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The Children's Lab at Northern State University

(south Dakota) is a science concept development laboratory fo. use by
students in a physical science course for preservice elementary
teachers. Its function is to develop science content knowledge in
preservice elementary teachers, wWith the ultimate goal of developing
science literacy in children. The thecoretical and philosophical bases
for the laboratory include (1) the idea that science can be
understood only by tracing the history of ideas; (2) work on the
structure of scientific knowledde; (3) knowledge of the nature of
language and verification; (4) research on developing units of

instruction;

(5) study of the dynamics of learning and teaching; and

(6) work on school science education. The British Museum of Natural
History's Hall of Evolution, which traces concept development from
simplest beginnings to ultimate implications, inspired this approach.
The Children's Lab contains & number of units, each consisting of a
series of learning stations at which elementary school teachev.s are
trained to micro-teach about the development of a scientific
pPrinciple. Students learn meaningful ideas and see how they
criginated, and are interrelated anu applied. The program has been
found to be effective, and has the potential for further development
for special populations and classroom application. Appended are a
discussion of the thecoretical underpinnings of the Lab and data from
a comparative study of two science curricula. 14 references. {MSE)
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The AASCU/ERIC Model Programs Inventory is a two-year project seeking
to establish and test a model system for collecting and disseminating
information on model programs at AASCU-~member institutions--375 of the
public four-year colleges and universities in the United States.

The four objectives of the project are:

o To increase the information on model programs available to
all institutions through the ERIC system

0 To encourage the use of the ERIC system by AASCU
institutions
o To improve AASCU’s ability to know about, and share

information on, activities at member institutions, and

o To test a model for collaboration with ERIC that other national
organizations might adopt.
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from the Fund for the Improvement of Postsecondary Education 1o the
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ABSTRACT

This paper describes the efforts of one science educator to
understand the goasl of *Scientific Literacy" as presented in the
National Science Teacher'’'s Association posr tion paper, “School
Science Education for the 70’'s"; and to .ake steps to help
elementary teachers along the continuum toward this coal.

The author interprets the position paper tao be calling fer
an epistemological emphasis in science education, associates that
vwith the vaork done by James P. Conant in the *40’s and *50’a, and
attributes the neglect of the 2xcellent resultant programs like
SCIS and SAPA, to the fact that traditionally taught teachers
vere in no vay prepared to understand the epistewological shift
demanded by these prograns.

Steps taken to meet the challenge include the creation of a
procedure for identifying and comparing the epistemological
quality of elementary science programs, and the creation of
science courses for pre-service elementary teachera that help
thewm understand how scientific knowledge is created and
eastablished--replicating crucisl experiments and recreating the
arguments that led to their acceptance. V¥We trace the history of
selected scientific ideas frow the pre-Chrigtian era to the
beginning of the 20th Century. Thia approach teaches teachers as
ve hope they will teach. After their course in Physical Science,
teachers are required to create their own unit of science
ingtruction in their science mwmethods course following this model.

The Children’s Lab is the environment wvhere this teaching
takes place. The lab is set up like the Hall of Evolution in the
British Huseum of Natural History, a carefully sequenced set of
learning stations, each building on the anes before. The NSTA
position paper is implemented aa fully as poasible in this lab.

Results have exceeded all expectations. MNethods classes
have taught hundreds of studentas in the Children’s Lab, and
express astonishment st how quickly they learn. Ny elementary
teacher candidates report that they are understanding science and
liking it. They are on the move, tovard scientific literxacy.
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Introduction:

The Children’s Lub at Northern State University in Aberxrdeen,
South Dakata is a science concept development laboratory derived
from theoretical and philasophical premises and iwplemented
empirically by education majors and elementary teachers working
with children under my supervisian. The goal: scientific
literacy. .

But the lab is not presently intended for children. Its
present functions are to develop science content knowvledge in my
physical science course for pre-service elementary teachers. They
are being taught as I hope they will teach. And the labh serves
as & fully implemented madel for my science methods studenta
vhose major assignment is to create a unit of science instruction
on &8 topic aof their choosing in preparation for atudent teaching.

The theoretical and philosophical premises from which this
project is derived include James B. Conant’s argumen’ that
science can be understood only by tracing the history of ideas;
J. M. Bochenaki’s wvork on the structure of scientific knovledge;
John Wilson’a on the nature of language and verification; John
Lee on developing unite of instruction; Mery Budd Rove on the
dynamios of learning snd teaching; and my own earlier work on the
National Science Teacher’s Association position paper, "School
Science Education for the 70°’°s" currently in prepsration to be
reissued. These ideas are further discussed under "Theoretical
Underpinningn;‘ (Appendix A)

The concept development idea fraom simplest beginnings to

ultimate implications ias the approsch used in the Hall of



Evalution in the British Museum of Natural History. It provided
much inapiration to me to complete this project.
Backaround:

