The Month-Long Curriculum Unit

ETC Technical Report No. 86-11 containa a full deacription of the
curricular unit that has been devised and extenaively piloted. Witn
reapect to process akilla, it focused on the idea of "the experiment." The
emphasia is on atating clear hypotheses, manipulating independent
variablea, controlling variablea, making data tables, and graphing results.
What is innovative about the curriculum ia ita use of computer software to
attain theae ends and of new "handa-on' unita to practice theae skilla.
Each claaa will practice theae proceas akilla in the service of two amali
piecea of actual theory building, which incorporate diacuaasiona of how the
procesa of data collection, atating and teating hypothesea, and =so on,
contrioutea to the building of explanatory theories of the world. Thesae
materiala are receiving field teats in full clasarooms during the 1986-1987
school year.

I
HYPOTHESIS TESTING IN GENETICS

Group Membersa:
Boria Rotman, Brown University, Project Leader
Thomas Bibert, Providence Public Schools, Providence, RI
Maurice Blaia, Providence Public Schoolsa, Providence, RI
Paula Evana, Brown Univeraity
Bennie Flemring, Providence Public Schoola, Providence, RI
Ted Kellogg, Univeraity of Rhode Ialand
Jon Latsason, Providence Public Schoola, Providence, RI
Edward Pascarella, Providence Public Schools, Providence, RI
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The Rhode Iasland/Brown Technology Consortium joined ETC at the

beginning of FY 86. Adding RI/BTC waas the Center’s response to a mandate

. in the original Requeat for Propoasal to expand the set of school diatricts
served by the Center after the firat two years of work. Inatead of airply
adding another achool diatrict, the Center intended to reproduce itaelf in
ainiature, with Brown bearing the aame relationship to a new aet of achool
districta that ETC beara to the four achool diastricta already in place as
renbers of the consortium. The group was subcontracted to do research on
teaching hypotheais teating through the uae of computer asimulations of
genetica experimenta. .

Plans for the work of this group, led by Brown Univeraity in
collaboration with the Providence, RI schools, were reviewed in November
1985 by the ETC Agencia Committee and were submitted soon thereafter to
OERI. The group was developing software and lesaon plana to uae ita
computer aimulations of genetica experimenta with Biology I atudenta. The
aimulationa allow a identa to enter data and to examine software-generated
data on traita of different asize aamples and over several generationsa.
Lesaona were desigied to preasent the simulationa to whole claaases with a
large screen vidzo projector. Pilot teating occurred in several phaaea.
After completind one round of teata in one clasaroom, the group revised ita
software snd leasona and conducted further claaaroom teata. In December,
the group reviewed ita results from those teats and made further
adjustmenta.

In a third phase of pilot-testing, group membera used their
experimental leasons and several assesament procedures with clasasea in two
high achoola. The experimental intervention conaisted of four claases
astructured around computer-based aimulationa and inatructional sequences.
Asaeaament procedurea include a pre- and poat-teat to asaeas atudent
learning, a quesationnaire to solicit atudenta’ reactions to the
experimental leaaona, videotanea of the experimental claasarooma to analyze
teacher behaviors and interactiona with atudenta, and an interview
conducted with teachera after the intervention. Based on resulta from
thease claasarooma, group members revised four elements of their materiala?
the software, aaseaanent measurea and procedures, teacher preparation
methoda and materialas, and supplementary inatructional materials such as
homework asaignmentsa,

Finally, in May 1986, the group conducted a 7-hour workshop to train
five teachers from two public high achools in the use of the revised
rateriala., The teachera learned to use the software and related materiala
and then conducted the experimental leasona in a seriea of four claaaroon
seaaions with their atudenta. The research group gathered information
before and during thia teaching experiment. Students were teated before
and after the intervention, teachera completed a queationnaire, and about
20 houra of videotape were recorded during the leasona. Teachera also
reviewed their experience with the research group after the experimental
leaaona were completed. These data were analyzed during the sunmmer.

. In one of the atudy’s moat encouraging findinga, analysis of videotaped
leasons revealed that teachers in the esperimental unit used nore higher
order questiona than the literature on teacher queationing would predict,
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althougn they did not spontanecusly lengthen the "wait times" aiter their
questions. Students reported thaet more group discussion cccurred during
these lessons than in their reguiar science classes. Findings regarding
the effectiveness of the simulations in teaching hypothesis testing were
inconcluaive, auggesting that a more extended intervention wouid be needecr
t- see significant change in this area and that measuring student sikills in
this area is difficuit.

Teachers in the teaching experiment reported that they would use the
materials again. They did, however, suggest mnodifications in the soiftware
and in the lesson plans, so that activities in the unit could be used more
flexibly by both students and teachers. For example, teachers were
concerned that lessona in the experimental unit were of varying length and
constructed according to a tight linear sequence. If students missed or
failed to understari an intermediate step, they tended to lose interest in
the remainder of the sejuence. In addition, some of the iessons did not
fit confortably into clasgs periods. In general, teacher feedback was
helpfui in suggesting ways to make the structure oif the materiais more
adaptable to variations in instructional setting.

In Septenber, atter considerable discussion as part of the planning
and budget process within ETC, the C.-Directors deternined that budget
reductions necessitated the discontinuation of funding for work on this
project. The group presented a full account of its findings in its final
report, ETC Technical Report No. 86-6, Teaching Scientific Hethodoiogy
through Microcomputer Sinulations in Genetics.

RESEARCH IN MATHEMATICS EDUCATION

Two of ETC’s mathematics projects, Word Problems and Geometry, are
exploring ways of harnessing the computer’s representationai and
conputational power to give students greater access to meaning 1in
mathematics and to provide software environments in which students can
build the critical cognitive links among multiple representations oi
nathenatical phenomena. The Word Problems Group is developing nmultipie
representation software to help students in learning about intensive
quantities, while the Geometry Group is exploring the potential of
innovative software to enable teachers and students to integrate inauctive
and deductive reasoning in the teaching and learning of geometry. fThe
third mathematics project, Fractions, has developed hands-on activities and
a software environment that approach its target of difficulty using a
linear model within the context of measurement.

GEOMETRY

Grouvp Members:
Daniel Chazan, ETC, Project Leader
Ruth Byron, Bedford Public Schools, Bedford, M4
Myles Gordon, Education Deveioprent Center
Richard Houde, Weston Public Schools, Weston, KA
Kevin Schoen, Weston Public Schools, Weston, HA
Patricia Stayn, Watertown Public Schools, Watertown, HA
Michal Yerushalmy, Education Develcpment Center
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The traditional geometry curriculum relies hsavily on deductive
thinking and on memorization of axioma, poatulates, and proofa. Students
muat manipulate the lawa and formal representations of geometry without
being able to try inventing laws and teating the propertiea of geometric
shapes on their own. The Geometry Group ias exploring the educational
potential of the Geometric Supposer, a software environment that enablea
atudenta to make quick, accurate geomstric conatructiona and thua to engage
in making and teating their own conjecturea. The Group ia developing and
teating teaching materiala that integrate thia inductive approach with the
more traditional geometry of deductive reasoning and two-column proofa.

The group’a goala in 1985-86 were to continue to atudy the development of
students’ geometric reasoning skills and to inveatigate isaues asacciated
with claasroom implementation of ita innovative approach to the teaching of
a traditional mathematics topic.

The clasaroom-based research focuaed on three areas:

(1) How students make the tranaition from the apecific to the general
in geometry;

(2) How studenta formalize their hypotheses and generalizationsa;

(3) How the roles of and relationshipa among students, curriculum, and
teacher are affected by the new technology (aoftware as well as
hardware) in the claaaroom.

The Geometric Supposer, is a seriea of aoftware proarams that enablea
usera to draw geometric shapea and elementa, to make meaurementa on those
constructions, and moat importantly, to repeat thoase constructions on
random shapes of their own conatruction. During the paat year the group
has atudied three high achool geometry clasaes that used the software
throughout the year, aiming to engage studenta in significant methematics-
building and hypothesias-generating activities.

The three clasaes atudied were located in different Boston area
communitiea. The firat, in a middle-claaa auburban town, had 8 studentsa,
was considered a geometry class of low ability, and met in a computer lab
with deska in ¢the center of the room and 10 Apple II’s around the
perimeter. The second, an honora clasas in a middle clasa/working-claas
auburb, waa composed of 18 freshmen and met both in a regular claaarocom and
in a lab on different floora. The third class, in a wealthy auburb, was
conposed of 18 atudenta, waa the loweat level geometry clasa in the schocl,
and met in a regular claaarcom and in a lab two doors away.

At the beginning of the year, teachers were given a topic outline and
problem seta for the year’s curriculuam. Theae materials paralleied the
traditional content and topica of the regular geometry curriculus.
Initially, teachers used all the problems the group wrote for them. Later
teachera selected problema and rewrote them for their classea. For the
period bracketed by the February and April achool vacationa, teachers were
free to use the software when and how they wished. For the final four to
aix weeka, atudents worked on one of a number of Supposer projecta -- more
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open-ended, more complex, muiti-atage problems which teachers rewrote for
their classes.

In general, when using the Supposer teachera introduced a topic in the
clasaroom and gave atudentas problema related to the topic to work on in the
computer lab. Then the data and findinga from the lab were reviewed and
discussed by the class as a whole. The focus shifted gradually during the
year from data collection to the making of conjecturea, and eventually, to
formal procf. Thia shift waa in part dictated and deliberate, and in part a
natural shift prompted by studenta’ evolving senase cf what was necessary
and important.

Sources of data included: pre and poat teata on generalization,
biweekly clasaroom observationa, student work, minuteas of monthly meetings
with the teachera as a group, a year-end teat on argument and proof, and
interviews with the teaclieras and a sample of students.

Iasues of Iaplementation

The year’a work revealed that the kind of teaching and learning
thia approach and intervention make poaaible presenta challenges for
teachera and for studenta aa well.

Teachers need apecific askilla for atructuring productive atudent
inquiry and inveatigation. Theae include:

(1) designing problema and problemr-solving experiencesa that are geared
to teach specific geometric content and inductive akills;

(2) knowing how and when to provide atructure and assiatance without
dempening atudent initiativa:

{3) underatanding and comaunicating their own problem-solving
atrategiea as modela for studenta to emulate;

{4) coping with and supporting inquiry in a claas that nay have
branched off in many directions (for example, providing guidance
and feedback);

{5) tranaformning individual student inquiry and findinga into a
learning experience for the entire 2laass (how to facilitate
participation, liatening, and learring in a aath claas

discuaasion);

(6) integrating inquiry learning in the lab with naterial presented ain
a traditional manner in the cleasroon.

Teachers z2lso confront isauea of closarcon managerent. These include:
(1) acheduling and coordinating clsssrcom and computer tine;

(2) providing atudenta with acceas to computera for individual work;
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(3) £inding claas time to present material, rev:iew honework, model
probler-aolving atrategiea, have atudeiita investigate in the lab,
dissusa lab work and provide feedback to individuals on the lab
work:

(4) teating for and grading student inquiry;

(5) coping with different questiona coming simulcaneously from aa nany
as 10 pairs of students in the lab;

(6) pairing atudents for effective lab work (a suktle matter involving
peraonalitiea and social relationships as well as ability levels):;

(7) meeting departmental and district demands related to curricular
objectives and standardized exans.

Taking full advantage of the teaching and lea:ning that environments
such aa the Suppoaser promote requires considerable teachex planning and
effort on an ongoing baaia. Furtherxore, this spproach demanda of atudents
that they take on a larger portion of the reapcnsibility for learning. As
one student said in a year-end interview: “It”s differant. It’a like
abatract thinking. It’s different than anything else you’ve ever done. ...
Maybe a little harder than I expected. We have to think about everything
that you learn, inatead of juat having a teacher to teach you, mencrize,
and jJuast do it. You have to think about it youraelf."

Geometric Reasoning

Preliminary findinga about the developrent of studenta’ reasoning
akills auvggest several consequences of tha approach aupported and fostered
by the asoftware.

Firat, atudenta in the classes studied did not view diagrams aa static
objecta or entities. They were willing and able to think about a figure in
dynanic terma and to visualize what it neana to move a line or change a
triangle without actually doing the conatruction.

In claass discuasionsa, studenta often made convincing arguments using
their hands and their bodiea to demonatrate the manipulation of shapes and
conatructiona. Students made the tranaition from working and thinking of
drawings as detailed, specific casea to using more general diagrams whaich
repreaented classea of shapea and phenorena. They were able to nake the
diatinction between a verbal deacription of a problem and a diagram wharh
exemplified the desacription.

Secor , students found it more difficult than the group anticipated to
make con)ectures. In contraat to atudents from higher level claaaes
studied by group member Yerushalny in 1984-85, these atudents often found
it difficult to find patterns in their data and to atate those patierns :n
general terma. The group haa identified ancillary askills, probleas, and
atrategies that seem to foater and to facilitate conjecture-raking.
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Third, thia research contradicta the general wiadom that atudents who
learn geometry inductively will exXperience neither an intuitive nor a
logicel need for procf. On the generalization poatteat, treatment studenta
gave aignificently more arguments to asupport their generalizations than non
treatment atudenta.

The group’s findinga will be presented in full detail in an ETC
Technical Report to be available i . April 1987.

WORD PRIBLEHS

Group Members:
Jamea Kaput, Southeaatern Kausachuaetts Univeraity, Project Leader
Kathy Hollowell. Newton Public Schools, Newton, NA
Hary Maxwell Katz, ETC
Clifton Luke, ETC
Yolanda Rodriquez, Cambridge Public Schoola, Canbridge, Ma
Judah Schwartz, ETC
Carlos Vauco, ETC
Susan Weiner, Cembridge Puklic Schools, Canbridge, NA
Jane Weat, Newton Public Schools, Newton, MA
Martha Stone Wiaske, ETU
Claire Zalewski, Lexington Public Schosis, Lexington, MA
Philip Zodhiatea, Education Devel:.prent Center

Students’ well-known and pervasive inability to asolve word probleas,
and their diataste for doing so, prompted the selaction of word problers as
one of ETC’s original targeta of difficulty. Thae group’s earlier analyses
of multiplicative word problema in particular (see ETC Technical Report No.
85-19) agre=z with many other recent atudiea that attribute the heart of the
difficulty - a lack of appropriately rich and flexible cognitive modela i
the operations of multiplication, diviaion, and the associated idea of
intensive quantity. For the purposea of thias diacusaion, an inter ive
quantity is a ratio with referenta for each of the numbers involved. Thasa
definition includes continuous ratea (for example. speed in milea’/hour), as
well as diacrete 'per quantitiea" (for example, "3 people shaded per 2
treea"). In this summary, the terms “reasoning with intensive quantities"
and “reesoning with ratioa and proportiona" are used synonynously.

Because intenaive quantities seem to be at the nexua of those ideas
that atudenta find moat difficult, the group’a goal has been to link
atudenta’ concrete underatanding of situations involving intenaive
quantitiea with more abatract repreasentationa in asuch a wey that the
linkages would provide the meana for atudents to think flexably sith and
about intenaive quantities -- a ranp upward from their concrete,
aituation-bound conceptions to more abstract and powerful ones.

The group haa employed three typea of repreaentationa in several
learning enviro.umenta that can be used over several grade levela: a
concrete iconic representation uaing sets of acreen objecta, a nuaerical
table of data, and a coordinate graph. A fourth representation 18 used in
naw environmenta under developrent. All these environnenta are alsaso
intended to lead froa thinking with linear quentitative reletionships
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(which ia the conceptual context for these mathematical ideas) to thinking
with more general quantitative relationshipa (polynomiala, exponentialsa,
and 8o on) later in the curricuiun.

In each activity of each part of the software environmentsa, the student
ia an active deciasion maker. The computer’s role is to carry out the
intentions of the student and render the adequacy of the atudent’a choicesa
and actions visible and aalient. In particular, the computer can be used
to asee the counterpartas of actiona taken in one representation in any of
the othera. Thua the learning environments support actions and provide
feedback in ways that are intimately tied to the atructure of the subject
motter itself and that enqage ana exercise the sense-making power of
atudents to monitor the consequences of their actions acroas
representationa. The group maintains that thias ia a deeper use of the
technology than haa often been the case previoualy -- deeper both in the
penetration of the subject matter and deeper in the level of cognitive
interaction with the atudent.

Another posaible asource of the power of multiple repreaentations is
that they allow auppresaion of gome aapecta of complex ideas and emphasia
of othera, thereby supporting different forma of learning and reasoning
proceases. With more than one representation available at any given tine,
users can "have their cake and eat it too" in the asense of being able to
trade on the acceasibility and atrengths of different representations
without being limited by the weakneas of any particular one. But, perhapa
moat importantly, the cognitive linking of representationa createa a whole
that ia more than the sum of ita parta in the asame sense that binocular
vision is more than the simple sum of perspectivea. It enablea the user to
“see"” complex ideas in a new way and move about them more. effectively.

The group contends that appropriately atructured experience in a multiple,
linked representation envirounment can provide the weba of meaning miaaing
fron much of today’s achool mathematica, which ia centered on the
ranipulation of formal aymbola apart from any meaninga they might carry.
Such experience will alao yenerate the cognitive control atructures
required to traverae those weba in order to tap the real power oif
mathematica as a peraonal intellectual resource.

The group’a curricular objectivea also have an historical baaisa.
Hiatorically, it was not until about the time of Newton and Leibniz, when
the ancient Greek ideas of ratio and proportion were integrated with the
the ideas of rational number, algebraic variable, function, and coordinate
grapha, that the real power of mathematical analyais was able to fiourish.
Until that time ratios remained a very clumay tool, even in the handa of
the moat brilliant mathematiciana. The group’s approach attempts to bring
together the sare set of ideas and the sare representational tools that
helped make poasible the explosion in nathematical knowledge that occurred
in the two centuries after Desacartes.