I wae a graduate student wvorking with Glenn Berkheimer when
the N.S.T.A. position paper "Schaool Sciance Education for the
70’e® wvas drafted. Berkheimer was one of the architects of that
docuwent. The position paper wvas a guperb statement and I
supposed it would make a great impact on science educatian. It
did not. It seema tc have thrown acience education into a tizzy
because the document did not include a cancise definition of the
expression, "Scientific Literacy" - science educetion’s principle
goal! After a brief flurry of articles about vhat "Scientific
Literacy” might mean, it dropped from view, the document seems to
have been forgotten and even the leadership at NSTA seemed to be
vandering around looking for new directions. Last fall Dr.
Lamoyne Notte - newly appointed president of the NSTA, visited
our campus snd advised that the ocld position paper is in process
of being updated for reissue. What became of the impetus of the
70°::7

It is wmy perception that the entire document ig a
description of ®"Scientific Literary®" and how to echieve it. The
best statements I found in the literature came from Robert
Karplus and Herbert Thier. Karplus says that "scientific
literacy refers to one’s ability to use scientific knovledge as
though he had obtained it hiwself." Thier says it means having
an under-standing "not only of the basic structure but also of

the rationale, and vays of thinking that characterize modern day



science . . . appreciating not only the accomplishment but also
realizing the limitations of acience and scientists.® These
statements seem completely compatible with Ccnant'’s idea:
scientific literacy depends on acqQuiring an understanding of hovw
scientific knowledge is created - not in vague generalizationa
like the old "scientific methad® myth, but hy re-enacting the
sctual experiwments and followving the arguments both for and
againat, that finally resulted in apecific prepositions being
admitted to the body of scientific knowvledge. By so doing,
Conant argues, one begins to understand the tactics and
strategies of acience - to have a feel for wvhat it may and way
not be able to knov.

The word "science®, after all is derived from a Latin root
which meanas "to know* - and the great hope for the 70’s was that
our students might begin to understand not only what we know but
how we know: hov those mervelous insights vere acquired. The
great elemwentary programs - ESS, SCIS, SAPA, and others wvere
deaigned to bring this sbout. But those progrems simply did not
*catch on" - with teachers.

Elementary teschers were in no vay prepared to use them.
Beceuse their teachers taught science in massive doses of
lectured material - to be accepted by faith - beceuse very little
attentiion vas given to how these claims vere established. In my
own experience, it did not pay to ask how anyone could knowv that
any given bit of science was true. The study of hov ve knov is
that branch of philosophy known aa epistemology, and

traditionally taught individuals are in no way prepared to deal



vwith it,

I sav a need to do two things: to devise a methad for
agaessing the epistemclogical quelity of elementary science
naterials, and to tune elewmentary teachers into programs that are
epistemologically atrong.

The first tesk became my doctoral dissertation: "A Madel tao
Facilitate the Aamesswent of Epistemological Quality in
Elementary Science Programs.®* (Nichigan State University, 1974).
The study wvas replicated and validated by Estelle Tafoya ati the
University of Maryland in 1976. Her simplified wmodel wvas used by
the State of Indianae in evaluating science curricular materials
to recommend for adoption. Examples of the kind of
epistemological profiles one can draw using this method are
included in Appendix B (SCIS ve the text book program, Concepte
in Science).

The second objective has heen on-going ever aince. I have
redesigned my physical science courses into vnits of work, each
beginning at the very earliest historical record of anyone'’s
thinking on the subject. I remsearch the topic, write the
narrative, recreate the crucial experiments, study the arguments
and turn the information into a science course. My physical
science students take wmy science wmethods course the following
year. In this course they create their own units of instruction
on a topic they choose following the same model. They are
introduced to ESS, SCIS, SAPA, 0BIS, etc. and encouraged to draw
freely from all sources. They are required to research

their topic and write a narrative tracing its history as it




evolved. The students make a considerable investment of them-
aelves in this project, completing lesson plans and developing
materisls needed to teach them. They can improve these unite es
long as they choaose. If such a grass-roots approach takes hold,
wve may accomplish what the highly funded excellent programs~--
thrust on teachers from the top, could rot.

Description:

The focus in this program is on the education of the
elementary teacher. It is my atrong conviction that you cannot
teach what you do not understand, and that what you do understand
you can discover effective ways to teach.

Present scope of the program is the set of undergraduates in
elementary education at NSU. As funds become aveilable, wvorkshops
vill be offered to selected teachers in aree schoole--in the hope
of developing twvo very strong science resource teachers in each
elementary achool. Teachers will be selected on the basis of
their own interest in science teaching snd the recommendations of
their principal. It is my belief that the most effective vay to
improve the quality of instruction is by the positive influence
of individual teachers who enjoy wvhat they are doing and whosge
students make strong geins in their classes. If it works in this
area, it can be replicated elsevhere. Thus, the goals of the
program are the NSTA goel of a scientifically literaste U.S.
population.