The Software

At the beginning level, the student actively builds the initial iconic
rep:eaentation of an intensive quantity according to hia/her concrete
concention of a given aituation by chooaing, grouping, and dragging iconsa
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into a model rectangular cell on the acreen. The computer then takea the
student’s model and ties it to a table of data and a coordinate graph which
then jointly respond to actiona apecified by the student. For a variety of
reasons (see ETC Technical Reports No. 85-19 and 86-9), the most important
of which waa the deaire ‘for representationa that supported long-tern
curricular coherence, the group decided that tablea of data and coordinate
grapha were primary representationa for the concept of intenaive quantity
and operationa with intenaive quantities.

Thia part of the environment is intended to teach the connectiona among
the representationa, although it can also support traditional activities
auch as miasing value-proportional reaaoning taska within and acroas
representationa. During the 1985-86 year it was the primary inveatigatory
environsent. See Figure 3 below to interpret the deacription that followsa.
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Figure 3. Screen dump from proportional reasoning software.

The icon window consists of rectangular cella, each of which is a duplicate
of the initial model cell that the atudent conatructs while apecifying an
intenaive auantity such aas 3 "peraon" icona per 2 "tree" icona. The two
treeas can be situated so as to "ahade" the rhree people. After the
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preliminary actiona setting up the situation, the acreen providea a table
of data window where the table of data ia labeled by the appropraate icons,
and a coordinate graph window, where the axea are correspondingly labeled.

As the satudent clicks a MORE button, the cella in the icon window are
highlighted, correaponding number paira are entered in the table of data,
and the correaponding pointa are deposited (by the computer) in the
coordinate graph. (Thuas the intensive quantity ia modeled in the
coordinate graph as the aslope of a line of diacrete pointa.) With each
such click, the lateat pair and the lateat point are highlighted to
correapond to the number of icona of each type that are highlighted in the
icon window. By clicking on FEWER the highlighting proceaa is reversaed,
although the previoualy deposited number paira in the table and pointa on
the graph remain. By clicking on the boundary of any of the windows, the
astudent can turn off that particular representation, ao that prediction
taska are poaaible. For example, with the table of data turned off one
could aak, "What number pair will be highlighted if we clicked on MORE 3
timea?"

The objective of the Linking Environment ia mainly to introduce the two
new repraaentationa and to link them with the previously introduced icon
representation as well aa to link thea with each other.

Research Objectives

Prelininary work to prepare atudents for uae of the computer, and the
conputer-based work that followed during the second half of the year, were
intended both to inform the detailas of elaboratinga the software environnment
and to purasue the following wider reaearch objectives -- in particular, to
determine!

(1) how the learnability of ratio and proportion ideas ia affected by
changes in the representational environment in which that learnang
takes place:

(2) how different representations support different ratio and
proportion reasoning processes;

(3) how linkages between theae reasoning patterna can be taught,
eapecially linkagea between concrete and intuitively acceptable
reasoning patterna and more abatract and flexible onea;

{4) whether experience with multiple representationa leads to the kind
cf cognitive flexibility and cognitive control atructurea that are
reflected in an ability to choose and then correctly nanipulate the
repregentationa appropriaste to a particular problen.

The reasulta of these inveatigationa may have important implications
regarding a traditional measure of cognitive development -- the ability to
do propertional reasoning. They alao make it posaible to address directly
the broader question of whether and how cybernetically linked external
representations can be used to build cognitively linked internal
representationa.
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Empiricai Research and Software Developrent Activities

The first half of the year waas aspent deaigning and programming the
firat linked representation environment and teating paper/pencil versions
of prototype taaks for that environment, mainly in clinical settinga
(although two entire claassea were alao teated for interpretationa of
coordinate graphs). The goal here was to determine that the particular
featurea of each representation and connectiona between repreasentations
were comprehensible to the atudenta (moatly sixth and seventh graders), and
to aaseas what the best forms for their preaentation might be. Additional
clinical work prior to the summer helped modify the initial software
environment and deepened the group’a underatanding of the relaticnships
between the repreasentationa and various thinking patterns.

The summer was the moat empirically productive part of the year because
earlier work had provided a robuast asoftware envircnment to work with, and
two opportunities were obtained for extended euperience with the
environment, including a week-long clasaroom experience with two different
groupa. Two groups of studenta were involved in five one~hour seaaiona
combining manipulative activitiea, paper/pencil work, board work,
teacher-centered classroom activities, and time in the microcomputer
environment spread over one five-day week of a six-week voluntary sunmer
program in a public achool near Boaton. One group was comprised of 11 above
average atudenta who had completed third grade. Theae studenta were in the
summer programr for enrichment purposea, whereas the asecond group, compriaed
of 7 below average moatly seventh grade atudenta, were enrolled in the
program by their parenta mostly, but not always, because of inadequate
performance during the achool year. They were conaiderably leas
enthusiaatic ahout being in a asuamer prograr than their younger
counterparta.

Each class had an inatructor and at least one asaiatant with one
conputer for each pair of atudenta. At leaat two obaservera who took notesa
on the proceedingas in each clasa. A pre-teat on ratio reasoning wes
adminiatered before the first class and a poat-teat on the Monday after the
laat claaa. Activities were aimilar for the two groups, but were alightiy
accelerated for the older atudenta and involved more use of non-integral
ratioa and larger numbera. The approach was to set a conceptuai context
for ratio reasoning before entering the software environment, and then use
the environnent in conjunction with off-line activities fo» the remainder
of the week.

The reaults were extremely encouraging, both in terms of the
amenability of the software environment to use in a leboratory class
setting and in terms of the rather dramatic poat-teat gaina made by the
older group. (The younger group did not receive the poat-teat). In
addition, aeaasiona with seven atudents who had finished third or fourth
grade were held during another summer program at another local pubiic
achool. For the firat time there were atudentas -- two beiow average
atudenta who had juat completed third grade =-- who could not manage to
relate the iconic repreaentation and the table of data. They were unabnie
to count icons reliably and recognize totalas in the table of data. This
epiasode was asignificant in identifying the bottom level conpatence in
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counting neceaaary to undersatand the moat elementary linkage as it then
exiated. Previously, all students seemed to have little difficulty with
the iconic representation, the table of data, and their connection. Theae
teaching seasiona and resulta are reported in more detail in ETC Technical
Report No. 86-19.

In addition to confirming the viability of the software approach taken,
the year’a empirical work deepened the groun’s understanding of the
relationshipa between the forms of representation and the reaaoning
patterns supported. 1In particular, finding that some atudenta uaed the
icon model of intenaive quantity in a very natural way in concretely based
astrategieas influenced further development of the software.

During the sumner nmontha, software developnrent continued, producing two
forma of an intenaive quantity sampling environaent that addreaa the iaaue
of intensive quantity as a deacriptor of a homogeneous intenaive property
of a subatance, object, or aituation. Work alac continued on an
environment centered on the coordinate graph repreasentation that addreases
the order propertiea of intenaive quantities.

4 Look Ahead

The 1985-86 year’s work helped clarify the three fundamental aspecta of
intenaive quantity: its multiplicative structure (beat seen in miasing
vslue problems), its "intenaivity” deacriptor aspect (involiving sampliing),
and ita order aapect. Development and teating of environmenta that involve
atudents in each aapect continues apace. The icon representation :s being
expanded to support actual calculationa on-ascreen via grouping, dragging
and counting, including single icon setsa that involve only rultiplication
and diviasion, precuraors to the cognitive actiona involved in ratio
reasoning. In the other direction, a link to an equationsa-based
representation ia being deaigned in auch a way aa to effect a smooth
transition to the more formal algebraic environment that moat teachera
regard as the "goal atate" in teaching ratio and proportional reasoning. in
addition, the extenaion of the diacrete environments to cover the
continuous case are likewise being planned. Together with the aseverail
prototype learning environments already built, thoae under conatruction and
deaign will provide the basis for atrong and coherent curricular atrands
acrosas gradea 3-8 that teach aubatantive thinking about quantitative
relationahipa. HMoreover, thease results suggeat that this innovative and
powerful application of technology may render thease deeper concepts
accesaible at conaiderably earlier grade levels than waa formeriy the case.

FRACTIONS

Group Membera:
Patricia Davidaon, Univeraity of Maasaachuasetta, Boston, Project
Leader
Steve Barkin, Cambridge Public Schoolsa, Cambridge, HA
Marge Bloom, Newton Public Schools, Newton, HA
Dianne Callahan, Canmnbridge Public Schools, Canbridge, HA
Judy Clark, ETC
Ellen Dailey, ETC
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Anne Dickenson, ETC

Charles Garabedian, Watertown Public Schoola, Watertown, MA
Cheryl Larasen, Watertown Public Schoola, Watertown, NA
Karen Quinn, Ware Public Schoola, Ware, HA

Judah Schwartz, ETC

Cornelia Tierney, ETC

Mary Kay Tornroase, Newton Education Canter

Hartha Stone Wiske, ETC

The work of the ETC Fractiona Group haa focused on ways of increasing
astudenta’ understanding of and ability to use fractiona. Based on ita
earlier review of exiating materials and prior research, the group
had determined that ita teaching approach should use a linear model within
a measurement context and should incorporate both handa-on experience and
computer-based activitieas. Accordingly, the group developed prototype
aoftware, handa-on materiala, and leaasona for gradea five through aeven.