The staffing requirements include a perscn with a strong
background in several aciences wvho can direct the ressarch in the

history of various science topics. And preferably some graduate



level teachere who are open to the approach and willing to work
at discovering ways to convey ideas to children. One key to thia
approach ie the creation of equipment that conveys a powverful
sensory message. For example, in teaching the concept of
bucyancy, I use cubic deciwmeter blocks of many different types of
vood. We obhserve how they feel and hav they float, hav much water
they displace and how much they weigh. When ve explore denmsity
formally we continue to use cubic decimeter blocks--only this
time, of aluminum, lead, and copper. The sensory experience
makes an impact. One 4th grader spent half an hour on the
telephon® explaining density to his father in California. The
idea i8 clearly understood and the language including the
mathematical ratio that describes it, become working tools for
these students. We develop the metric system after students have
vorked wvith these cubes until they are cowmfortably familiar
cbhjects.

Creating teeching meterials demands acceass to toolas, shops,
and industrial arts expertise; an industrial arts person is
indispensable to this project. Some one must maintain the lab,
keeping it available st user’s convenience, for the best way to
*fix" these ideas is to teach them to someone else. The lab
finally needse continuocus evaluation and promotion.

Cogta:

Funding to date for the Children’s Lab has been limited to a
91500 Grant from Firat Bank of Sioux Falls that got it launched
originally ea a project for area Girl Scouts, folloved by .

Title IIXI Grant through NSC in the amount of $23,000. This wmoney
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replaced old equipment and provided mome released time for the
director to create nev units on Air and Air Pressure, and
Electricity and Magnetiswm. As effective teaching techniques are
developed aad proved. additional funding and space vill be needed
to provide vaork stations for clessroom groups.

Development and deacription of the buoyancy unit are as
fallowa:

A DESCRIPTION OF THE LAB

In the actual design of the lab, I decided to follcow the

recommendations of John Lee, suthor of

in the Elementary School. In his chapter on unit development, he

recommends that you first gather s file of all the good stuff you

can find on the tapic of interest, study it snd then write all
you know on the subject ycurself, in the clearest language and
best organization you can muster. This he cells the "concept
clarification" - the teacher’s hest vay of making sure the ideas
are all clear and interrelationships well understood in his own
head. After necessary corrections, additions, deletions, and
several rewrites, the concent clarification becowmes the guide for
selecting the oppropriate content to be taught to a given group
of students.

I next highlighted all the worde that I thought my students
vould not have mesnings for and set about to discover sctivities
that would provide them. Some equipment had to be designed and
gathered; some items had to be apecially made. A trisel learning
sequence vas decided upon and wmy first experiment was underwvay

wvith my undergraduate ascience methods students. They vere
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enthusiastic., gave valuable feedback and contributed much to
naking the learning gtations both more attractive and wore
functional. The sequence of learning stations underwent several
revigiona. We invited sixth graders from a local achool ond my
students were amazed at how intereasted they wvere and how quickly
they caught on. Then, ve vere ready for the Girl Scouts. Sioux
Falle College provided an ideal room for the lab, and the Girl
Scoutg came, over the next two semesters, more than 300 strong.
The lab stations have continued to evolve and grow, but the basic
sequence of ideas haf rewained pretty much the same ever since.
We have experimented with times, group sizes, and teacher-pupil
ratios.

Of the various arrangements ve have tried, the beast by far
vas vhen children came to the leb for twa-hour sessions aver five
consecutive Saturdaya. Each of wmy students was emssigned to wmicro-
teach two or three children from grades four, five, and six.

Ideas developed at the lab steations are as follows:
STATION ). The mame object can both float and sink. We do this
vith vinegar and soda and raisins, each child observing his own
syatem, formulating complete statements to describe what he
ohgserves end vhat he thinks is going on. Mos*t children come to
the lab suppoeing that san object either floate or sinks, as their
first grade science lesson teaches. Station 1 ‘offends their
intuition® and generates lota of interest. It is one the students
love to repeat at home.

STATION 2. As a floating object goes down into the water, the

vater l2vel rises and as the object is lifted out of the vwster,
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the water level falls. Children quickly relate this observation
to the behavior of the see-sav and the balance. One session
exploring thias station enables them to discover that a floating
object is like a balanced sse-saw. the aobject on one side and its
displaced vater on the other. They formulate an accurate
statement of this relationship.

STATION 3. At Station 3 we invite the students to empirically
verify the relationship formulated above. Five cubic decimeter
wvooden blocks of varying densities are compared and set afloat in
gseparate overflow tanks. The displaced water is caught in liter
boxes and compared with the wveight of the displacing block. By
the cowmpletion of this experience. the students have a firm grasp
of buoyancy: an object that floats will displace its own weight
of water.

STATION 4. At this station, we take up a newv situation. Instead
of working with cubic decimeters of woud, we use cubic decimeters
of aluminum, and discover what hsppens when objects sink. The
aluminum cubes are weighed in both air and water and students
discaver that each cube seems to have lost 1 kilogram of weight.
They formulate accurate statements like:

a) "If an object sinks, it will displace its volume of
of vater, but not its weight."

b) "The aluminum cube displaced 1 cubic decimeter of vater."

c) "The displaced water is pushing the cube out with a
force of 1 kilogram. *

d) 1 cubic decimeter of water weighs 1 kilogram.”
e) "If a cubic decimeter of something weighs more than 1

kilogram, it will sink; if less than § kilogram, it will
float. "

13
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(At this point, we introduce the term "density" an some history
of the metric system.)

STATION §. At Station 5 students handle cubic decimetera of
aluminum, ccpper and lead. We ask them to come up with s mental
model to "explain® how three chunks of matter of the =ame size
and shape can have different weights. We develop the notion of
population density by standing in squares of various sizes on the
floor. They are usually familiar with the expressions "dense
fog® and "dense forest®. They invariably begin to think in terms
af "packing® to explain the density of the cubes.

A favorite activity for many students is to determine the
density of various types of wood blocks using a metric ruler,
triple beam balance and calculator. They enter their calculations
and compare them to those of students who have done this before.
STATION 6. At this station students are given balls of plasticene
and challenged to wmake them float. They discover that even though
plasticene is denser than water, by changing its shape it can be
made buoyant. Sheets of lead are treated in the game way.
Students discover that the principles of buoyancy can be
maximized by the technology of shaping.

Studente compete at this station to mee who can design and
build the paper hoat thet will carry the greatest payload of
marbles.

STATION 7. At this station students explore the effects of
floating objects in liquids of different density. They can
predict from their knovledge of density, what will float in

what, and what to expect of boats as they move from salt to
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fresh wvater.

STATION 8. At Station 8 children create and explore their own
Cartesian divers. By careful observation they can essentially
describe Pascal’s Levw, and interpret the diver’s behavior in
terms of the basic principle of buoyancy.

STATION 9. At Station 9 we examine buoyency in marine animels
and plants.

STATION 10. This station examines the application of buoyancy
to abjects that float in air.

In addition to the ten basic stations, social gtudies
implicetions of this principle may be explored in terms of where
civilizations have developed, how goods are moved, and how
control of waterways may becowme a matter of international
conflict. Another station features songs and stories of -ivers
and seas, with filmstrips, cassettes and bhooks. A station on
specific gravity and use of the hydrometer to determine
concentration of ethylene glycel has been set up, but seldom
used with children. The ideas are beyond most children we have
vorked with.

The primary emphasis in every unit of this lab is to help
studenta develap meaningful ideas, to see how they originated,
and to see how they are interrelested and applied. Unrelated bits
and pieces ig, by definition, confusion. The wmore integrated our
learning becomes, the more powerful it is for vhatever uses ve
choose to make of 1it.

Units of Air and Electricity and Magnetism ere developed in

the same way. They are far more complex.
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Results: Exte-nal Eveluation

The folloving report was made by our External Evaluator, Dr.
Michael R. Dincerson, Associate Vice Chancellor for Research, and
Desrn of the Graduate School, University of Nississiopi, October,
1988. The Children’s Lab is described gs "Activity II®" among
other Title III projects at Northern State lUniversity.

Agti ity I1 - Impiovement of Academic Progarams--Elementary
an ear aboratory.

The major objective for this activity for 1987-88 was to
improve the understanding of scientific principles by
incorporating elementary science laborastorv experiences into the
curriculum. The weterisls have been ordered and assembled and
are housed in B very attractive facility in the science building
at Northern. The curriculum on buoyency and air for the
elementary teaschers has bheen completed and is available for
inspection. The evaluator had a chance to proceed through the
step-vise process on the buoyancy curriculum to gain an
eppreciation for its philoscophy and its actual experimentation
from the simplest to most complex issues. This is a particularly
attractive laboratory and learning center because it teaches and
challenges its students to understand the basic concepts of a
scientific principle vhile adding a bit at each stage to allow
the student to build on earlier learning and to advance to more
complex stages in a short period of time. The strength of this
approach is apparent in that the student learns to think about
the problem and to solve it in a way in whici. the concepts are
incorporated into that student’s thinking process rather than to

have the student memorize a formule or a behavior which laterx
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must be applied.

The evaluator had a significant amount of time to talk with
he caordinator of this activity and was impressed with his
approach philosophically, with his energy and enthusiasm about
this effort and with hig ability to carry forvard with this
activity. This is a very important activity for the institution
and one which should be disseminated more broadly to other
echools for consideration.

This activity is on schedule and under excellent guidance.