In the early part of FY 86, the group reviasad ita leassona baasd on
analysia of the data collected in pilot teata held the previoua apring, and
it began developing clinical interviewing procedures and pre- and
post-teats for another round of teating during the apring of 1986, A
software numberlinea environment was written which ailowa the atudent to
enter paraneters and view the equivalence, order, and betweenneas
properties of fractiona on different numberlinea. Specific claaaroon
activitiea for the nuaberlinea environment were developed, incorporated
into the leaaona, and pilot-teated later in the apring.

In January, the interviewing and aaaeasment procedurea were
pilot-teated on eight atudents who had participeted in the previous
apring’s testing. Based on the results of theae seaasiona the group
consolidated the pre- and poat-teat activitiea into one oral aection and
one written section. These seasiona alao served as a long-tera follow-up
to the previous apring’s teaching experimenta. In this reapect the results
indicated that the lesaona should engage atudenta more actively in
estimating fractions and uaing numberlines to measure fractionai diatances.
Uaing procedures based on the ascaffolding model used by David Perkina and
the ETC Programming Group, the group alaso conducted ciinical interviews as
atudenta interacted with two piecea of software.

The pre-teat waa reviased on the baaia of this pilot-teating and was
alao checked for reliability through two adminiatrationa (four days apart)
to ona claaa of fifth and one claas of seventh graders who had no other
contact with the teaching unit. In the aubaequent reasearch atudy the orai
portion of the pre-test waa conducted in the atyle of a clinical interview,

Having completed the reviaiona indicated by theae January teata, the
group began their teaching experiment with groups of fifth and aseventh
gradera in two achool ayatema. The pré-teat was adminiatered in mid-March,
and the teaching sequence ended in mid-April and waa followed by the
expanded clinical interviewing procaas and poat-teat. The remainder of the
atudy conaiasted of approximately ten leasona focuased on the properties of
equivalence, order, and betweenness taught through a linear nodel and an a
neasurenent context; clinical interviewa aa the atudenta interacted with
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two pieces of software; the written and orai post-test; and an attitudinail
queationnaire asking the atudenta to rate how much they enjoyed each
activity and how much they felt they had learned. Expanded versiona of

the "handa-on" numberlines activitiea were uaed, but the aoftware
nunberlines environment was in too early a atage of development to be
included in the research project. All sessions had an opbserver who took
notea on atudenta’ responsesa, commenta, and atrategiea. The oral teats and
clinical interviewsa were alao audiotaped to provide further documentation.

The Fractionas Group did not propose to continue its work into FY 87.
In May and June group nmembers compiled and analyzed their data in
praeparation for writing a final report. Thia report ia expected to be
available in April 1987.

RESEARCH IN COMPUTING EDUCATION

One of ETC’a reasearch projects in computing education has atudied the
difficulties of beginning programming students and deveioped a "metacourae"
teaching intervention to help these atudenta overcome some of the initial
difficultiea in learning to progranm. The second project has atudied the
use of applications software and its potential usesa acroas the curriculun.

PROGRAMHING

Group Mermbersa:
David Perkins, Harvard Graduate School of Education, Project Leader
Betty Bjork, Education Collaborative for Greater Boston
Chria Hancock, ETC, Research Aasiatant
Michelle iHarlow, Leominster Public Schoola, Leorinster, MA
Doug McGlathery, Cambridge Public Schoola, Cambridge, MA
Steve Schwartz, Univeraity of Maasachusetts, Boston
Paul Shapiro, Newton Public Schoola, Newton, MA
Rebecca Simmona, ETC, Reaearch Asaistant
Tara Tuck, Cambridge Pubiic Schoola, Cambridge, MA
Martha Stone Wiaske, ETC

During the 1985-86 achool year the Progranming Group continued to
inveatigate the difficultieas encountered by novice programmera. It also
began a series of experinments to teat the effecta of the metacoursase, an
inatructional intervention the group deasigned to equip atudents with
thinking and learning heuriastics that nay help to moderate the probiem of
“fragilte knowledge" identified in ita earlier research.

Studies of Novice Progrannmers

At the beginning of the year, the group completed the data analysis and
wrote technical reports on two earlier atudiesa. "Loci of Difficulty in
Learning to Program™ (ETC Technical Report No. 86-6) diacuases the resulta
and implicationa of a quantitative analyais of the ciinical interviews oif
the BASIC study conducted in the apring of 1985. The analysia atrove to
deternine the extent to which astudentas asuffered from inadequaciea of theair
BASIC "database" versus higher order difficulties. The analyaia of the
data provided inforration about loci of difficulty in three aapects of
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atudenta’ programming behavior: attitudes, knowiedge base, and
problem-aolving atrategiea. The results argue that novice progranmmera’
difficultiea are far fror monolithic, and give evidence of ioci of
difficulty in attributea and maatery of the relevant knowledge baase aa weil
as in eiementary problem- solving atrategiea. In additicn, it appears
that, at leaat in programming, shortfalls in knowledge and strategies nuch
ainmpler than those usually diacuased in the literature on mathematical
problem solving heuriatica may conaiderably impair novice’s efiorta.

A second study conducted in the summer of 1983 on chiidren learning
Logo alao supported thia hypothesis (aee ETC TEchnical Report No. 86-7,
“"Nontrivial Purauit: The Hidden Complexity of Elementary Logo
Programming"). The data suggest that "trivial" elementa of Logo programning
are not ao trivial as they may seem. Four aspecta of programming that
right at firat appear trivial were found to be poasible sources of
significant conceptual difficulty:

(1) close diacrimination problena, which make certain concepts hard to
graap. These difficulties occur with solution elements that
require careful diacrimination, for example, left and right turns
in Logo;

(2) domain and domain-operation problema, for exanple, difficulity in
underatanding geonretry and the Logo commands for making geometraic
movesa:

{(3) the conjunctivity effect, aa in taska such as arithmetic and
Euclidean geometry where a correct reaponse depends on the
correctneas of each individual reaponse element. In a
high~precision endeavor like programming the conjunctivity effect
eacalates difficulties that in isolation may merely be matters of
"knowing it" into major challengea; and

(4) & shortfall in elementary problem-solving atrategiea, whach
prevents atudenta from making the moat of their asomewhat fragiie
knowledge bases.

Development and Teating of the Hetacourse

Thia clinical work led the group to focus on the problemr of a fragale
knowledge hase among novice programmers. The term "fragile" draws a
contraat between knowledge that ia miaaing and knowledge that 18 present ain
some sense, but not eaaily acceased, or garbled, or retrieved for
inappropriate usea. The metacourse inatructional intervention waa deaigned
to addresa the following areas in particular:

(1) a fragile knowledge-base, impoverished knowiedge of commands,
ability to read back code to see what it does, and so on;

(2) a shortfall in problem-solving strategies, eapecially a failure to
deploy elementary problem-aolving tactica auch as ainmple
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self-prompts (for example, "what am I trying to do now," “do 1 know
a command that might help," or “what will this line of code really
do?");

(3} problems of conf.dence and control, exepmlified by "stoppera" and
"movora,' “Stoprera" refer to those atudenta who, on experiencing
difficulty im a programaming activity, disengage from the task and
nake little or no further attempt to solve the problem. With aonme
encouragement, however, atoppera can often reach a solution.
“Movera", on the other hand, keep trying to work toward a solution,
but often fail becauase they proceed in a haphazard way.

In the fall the group piloted a preliminary veraion of the metacourse
in two clasarooma. Reaearch aasasiatanta taught the leassona in two claases,
and a formative evaluation was made. The eight-leason metacoursae ia
deaigned to enhance what atudenta learn from normal firat-semesater
inatruction in BASIC. As the name suggests, .%“e metacourase atands above
the content of the normal inatruction, providing programming-apecific
skilla and a conceptual framework that guide the exploratory thinking of
the novice programmer.

Specifically, the metacourse taught this year incorporates the
following componenta: (1) the "“paper computer", a visual modei of what
happena inaide the computer (at a functional level of operation) to help
studenta interpret exactly what commrands do, (2) an analytic aclieme for
understanding commanda and command linea in terma of the purpose, command,
ayntax, and action of a command in the computer world, depicted by the
paper computer, (3) an easy-acceas "minimanual" that includea the key BASIC
conmanda organized according to the purpose, asyntax, and action framework,
(4) attention to computer-user interactiona as a top-level planning
atrategy, and (5) the introduction of "patterns," recurrent schema asuch aa
counter variablea or certain coampound conditional branchea that provide an
internediate level of analyaia between the whole program and individuai
command linea. 1In addition to piloting the metacourse, the group deveioped
and piloted a cognitive akilla pre- and posttest as well asa sn achievement
teat in BASIC programring.