} eBu H ter vealuati

Evaluations of many kinds have been an ongoing part of the
lab’s grovth and development since its earliest beginnings. Since
the aims of the. inquiry approach to science teaching is to help
kide do science pretty much as scientists do it, and since as
Bochenski has put it, the ultimate aim of every =zcience is to
establish true statements, (Bochenski, p. 7) our first criterion
of evaluation has been whether, in fact, elewentary children can
formulate significant true statements about the natural phenomena
encountered in the lab. Our success here has been phenomenal.
Because the ability of a group of youngsters to maske accurate
chservations is phenomenal. When they understand that our primary
objective is to describe, not to explsin, they are remarkably
capable of describing, in their own wvwords for the most part, what
they observe, and of associating the phenomena with similar ones
from their own experiences by way of analogy. They further
hypothesize about correlations and respond with very good ideas

to the question, "What would convince you that this is true?"
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Mary Budd Rowe’s ideas, her sense of wvhat constitutes success in
education, and the hard data she gathered to show how it can be
achieved, are the models wve followved for evaluation. Success is
measured in termas aof how much content relevant speech i=s
generated among the students azs they interact with materials.
And, one remarkably simple technique for achieving it is to
simply give kids time to formulate thoughtful answvers to
appropriate guestions.

The evidence of success in any educational endeavor is the
extent to vhich the teacher can engage the child’s mind, and
emotions and senses, pasitively in the context of the choaen
subject matter. By this criterion, the Children’s Lab is highly
succesaful with children. Initially, wve paired tvo elementary
teacher mejors with each group of ten children. They wrote the
students’ statements as they were formulsced, and we collected a
mass of data. It wvas 8 constant battle to get complete state-
mentse. Some children seem never to have been required to
formulate ¢ ete statements before. But, ve do succeed. Here
are some examn, .8 of their efforts:

*The raisin neede a lot of air bubbles to cowme up. Less
bubbhles (i or 2) to go down. "

"The boat will sink if it is heavier than the displaced water.®

"An aobject that floats weighs as much as the water it
displaces. "

*when an object minks, it will lose the weight of its volume
of water. "

"Fach waterial has its own ratio of weight to volume."
*"Dense means a lot of particles in 2 swall space.®

"An object that ias less dense than water will float. "

18



*Clay haa to be in a certain shape for it to float.®

*By changing the shape of the lead boat we displace more water.
*Salt water is wore dense than fresh water."

"when you aqueeze air together, the air gets more dense."

*when Pinocchio floats, he displaces his weight. When he sinks,
he displaces his volume, due to air compression." (I used a
Pinocchio figurine in a Cartesian Diver)

Children as young as sixXx and seven years old (last graders)
have done parts of the lab. All groups who have wvorked in the
lab have dewonstrated their ability to orally formulate true
statements, i.e., to create fundamental pieces of scientific
knawledge. When we wvere convinced of this, wve began to
experiment with having students attempt to write their own
statements. I personally began to raalize what a terrible hurdle
writing is for children and vhy teachers finally settle for short
ansver tests. But, when children are given less than one second
to formulate a verbal response, and are restricted to circling
the correct response on written tests, they have almost no
opportunity to demonstrate what they are intellectually capable
of doing. The fun is gone out of education, kids tune out, and
teachers burn out. But, it need not be this way.

Convinced that children can grasp ideas and formulate them
into meaningful statements, ve directed our efforts at getting,
in addition, some written responses. We designed a comprehensive
test that included all the science experiences covered in the
lab. We first gave this ag a pre-test and a post-test to about
250 Girl Scouts, ages 8-11 from Sicux Falls and surrounding

towvns. The Scouts received an average of 90 minutes hands-on
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experience and instruction in the lab.

The early part of the 25-question test dealg with
obmservations students wight have wmade from common experiences.
The mid-portion deals with the principles develaped in the lab,
and the latter portion with application of those principles.
Post-test scores showed a 20 perce..t average gain, heavily in
the mid-portion of the test. We were pleased with their gain.

We were also awvare that many students missed questions because
the vording was difficult, not because they did not underastand
the principles involved.

We next created a set of post-testae for each gtation and
tested these in the spring of 1984 with about 50 sixth graders
from Horace Mann Elementary School in Sioux Falls. These students
came for a gerieg of five visits, one each week at 45 minutes per
visit. The pre-test was dropped and station tests given at the
completion of each atation. Paire of preservice elewentary
teachers were aseigned to teach a group of ten students. The
post-test scores wmean vas 66 percent. Thus, students demonstrated
on a short answer test that they grasped about two-thirds of the
ideas ve presented. The range of scores vas quite narrow
suggesting that the effect of differences in teacher ability on
vhat students learned is minimized. "There were significant
differences in the classroom performance of the teachers in this
group).

One month after their last visit to the lab, I showed
8 set of slides of the lab stations to these same students and

asked them to write what they learned at each station. Their
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answvers were revealing und encouraging. Lack of gkill in writing
and spelling is eppallingly evident and there wvere wany non-
gentences, but every learning experience registered, sowme with
only one or a few, othersg with many. Here are some statements
from student papers on this followv-up test:
®"Almost anything can be made to float. Baking soda and vinegar
mixed together cause a reaction. The reaction is put to use by

making the raisins float.*®

*"The pan displaces just the same amount of water as its wveight
and that’e how it floats."

*when the block is placed in the vater its displaced vater goes
out into the container. You pour water in another cantainer to
equal the weight of the cube. You compare the two containers
and it tells you that anything that’s put in wvater will
displace itse own weight.*®

*The jug looks like it would be really light, but its really
heavy because it holds a lot of water."

"YWater is very heavy. "

*I learned about buoyant force. When you try to push something
in the wvater, the buoyant force pushes back."

"Only bowl shaped things float.*®

*The heavier the block the more water it will displace. The
block displaces its avn amount of vater. "

"The amount of space taken up equals the amount of displaced
water. "

*"The [aluminum] block equals the amount of water in volume."*

*The block weighs less under vater. When ve weigh on scale it
veighs 2.9. When vweighed in water it weighs 1 kilogram less. "

*The cube veighs lesa because the buoyant force pushes it up.*®

*"The cube wvent under water completely. The displac:d vater in
the box, its volume is the same."

*Sorry, didn’t see this. But did they measure the length of
the cube?®

"h *x h x v = volume®™
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"They put the sawme amount of water in the (plestic box) as the
{brasal weight weighed. "
*"Each cubic em weighs a certain amount. "

"When molecules of an item are spread ocut the item weighe less.
We talked about dense or densely populated areas. "

*If you densed the ball of clay together it wouldn’t float, but
if it was like a bhovwl it would float.*®

*"We shaped the lead like a boat and it floated.®
*Almost anything can float in mercury."”

*We sell up the air suple and puppte will sink. Puppte
nend air to float."

The last statement is the poorest of English, but represents
good understanding of the Certesian Diver. The Children’s Lab
wvorks very well with children.

This group of sixth graders was taught by undergraduate
studente in wy ecience wmethods course. Each pair of undergrads
vas agsigned to work vith a graduate student. All the graduate
students are certified teachers vith experience. The graduate
students observed that we expect a lot from these preservice
elementary teeschers. It is their first teaching experience. The
material is new to them. The content is woderately difficalt
science. The methodology is "far out" and they have no idea
vhat the children are like until they arrive--quite excitedly
--for their first lesson.

Some consequences were:

All the teachers were nervous, some wvere weak on their own

understanding. *Lights" were still going on for some,

three~-fourths of the wvay through the tesaching experience."
All needed more work with questioning techniques. Some
inaccurate statement= slipped by, both from children and

from teachers.

Some confusing test questions were discovered.
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At least one teacher discavered that ghe did not want to
continue in elementery education.

Maost teachers expressed their own desire to be much better
prepared to teach.

Some concern was expreased about children who were placed with
wveak rr uncommitted student teachers. But, all agreed it is an
excellent learning experience for all preservice teaschers and
especially for those children vhose teachers vere wvell-prepared.

Lab teaching is done acutside of claas time and even
conecientiocus students sometimes find it difficult to schedule
sufficient practice before teaching. Some at the ocutset are
unhappy vith this teaching requirement, but atudent evaluations
of the lab teaching learning experience are over-whelmingly
positive. And, we have documented cases where children got
ideas straight even when the teacher didn’t understand. There
is 8 wuch greater chance for this to happen in a hands-on
situation than with a textbook in the clasaroom.

Final exam essay-type questiona on the concept of buocyancy
show that my college students in the spring of 1985 finally
grasped the cluaster of ideas very well., They both drew accurate
diagrams and also wrote clear explanations of what happens in the
lab. They vere, in addition, asked to keep a journal and write an
evaluation of their experience of teaching children in the lab.
Some representative comments from journsls follow:

*when I don’t say very much, they talk about wvhat they see,
and they toss different ideas around and tell each other if
they agree or disagree." -~ Tammy

*My problem vas letting kids discover why raisins rose and
fell instead of telling them." - Jan
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*We realized ve needed more practice in the lab and more
preparation. * - Paw

*"T gany the fun, excitewment and relevancy of hands-on science.
I gained respect for the students. I elso geined respect for
the tesching profession." - Brenda

"Itas really interesting to see the change in Chelsea. While
her spelling and writing are not good, she can tell us what
is happening." - Deb

"I was amazed at hov fast Chris and Chad figured things out.
But Chris was frustrated because he had trouble writing things
dova on paper.® - Dawn