Aa planned, in the apring the group carried out a controlled teaching
experiment with the metacourse, uaing five experimental and five control
claasaroona in the Boaton area. Sites wasa choasen even though it waa ciear
that teachers in some sites might not be able to provide all the data
needed. Teachera conducted the metacourse lesaona, interaperaing then
throughout their regular inatruction. Complete data were obtained fron
three treatment and three control aitea, including pre- and post- cognitaive
akillas teatsa, the BASIC programming achievement teat, and claasaroom
obaservationa concerning the fidelity of the teaching to the metacourse
lesaona and teacher-atudent interactiona. During the aummer and fall the
gronp began analyzing theae data.

During the current year the group is continuing its efforta to develop
and test the effecta of the metacourase. Expanaion of the metacourse
leasonas has begun based on teacher reporta and claasroom obaervetiona fronmn
the Spring 1986 experiment. For optimal impact, the ideaa from the
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metacourse nmay need to be infused throughout instruction in BASIC. ETC’s
new laboratory sites provide settings where this can be tried. The group
is working with teachers in the lab sitea to implement the eight existing
retacourse lessons and to infiltrate the BASIC courses with the metacourse
themes. Since the extension of the metacourse wili have begun during the
sane period, ideas from the extension can aiso be incorporated into the
infusion experiment. The students at the infusion sites will receive
pretests and posttests gimilar to those uzed to evaluate the resulits from
the Spring 1986 intervention.

During the spring of 1987, the group plans to conduct a summative
evaluation of the extended metacourse. This experiment will take place in
regular classrooms as opposed to the lab sites of the fall study in order
to approach conditions more nearly approxzimating those of a real classrcon.
The group will update versions of the cognitive skills and BASIC
instruments.

APPLICATIONS

Group Members:
Marlaine Lockheed, Educational Testing Service, Project Leader
Betty Bjork, Educational Collaborative for Greater Boston
Joan Gulovsen, ETC
Patricia Jones, Ware Public Schools, Ware, XA
Jane Manzelli, Brookline Public Schoois, Brookline, ¥A
Carolee Matsunoto, Concord Public Schools, Concord, YA
Chip Morrison, ETC
Frances K. Morse, Brookline Public Schools, Brookline, MA
Timothy Reed, Waltham Public Schools, Walthan, MA
Debbie Ross, Cambridge Public Schools, Cambridge, XA
Joe Walters, Porject Zero, Harvard Graduate School of Education
Martha Stone Wiske, ETC

This group conrpleted its final project, a study of students learning to
use a database. The fall was spent analyzing the data on seventh-grace
students in a Brookline, Massachusetts school who were systematically
observed as they learned to use the TC Filer program in a reguired coaputer
literacy course. A4 report was drafted and is currently in revisien.

In addition, the group completed a paper on the school and student
variables predicting student computer use, based on analysis of :1tems from
the 1984 National Assessment of Educational Progress (NAEP). Further
revisions of the paper were in progress at the end of the third year.

RESEARCH IN NEW TECHNOLOGIES

Two research projects have been exploring the educational promise of
vew technologies that are not yet wideiy available in schools. The
videodisc Group has investigated the usefulneas of videodisc to teach
scientific inquiry skills, and the Computer-based Conferencing Group has
studied the potential of electronic conferencing to promote coliegiai
exchange among science teachera.
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VIDEODISC

Group Menbers: -
Kim Storey, WGBH Educational Foundation, Project Leader
Idit Harel, WGBH Educational Foundation
Gregory Hood, Newton Public Schools, Newton, MA
Karen Janszen, WGBH Educational Foundation
Robert Kilburn, Newton Public Schools, Newton, MA
Harry Lasker, Interactive Training Systens
Robert Lippincott, WGBH Educational Foundation
Rob Madel, Children’s Television Workshop
Lisa Mirowitz, WGBH Educstional Foundation
Maxine Rosenberg, Newton Education Center
Gail Vasington, WGBH Educational Foundation

The Videodisc Group’s research during 1985-86 focused on completing
production of a prototype dlsc, Seeing the Unseen and subsequent testing of
the disc.

Seeing the Unseen was produced to achieve three objectives: 1) to
investigate the design choices and compromises entailed in creating the
disc by retrofitting existing video msterials through the use of an
authoring system; 2) tu explore the promise of videodisc as a mediun for
illustrating snd eliciting science process skills; and 3) to exsmine
videodisc use patterns and user-machine interactions. The videodisc was
created using existing video segnents from NOVA and 3-2-1 CONTACT and an
authoring system, Authority (TM), developed by Interactive Training
Systems, Inc.

Through the design of the research videodisc the group investigated the
potentials and constraints of videsodisc creation through retrofitting.
Conclusions regarding this process are described in ETC Technical Report
No. 85-18,The ETC Science Videodisc Project: A Report of Regsearch in

Progress.

The disc was designed to incorporate an inquiry approach to science
education, an approach in whichk students explore and inquire as scientists
do, rather then sinply being presented with inforration. Through this
design, the disc provides an environment in which students carry out
acientific investigations and make discoveries. Through their interactions
with the disc, either alone or in groups, students hone their science
proceass skills. The inquairy skills include nmaking observations; collecting,
recording, and classifying data; seeking patterns; forming and refining
hypotheses: conducting experinenta; and making predictions. 1Inquiry skills
are not practiced independently of each other and are not viewed as
separate or linear steps in a problem solving process. Some, but not all,
of thase skills are required for each of the disc’s four lessons.

Each of the lessons poses a different problem. While the iessons
present topical information (plants and light, animal camouflage and
minicry, tinme and motion, and the geometry of shapes), the value of each
lesson is derived from using ascientific process skills to exarine the
subject matter. The problem-solving methods required vsry from lesson to
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lessun depending on the teaching atrategy employed and the acde of inquary
elicited.

The leasons take advantage of the many foras oi interactivity
available with Level 3 videodisc technology. Computer controi of the
videodiac permita branching based on atudent reaponaesa, use of two audio
channelsa, random acceas to viauwala and automatic asearch, and the
preaentation of text acreena aa well as text and graphic overlays.
Specific modes of interaction built into the leasons include: video pause
(freeze-frame), video replay (forward or backward), redo (return to an
earlier activity), menu (go back to the laat menu), and go anead (go to
next menu, acreen, or activity). In some leasonsa, atudenta can alao chooae
to view charta, liata of thought queationa, or additional information. The
user controlas the ayatem primarily by touching the screen, although
keyboard input is required in some inatancea.

The four leaaona that have reaulted fror the videodiac deaign and
aevelopment proceas are briefly deacribed below.

How Does Light Affect Planta?

Thia leason ia composed of aseveral related activities that prowote
increasingly aophisticated ways of thinking about a singie question: How
do plants reapond to light? The activities include an introduction to the
role of light in plant growth, three experimenta deasigned to lead students
to formulate and teat hypothesea about the interaction of light and plantsa,
and a prediction quiz. The leasson is deaigned to give atudents practice in
identifying variables, conducting controlled experimentsa, making and
recording obaservations, and forming predictiona. Hodea of interactivity
include nanipulating variablea, replaying video to observe eventa nore than
once, and recording data on a chart.

Yhat Disquiaes Do Animals Use?

Thia leason conaista of four activities that provide the tools and
subject matter for an inveatigation into forms of animal mimicrv. The
activitiea include an introduction to animal diaguises, a sorting exercise
in which students identity different claasificationa of animal disguises,
and an obaervation game. Critical obaervatien and the aubasequent formation
of nypothesea ia the process akill emphasias of this leason. The
clasaification exerxrcisea uase video clipas to furnish observabple dera an
which atudenta asael patterna to succeaafully complete the exercise.
Students fora hypotheaea to be teated, revised, and extended. Modea nf
interactivity include playing and replaying the clipa, recording
obaervationa using pencil and paper, and group diacusaion of the proceaa
and resulz. The games encourage trial and error eyperimentation while
taking full advantage of the technology’a ability to produce appeaiing
touch-acreen interactionsa.

What Happena When Tine Ia Altered?

Thia leaason ias open-ended and exploratory ain nature. It inciudesa an
introduction and three exercisea that i1lluatrate how altering the
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perception of spssd and motion can reveal new information about everyday
eventa. Although the leason can be enjoyed by atudentas working alone or in
arali groupa, it is deaigned aas a teacher-directed activity that wili
generate diacuasiona about differencea in perception and hypotheses about
formerly undiascernabie observaticna. In this leason, students uase their
obaervation askilla to inveatigate the nature of time and the underlying
characteristics of common eventa. Studenta learr to recognize patterns in
phenorena and make predictions basad on the similarities they notice. The
leason encourages students to conaider different frames of reference,
explore new data, and fora hypotheaes from observations.