"The most interesting thing I leerned is that these kide catch
on really fast. Children eare very descriptive. And I talk too
much. ®* Tina

*Y made the mistake of including volume in a station that was
only supposed to deal vith weight. My mistake caused much
confusion in all the studenta.®* - Willie

*"Heather and Josh seemed to catch on fast. " - Karen
*"Goaod smart kideil"™ - Tracy

"They caught on quickly. It was hard for them to meke complete
statements, but once they did, they vere good statements. "

*"T feel the kids are learning in spite of our goof-ups. "-Emily

*Nathan does not say much, but seems to have a better under-
standing than Karisaa who wants to do all the talking. "-Emily

Comments frowm their eveluations of the lab follaw:

"] ¢will admit I was a skeptic about how much these "young-uns'

could actually learn about displacement. They continued to

surprise we with what they could comprehend. The biggest thing

I learned wvas that I can’t put a limit on vhat these students

can learn. They excelled far above the level of my
expectations.* - Pam

"] learned a lot through these lab experiences. NMost important:
preparation beforehand is absolutely necessary. As 1 taught the
kids I understood the concepts better mysel®. I learned that
you can’t teach unless you know vhat you’re teaching."-Emily

"It was fontastic to see the face of a child light up when they
understood what was happening.® - Cindy

"I needed to actually see the children teach themselves through
the lab stations and through their own interest and excitewent.

0. 24




21

"A teacher who lets the students make their own statements
about vhat’s happening enables the child to know if he under-
stands and also showa the teacher that he has grasped the
concepts. " - Darla

*The lab gete the kide’ creastivity flowing! Thim hes to be one
of the most effective wcys of teaching.* - Tracy

*You know the kids have successfully grasped the concept when
vyou hear it coming back to you in their own explanation. ®

*It made me feel good when the kids felt free enough to =ay,
‘*Then I guess I really don’t understand. "

"Underestimating kids is s big mistake." - Ligse

*When the children were learning and doing they were not
behavior problems." - Donna

*The buoyancy lab vas one ox the best experiences I have had,
not only for teaching science, but other subjectas as well.”
Chris
"They all wvorked until they had a successful outcome. I learned
to look at each staetion differently after hearing their atate-
ments. I learned more about bucyancy from liatening to the
girls and their comments. 1 feel good about what we
accomplished. ¥ - Judy
Other groups have used the lab. We have run a series of summer
wvorkshops for teachers that are brcoming increasingly well
attended. Workshaop participants have been especially
appreciative of whet they learn. Some comments are 8s follows:
"]l vas made wmore avare of the power of languasge.”
*The explanastion of why things eppened was often 8 blank until
I realized I could try to explain it just by use of my own
knavledge. "

*Moat importantly, I leerned to think.*®

"There was no wasted tiwe. That in itself was & good
experience.

*This has been the best workshop for information I have had.

*I learned that things that seewmed s0 hard can be made easgy-
like Boyle’s Lav."

*This class even helped us put ideas into succinct language-
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language that said vhat we meant. "

*It iz the most basic teaching I hsve ever seen--nothing is
agsumed. *

"Everything vwe did . . . I can use or modify tc use in my
chemiagtry and earth science clauses. "

*I can never remember learning so much about science in such
a shart time. "

*I feel that I have gathered some idesrs I can use in Social
Studies. *

Finally, wmany groups have come for a “walk through®" of the lab.
Such vigits are of limited value. Inquiry science only ®*works®
for people who are willing to intersct with the phenaom+sna of
neture, and then express wvhat they experienced in statements.

This isms, indeed, wvhat science is about.
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CONCLUSIONS AND RECOMMENDATIONS

This program has been remarkebly effective. It is derived
from a very strong philosophical and theoretical base and it has
been fine-tuned with teachers warking with children.

The Children‘'s Leb is a naturel setting for further resesrch
on learning. It has yet to be opened to hearing snd vision
impaired children, children with reading problems, and minority/
culturelly different children.

I need to conduct a8 survey of teschers who havy been trained
in the lab to mee if and to vhat degree their experience has
influented their own clasarocom practice.

Teachers may need help in adapting vork stations to lesrning
centers. VWays to find gpace in elementary classrooms and to
raplicate good teaching materiels must also he explored.

The wost critical needs for the project’s continued
development at Northern State University are released time for
the director, snd graduate students interested in pursuing the
developaent and implementation of newv unita. An especially
urgent need exists for a unit in Anatomy/Physioclogy and Health.
And the lab regquires more space. It nov has one classroom for
work stations plus a prep/storage room. This provides enough
apace to aet up ten wvork stations as learning centers, but only
3-5 students can vork at & station at one time.

Funding for the progrem has been adequate to make it
operstional. The process is by its very nature, slow. There are
no guarantees in either research or in development and testing of
materisls., For this and other reasons, it is hest kept s "grass
roots® operation. Howvever, a network of interested “"grass roots
type® science educators would greatly move this effort slong.
What has been done to date could easily be replicated at any
institution that would provide space and equipment and leadership
for it.