How Do Scientiasts Study Things They Can’t See?

This lesson containa an introduction, an interactive tutorial, and a
computer aimulation that lead atudenta to conaider how acientiats atudy
phenomena they cannot readily observe. The leason preaents Linus Psuling
figuring out the shape of a three-dimenasional block hidden inside a snmall
covered box and then invitea atudenta to solve a aimilar problen in a
conputer game. The proceas of approaching a "hidden' phenomenon or probien,
making indirect but ayatematic obaervationa, and reasoning logically about
these ohaervationa to reach a concluaion ias the focus of this lesson.

In January of 1986, after production of SEEING THE UNSEEN wasa
compiated, research began to explore the uase of the diac in use in niddle
achool acience claasrooma. Three queationa formed the basias of the
regearchi

(1) What did users like and diaslike about the aysten?

(2) How was the syatem used? How did atudents and teachera
reapond to different use modes?

(3) How did studenta interpret and understand the material
presented?

Reaearch was conducted in middle school claaaroonrs in two Boaton area
achoolas. S.udents and teacheras were obaerved uasing the videodiac in three
different use modea:d individual (atudent without a teacher), pair (two
atudenta without a teacher) and entire class (teacher-directed). Data wasa
gathered by neana of observationsa, interviews, and queationnaires.

The latter part of the year weaa spent interpreting the coliected data.
The group identified aeveral prevalent trenda worthy of diacuaaion. Theae
include the importance of user control in navigating through the leasonsa
and the appeal of the diac’s interactive featurea and the uaer
participstica it affords. Findings also include use-mode preferences and
an overriding appreciation for the quality of the viaual presentations of
the diac. An in-depth and detailed report of the resuits of this atudy is
forthcoming in Aprii 1987.
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SCIENCE TEACHERS’ NETWORK

Group Membera:

Eileen McSwiney, Education Collabaltorative for Greai v Boaton,
Project Leader

William Barnes, Concord Public Schaoola, Concord, HMA

Frank Finigan, Wincheater Public Schoola, Wincheater, NA

Chriatopher Hancock, ETC

Candace Julyan, ETC

Mary Maxwell Katz, ETC

Dick McKnight, Walthan Public Schoola, Waltham, MA

David Parfitt, Brookline Public Schoola, Brookline, NA

Julie Rabachnuk, Ware Public Schoola, Ware, HA

Stuart Riat, Newton Public Schools, Newton, NA

Kathryn Stroud, ETC

The Science Teachers’ Network waa eatablished to explore the potential
of computer-based conferencing to promote collegisl exchange awrong high
achool acience teachers. The project aprang from s problem identified in
recent papers and discuasions on the astate of acience education in
secondary achecolas -- the iasolation of acience teachers both from ongoing
developmenta in acience and from colleagues with whom ( hey might exchange
ideaa about the teaching of acience. Although coaputer conferencing on
mainframe computera had served for over a decade aa a nediun to usupport
subatantive diascuaasion and a senae of profeasional coamunity enong
geographically diaperaed groups, the size and expenae of these computeérs
had limited conferencing to the worlds of buaineas and technology. The
increased availability of aicrocoamputers and concern for the iaclation of
acience teachers led naturally to the queation of whether a conferencing
facility would be of help.

The conception of conferencing for teacheras included both "information
sharing" and "diacussion'. Regarding the latter notion, proponenta hoped
that conferencing m.ght prove a8 vehicle for ataff development. Teachera
might be led, through the increaased opportunity for interaction with
colleagues, to share not only asinple practical infoirnation, but aiso thear
reflectiona on their practice. Thease interactiona might in turn enliven
their exiating practice or create a8 fertile environaent for changes in
practice to develop in the future.

A reviev of exiating conferencing ayatena found them to lack certain
important festurea, so the deciaion waa made for ETC to develop one.
Common Ground wass designed to have aseveral charact iasticas that facilitate
diacuasion: it r "aits enrolled menmbership; it ie easy to uase for reguiar
members, diacusaion managera, and ayatem operatora; it enasbles eaay
identification of discuaaion topics; and it allowas mesasages to a_gear as
private mesaages, public measagea, or both. Furthernmore, it runs on a
microcomputer so that educat:onal institutiona can run conferences without
purchasing more expenaive conputera. 1in Common Ground, the facilities are
organized around s apatial metaphor which comparea the entire conierencing
syatem “o0 a building with nany roona in it. Some rooma are private
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officea, where participanta receive their private mail: other rooma are
publicly acceasible and serve as "“foruma" for discuasions oi particular
topics.

Reaearch Goala and Network Operation

Research on the network pursued three goals: (1) to determine the
extent to which tne network aucceeded in promoting collegial exchange about
acience and acience teaching; (2) to identify the variablea that influenced
the extent and nature of use: and (3) drawing upon these findings, to
develop recommendationsa about the beat usea and mnanagement of
corputer-pased conferencing among acience teachers, among teachers
generally and, to the extent poaaible, for other educational appiicationsa.

While the research approach to theae goala waa & broad deacriptive one
in keeping with the lack of previous reasearch from which to predict how
teachers might use such a ayatem, mainframe conferencing research pointed
to aeveral iasaues that deaerve attention. Firat, accounta from EIES and
COay aainfrarme networka indicated that computer-based conferencing might
diainhibit communication, perhapa facilitating the kind of dialogue anong
teachera that was a goal of the project. A second iasue wazs accesasa
to and distribution of information. Although the medium seemed to promrise
equal acceas of all membera to information, since interactions can occur in
public among large numbera of people, a queation was raiaed as to whether
this potential ia illusory. People reading a mesasge addreased to a group
in a large conference may feel leasa obligaticn to reapond than in
face-to-face interactions. If the probability of a reaponse iz increased
where a member ‘iowas or has heard of the questionner, then information
doea not derive from the total membership and may follow channels of
pre~existing relationahipas. A final issue waa which diacuaasion topaica
would beat produce extended interactions or reflective thinking in a group
of teachera asuch as theae, who were moatly unacquainted with each other.

During the fall of 1983, science teachera from eastern Maasachusaetts
were invited to join the network for purposes of '“collegial exchange", as
were several acientists and acience educators who were sugg2ated by member
surveys. Teachera provided their own equipment and phone coata. About
cone-third had a computer at home and had no significant phone ccata; the
remainder had leaa convenient acceas. About 40 percent used a achool
computer; for many of these, it was hard to achedule tine to log in during
the achool day.

The network was managed by two paychologiata, including an experienced
ataff development apecialist, and four teachera. Initial topics for
diacuasion ("foruma") were eatablishad by suggeations of an adviaory giroup
of science department heada during an earlier pilot network; others were
added by ataff in Decenmber 1985 so that there waas a forum for each teaching
area, and for apecial guesta. Each forum had a facilitator (“moderator")
-- one oi the teachera, astaff, or gueata. The foruma were: Notice Board
(for notices of generasl interest); Software (about educational software);
Syaster (for technical information on computer conferencing); Teaching
(concerning general isaueas of teaching); PBStEarth (for gueat Victor Schmidt
about the PBS aeries Planet Earth); TERC (for gueat Robert Tainker of TERC,
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Inc., developér of microcomputer-based laporatory hardware and soitware);
and each of the main teaching areas, including Physics, Chemistry, Bioiogy
- and Earth Science. Two additional guests participated "at large": James
Xaufman, consultant on school iab safety:; and Raiph Lutts of the Trailside
Huseum, speciaiist on environmental education. )

Technical assistance included two training meetings, telephone
assistance provided by staff, sharing of information among members in
networik exchanges, the software "help” comrand, a participant’s manual and
quick reference card.

Findings regarding Network Participation

The natwork membership grew continuously from December to June 1986,
reachirng '3 teachers, 60 percent of whom became continuing users. About a
quarter of all users, or about half of the continuing users, logged in at
the rate of once a week or more often. Examination of patterns of use
reveals that some members lost interest, others logged in occasionaliy, and
others logged in regularly and frequently. Data on message reading show
that half of the continuing users read all forums; 60 percent read ali
nessages in their own teaching area and 80 percent read at least haif of
these.

Arount of writing varied, but averaged one message per week among
continuing users. Writing behavior showed that disinhibition did not occur

- in this group; rather there were signs of reticence. Teachers initiaily

posed questions in private mail that would have been of interest to the
entire group. In interviews teachers nentioned feelings of diacomfort such
as embarrassment at spelling mistakes. Some said that by the end of the
tern, they felt they were 'just getting started.'" There wds also evidence
of shyness in the content of messages. (nly some of the teachers, and oniy
after using the medium for a while, offered messages with more personai
content in the form of thoughts, opinions, or stories about themseives.
Thus several kinds of evidence suggest that it may take more time for such
a group of teachers to feei comfortable using the medium. Since teachers
logged in on average leas than once a week, they may not have had enough
experience to become more comfortable with the medium (or with each other).
Sonre other researchers report sinilar reactions to computer conferencing
among naw users,

The data also showed that (1) lack of previous acquaintanceship was not
a barrier to interactions or fiow of information in the conference; ana (2)
the network reached and especially appealed to teachers who were more
professionally isolated. When askad, “do you feel that you reaiiy gotto
know anyone by interacting with them on the network or by just reading
their messages?" 36 percent answered yes, and these members tended to
engage in more writing relative to reading. Furthermore, the channeling of
information was not limited to pre-existing relationships. The majority of
teachers addressed messages more or less equally to known and unknown
individuals. Further, the conference succeeded in eliciting responses to
inquiries. That is, when messages were classified according to the sociail
actas performed (for example, seeking informazion, offering unsolicited
information, offering a response to an inquiry or idea, and others), the

=
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nost frequent of these was responding to a question or idea. Many of the
neasagea written to unknown peraona were anawera to their apecific
queationa. Thua, although acquaintanceship was associated with more
writing on the network, the conference encouraged interactions among
participants according to common interesta, and the apecific topic appeared
reaponaible for the initiation of an interaction.

On the second point, the networi: asucceeded in reaching professionaiiy
isolated teachers who, in fact, used it more often than leas isoiated
teachers. Teachera with fewer contacta with colleagues outaide of their
own school logged in and read more, and did relatively morz public writing.
In addition, thoae who mentioned in the interview that lack of colleagues
was a difficulty of the profession tended to engage in more public writing.

Convenient acceas to the computer, and lack of burdensome phone cosats,
were found through both interviewa and correlational analyses of
participation to be a very important influence on participation. Teachers
without eaay acceas logged in leas frequently, read more selectively, and
wrote leaa. The software Common Ground proved eaasy to unae; however,
teachers used their own communicationa software (needed to dial in to
Common Ground or any computer network), and this asoftware was often
difficult to uae.

Recomnendations and Future Directions

The work leads to recommendations in four areas for computer-paased
conferences that aim to promote information-sharing and diascuasion as a
support for teachera: hardware and software; applicationa; changes 1in
Common_Ground; and user training. Firat, convenient acceas to the computer
and moden, and uae of the same hardware and software, are the ideal
conditiona for a network because the entire group can more quickiy learn
the technical akilla for uploading and dnwnloading measagea. Uploaaing and
downloading, in turn, allow the writer/reader to spend more time thinking
about the content of the measage, while conposing it or reading ait.

Second, network plannera should conaider that memberahip size, topic,
and log-in frequency are probably interrelated. A amall membership with
diverse intereata and a broad network topic is likely to faii because the
probability of membera’ finding neaaagea on their apecific intereats is troo
low. A larger auch network may succeed, but asince the frequency of iog-ins
will probably vary, this network cannot be used for information that 1is
needed urgently. For diacuaasion purpoasea, on the other hand, a anmaii
remberahip may be ideal because nembera can get to iknow each other and feei
nore comfortable offering peraonal viewa. Finaliy, the atrongeatr meana to
pull members into interactiona would be a common task which cannot be
carried out except over the network. Here the taask itaself wouid atructure
log-in pattern and content of diacussiona. Therefore, where a network aims
to promote interactions among unacquainted persona, the data auggest
raxinizing the degree of common intereata among participants by either
limiting topical focua or introducing collaborative activitiea. In
addition, aince a network diacuasaion evolves in piecea, and each member nay
read a different segment of the diacusaion at one time, moderators need to
sunmarize, weave thenesa, and re-raise unanawered questiona.
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The group recommended several minor changes in Common Ground to allow
nore options for management of topic, including forum descriptions and
- optional topic line revision, as well as user training in uploading and
downloading and in topic line compoaition and retrieval of measagea by
topic lines.

The current year’s research efforts are designed to examine several
natural experimenta that will help sort out social and topical influencea
in network discusaions and allow the drawing of firmer cuidelinea for
educational applications of computer conferencing for amall groupsa.

DISSEMINATION AND TRAINING

During FY 86 ETC expanded the range of materials that docurent its work
and preaent its results to the educational community. These products are
now available to wider and wider audiencea. In line with the Center’a
ongoing policy of wholesale dissemination, ETC haa created opportunities to
market its products through exiating channela and networks as well as
directly from the Center itaelf,; and it has Joined with other research and
educational technology organizationa to cosponsor training activitiea.

DISSEMINATION

During FY 86 ETC haa enlarged the srray of print and other mater:als
through which it coamunicates its findinga on technology and education and
- presenta the reaults of its research.

Newsletter

The Center’s newaletter, Targeta, ia published three times per year. It
deacribea ETC’s research and related activitiea to a broad audience of
practionera and reasearchera. The readership for Targets expancded from
8,000 at the beginning of FY 86 to 16,000 at the cluse of the year. Thaa
national and international audience includes achool superintendents acroas
the country aa well aa atate computer coordinatoras and curriculunm
coordinators in acience and mathematica. Each isaue contains an insert

that liats technical reports and other producta and provides an order form.
\
|

Technical Reports and Other ETC Reports

Thia year ETC has continued to make available the technical reports
produced by reaearch projecta aa deliverablea under the Center’s contract
with OERI. Although intended .mainly for other reaearchera, theae reporta
also discuas the practical claaaroom implicationa of ETC’a work and thus
are of intereat to achool people as well. The reports are availabie to
anyone who requests thiem; feea are low, covering only the coata of
teproduction, binding, and mailing.

In addition to technical reporta, the Center also producea and
dissenrinatea reporta on certain of the conferences that it sponsora.
. Lastly, ETC nakes available topical papers written by ETC associates;
although not emerging directly from the Center’s own research, tnese papers
cover topica that complement the Center’s reaearch agenda.
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In all, the Center diatriputed 2,409 reporta in FY 8s.

Videotapes

The Center continued dissemination of New Tools for iLearning: ising
Computera in Science Education, a videotape produced by Education
Development Center in collaboration with ETC. Intended primarily for
in-service training for high achool acience teachersa, the tape ia aiso
ideal for use with school adminiatratora, parenta, and other audiences.

ETC aells the videotape at coat. In addition, it is now available through

two software publishers, Sunburat Communicationa and HRM Software, who

sell New Tools at cost through their cataloguea. The Center ia pleased to

join forces with thease two organizationa that reach virtuaily every acience
teacher in the country.

Also in FY 86, EDC, in collaboration with ETC, produced a aecond
videotape called Image, Graph, Symbol: Repreasentation and Invention in the
Lesrning of Matheaatics. Thia 29-ainute tape 1a intended primarily for the
in-aervice training of upper-elementary and high achool mathematics
teachera. Image, Graph, Symbol makes the caae for the uae of multiple
representationa in mathematica education. It suggeata that when atudentsa
have the opportunity to work with concrete aa well as abatract
representations of mathematical concepta, and to move at will among a
variety of repreasentationa, their underatanding of and facility with
mathematical ideas improves.

Irage, Graph, Symbol demonatratea the uae of multiple repreaentations
in a variety of claaaroom settinga. A aseventh grade class uaea geoboards
to learn about the Pythagorean Theorem. Fifth and aixth gradera try out an
experimental computer program deaigned to help childrven improve their
proportional reasoning. An eighth grade teacher with only a aingle
computer at her diapoaal uses the program Green Globs to review with her
atudenta the relationahip between graphs and equationa. High achool
atudents working with the program Gueas My Rule learn to derive egquations

from tabular and visual data. Another high achool claas usea the Geome:>»:ic

Supposer to investigate the propertieas of and make conjectures about
similar trianglea. The videotape also includes interviews wath two
rathempatica educaters -- Judah Schwartz, profeasor at MIT and Co-Director
of the Educatiorial Technology Center, and Robert Davia, profeasor at “he
Univeraity of Illinoia.

EDC ia currently producing a 3-4 page brochure to accompany IZmage,
Graph, Symbol. The brochure will suggeat ways for using the tape in a
teacher workshop:!: how to aet up computer-based actaivitiea, what questions
to ask in a discuasion. It will alao provide information about how to
order the software demonatated in the videotape.

Image, Graph, Symboi ia being distributed by ETC as a product of the
Center. In addition, Sunburat Communications has agreed to maxe the tape
available at coat through itas software and videotape catalogues, as it dces
New Toola. The Center is also exploring diatribution of the tape with a
aecond major software pubiisher.
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Software

This year ETC also nade available two pieces of software that nave coae
out of the Center’s research. The first is Common Ground, a
ricroconputer-based conferencing system, which was developed for the ETC
Science Teachers® Network. The December 1985 issue of BYTE magazine
featured an article on Common Ground, which generated interest in the
software and boosted dissemination.

The second piece of software now available through ETC 1s Immigrants, a
social studies unit in which students use an integrated software package,
AppleWlorks, to explore Irish immigrant experience in Boston fron 1840-1860.

To date, the Center has sold 165 copies of Common Ground and 237 copies
of Immigrant.

Other Disseaination of Work in Progress

ETC has continued to submit monthly research summaries for
dissemination on Edline, the OERI-sponsored electronic newsietter
disseminated through the Source.

TRAINING

ETC also commrunicates the results of it. work by sponsoring or
cosponsoring & variety of events. Some present only the resuits of the
Center’s own research. Others create a forur for broader discussion of
technology and education. :

Conferences
Evaluating Computer Use in Schools

On October 17-19, 1985, ETC co-sponsored an institute with the Programs
in Profiessional Education at the Harvard Graduate School of Education.
Entitled “Evaluating the Uses of Computers an Schools," the inastitute was
addressed to planners and administrators responsible for designing and
evzluating the use of educational technology in school systems. Sessions
covered models for conducting evaluations, research on the effects of using
conputers in education, current and future trends in school-based
evaiuations, and the need for careful attention to the fundamental purposes
for using computers in schools. Tthe institute was attended by
approximately 130 school administrators and others from across the nation.

Educational Technology and Educational Equity

I~ November, ETC was one of severai co-sponsors of a conference
entitled "Computers, Technology, and Issues of Equity.'" The conference was
desagned to bring local (Boaton area) community leaders tuogetner with _ocal
and national policy analysts, educators, corporate representatives, and
economiats to inveatigate isaues associated with technoiogy and equity. The
conference represented the initial neeting of what has become a series of

46




Diaseninat:ion and Training
Page 42

work groupa in the areas of: educational practice, education and labor
poiicy, appropriate and humane use oi technology, corporate/community
initiativea, and entrepreneurial activitiea. The conference was attended
by 75 invited gueata. A conference report entitled Computera, Squity, and
Urban Schoois waa prepared by ETC with funda from the Ford foundartion.

ETC Coordinator of E:rternal Affaira Cesaar McDowell followed up on thisa
effort by serving on an ongoing planning committee. In an effort to
enhance diasenination of the conference report, HcDoweil and Charles
Thompaon traveled to Washington, DC, to conault with varioua organizationa
concerned with education of minority and other at-risk studenta.

Southweat Regional Conference

Fron .June 23-26, ETC and New Mexico Highland University coaponsored a
acutnhweast regional conference on computers and education. ETC waa aaked to
asaist with the portion of the conference which focused on the uase of
technology to improve acience and mathematica education.

The conference, which was attended by about 85 people from the
aouthweat region of the countiry, featured an all-day workanop on evaluation
techniques, along with seasiona on implementation, the uase of comutera to
teach thinking akills, computers and writing, the use of application
programa, technology and bilingual education, and in-service training.

The Gonference presenters included ETC Co-Directora Judah Schwartz and
Cnarlea Thompaon, ETC Programming Project Leader David Perkina, members of
the Highland University faculty, repreasentativeas from the Colorado, New
Mexico, and Arizona Departmenta of Education, and practitionera from
various achool districta in the asouthwest.

Laboratory Sitea Training Conference

Although the ETC Laboratory Sitea Project did not officiallily begin
until FY87, a great deal of preparation tcok place during the iast naif of
FY86. Part of that preparation waa a conference to acquaint lab asite
participanta with ETC’s approach to the uae of educational technoiogy and
familiarize them in the apecific innovationa they wouid be using in their
claaaroons.

On June 30 and July 1 ETC heid a two-day conference to provide an
overview of the project for all perticipanta. The firat day of the
conference waa open to the public and was attended by about 100 educatora.
This day included a aumnmnary of the background and purpoae of the laboratory
sites followed by an introduction to each of the ETC reasearch projects
whose findings and nateriala will be uaed in lab aitea: Geometry, Heat ana
Ternperature, and Progranming. Membera of theae projects firat deacribed the
conceptual framework guiding their work and then the materieis and
activitiea included in their claaaroom interventiona. A final presentation
by the ETC Computer Conferencing Project explained the goaia and approach
of thia project and the waya in which the conferencing aystem Common Ground
will be uased to connect lap aite participants.
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The second day, open only to lab site participants from schoois and
ETC, gave these 25 school people and 20 ETC associates an opportunity to
learn more about the particular innovation they will carry our. Each of
four groups--Geometry, Science, Progranming, and Liaisons--met
simultaneously. Each group included the relevant peopie froa the different
lab sites and several aembers of the corresponding ETC research group.
These sessions expanded on the information provided the previous day and
gave teachers an opportunity to work with the hardware and software they
wiil use in their classrooms next year,

During the afternoon, all lab site participantas met together to begin
training in use of Common Ground. After learning about the structure of
this conferencing software, people gathered with colleagues from their
school to try iogging 2an.

A fuller description of this conference is contained in a report

entitled Teaching with Technology through Guided Exploration: A Conference
on Implementation, submitted to OERI.

Seminars

This year ETC continued its serinar series, an ongoing effort to convey
and extend the findings of ETC research and to explore other issues
associated with educational technology. These sessions are attended by ETC
associates and others from the greater Boston area vho are interested in
education and technology. In FY 86, ten presentations were made by
researchers, technology specialists, and achool practitioners. A4 list of
the entire series can be found on page 4T.

Courses

As faculty menmbers of the Harvard Graduate School of Education, voth
ETC Co-Directors offer course on topics related to the Center’s work.
During FY 86, Charles Thompson offered a course entitled, "The Use oz
Information Technology in Science, Nathematics, and Computing Educataion,"
which focused mainly on the Center’s research effcrts. 1In addition,
Thompson conducted a seminar on the computer as an educationai annovation.
Judah Schwartz teught a project laboratory ain the design oi educational
software for grades K-12,

Pregsentations

Throughout ETC’s existence membars of the staff have represented the
Center by participating in conferences, serving on committees, and giving
talks at professional eventd., Among these presentations are the foilowing!

Judah Schwartz

“Recent Research in Mathematics Education at ETC" and “On the
Intellectual Symbiosis of Learner and Computer". Addresses to the
National Council of Teachers of Mathematics, Washington, D.C., Aprii
1-4, 1988,
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Testimony. National Governors’ Conference. April 8, 1986.

Plenary Address. World Congress on Technology and Education.
Vancouver, B.C. May 23, 1986.

Presentation on recent rasearch results. Soviet Academy of Scaences,
Moscow. May 26-31, 1986.

*On the Intellectual Stinrulation of the Inteliectual Stinmulator®.
University of Wisconsin, Madiegon. June 16, 1986.

Presentation on recent research results. Apple/UCAL/Berkeley
Conference for Educators. WNonterey, CA. August 8, 1986.

David Perkins

“Fragile Knowledge and Neglecterd Strategies in Novice Progranmmers.”
Paper presented at the Workshop on Empirical Studiea of Progranmers,
Washington, D.C. June 5-6, 1986.

Janes Kaput

“Students as Builders Rather Than Recitera of Hathematical Knowledge:
Examples Made Poassible by Technolegy." National Council of Teachers oif
Mathematics, “Washington, D.C. April, 1986.

Marianne Wiser

“Learning about Heat and Tenperature: A Content-based, Historically
Inspired Approach to the Novice-expert Shift". NSF conierence, "The
Paychology of Physics Problem-solving: Theory and Practice”. Bank
Street College, N.Y. Jui: 21-23, 1986.

Michal Yerushalmy and members of the Geomretry group
"Microconputer-centered Plane Geometry Teaching." Paper presented at

the conference of the Group for Psychology of Mathematics Educat:on,
East Lansing, Michigan. September 25-27, 1986.
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EDUCATIONAL TECHNOLOGY CENTER

FY 86 SEMINAR SERIES

September 24: Henry Olda, Learningwaya, Inc., “Imaginative Software as New
Toola for New Curriculum”

October 15: Robert Tinker, Technical Education Reaearch Centera, 'Software
Toola for Learning Science”

October 29: Jeanne Bamberyer, Maaaaschusetta Inatitute of Technology (MIT),
“Mind and Hand: Moving between Symbolic and Senaory Knowledge®

November S: Betty Bjork, Education Collaborative for Greater Boaton (EdCo),
“Getting Teachera and Computera to Talk to One Another”

November 26: Chriatopher Hancock, ETC, and Eileen McSwiney, ETC and EdCo,
“Common_ Ground: A Teacher-oriented Microcomputer-basad Network®

Dec.ember 17: Judah Schwartz, ETC and XIT, “How to i"se Videodiaca in
Education: An Iconoclast’s View of Learning froz Images”

March 25: Wallace Feuerzaig, Bol., Beranek, and Newman, *"Logo-based
Algebra”

April 8: James E. Dezell, IBY Educational Sysatems, "“Educational Technology
and National Heede in Education™

April 22: Daniel and Xolly Watt, Educaticnal Consultants, “Barriera to
Innovation ir Educetion: The Caase of Microcomputers®

May 13: Phil Smit!., IBM Fellow, "A Programmirc Language for Thoujhta and
Dreansg®”