The Children‘’s Lab at Northern State University is open for
dissemination of inforwation, for rescearch, and for input.

Dr. Paul S. Knecht

Director of the Children’s Leb
P.0O. Box 685 at

Northern State University
Abexrdeen, SD 57401
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THEORETICAL UNDERPINNINGS - CONANT

The theoretical underpinnings of the lab go back to my own
undergraduate education vhen I was a chemistry major at the
University of Louisville. Kentucky, much more interested ia how
things can be known that in wvhat people claim to know. My major
professar put me in touch with Dr. James B. Caonant and his
writinge, opening a whole nev world to me. Conant, organic
chemist, former president of Harvard University, Head of the
Atomic Energy Ccmmiseion, Arbassador to Germany (and how many
cthes superlative distinctions I cannot tell), proposed quite
simply that:

A. ZScientists approach their work from a certain "paint of
view, "

B. That this "point of view® exists gquite apart from the
knowledge that they generate (and cannot be discovered
through that knowledge even by mastering great quantities
of it).

C. That the best way to acquire this pcint of view is to
reconstruct the precise history of how specific bits of
knowledge were created.

D. And finally, that it is the very simplicity of early farmal-
izatiaons of knovledge that enables us to grasp the scientific
point of view which remains unchanging over time, though now
undiscoverable in the extreme complexity of the knowledge
currently teing created.

Now, boats are as old as human civilization and the bhacsic

principles aof buoyancy vere formalized by Archimedes in the 3rd

Century before the Christian era. The mo=st fundamental ideas in

tne physical sciences--weight, volume, density, displacement,

shape and measurement--are discovered in exploring why things

float and zink. 5o, "huoyancy® was a good choaice from Canant’s

perepsctive far helping students to begin to grasp the
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scientist’'s point of view.

Conant’s cbjective in developing this approach was not to
Create scientists, but to provide for the general education of
layman faor active participation in a democratic socaiety. The

—

Harvard Case Historizs in Experimental Science, a twa-volume

e e * —— ¢

work, is available nav as an exgression of his influence and his
deegr conviction ¢f the validaty uf this approach.

I know of no fine. =tarting glace for anyone interested in
this kind af science educaticn. The current popular work of

Thomas 3. Kuhn, The Structure of Scientific Revolutions, is a

further elaboration and outgrawth of Conant’s work. Inherent in
this approach is the notZan that we enly grasp wvhat is truly
important about science when we see the basis on which belief
systems have developed and changed, i.e., vhen we begin to
understand haov scientific statements are verified.
BOCHENSKTI

A second strong influence in the design of the Children’cs
Lab is the wark of philosopher and logician, J. M. Bachenski,

entitled, The Methods of Contempcrary Thought. Bocheanski looks

at science from the percspective of statements and their
verification. and while warning of the enormous problems in this
field, he proceeds to greatly clarify the nature of scientific
knovwledge by describing the kinds of statements is containe.
vhen classified on the basis of howv they may be verified. In so
daoing, Bochenski relates sensory experience, meaning, an
verificatian and clears up scme problems that have defied

philo=cphers for centuries. He cees language as the place to
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start because inhie vords, "Every science strives to estaklish
true statements: that is the ultimate aim." He further affirms
that "the truth of a sentence must be either apprehended
directly, (i.e., by sensory experiencel or inferred: there is
not, and furthermore there cannot be, any cther way." So, there
are only two methods of verification for statements, which give
rise to exactly four kinds of staterents, and the four kinds of
statements constitute the eatire body aof scientaific knowledge.
He names and describes them as follows:

1. PROTOCQL STATEMENTS. These statements describing what

someone has "apprehended directly® by immediate sensory
experience. They refer to the content of that single experience
exclusively, and verificetion of such statements is the
experience itself to which this statement uniquely refers. Such
verification says Bochenski, "is incorrigible...it is impossible
to be mistaken about it except in a verbal sense." Carefully

kept records aof such experiences, including circumstances, date
and time, place and observer’s name, etc., constitute the hard
evidence which from an epistemological point of view is the
foundation of the system. Thecoretical elements play a secaondary
raole. Protocol statements ultimately determine the admiseability
of other elements to the syster. Anything inconsistent with
protocel statements must be set aside... Anything which serves
to explain those staterents is admitted. " In more familiar words,
observation described in precise language are the things abcout
which we can feel quite certain in the body of scientific

knaowledye.
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2. GENERAL STATEMENT Despite all their certainty, protocol

- i it

statements are of little consequence unless they can be
generalized. The fact that something was abserved cne time,

hovever remarkable the event, is only cf curicus interest. We
want to be ahle to say, whenever such and such conditions prevail
s and so can ke expected to regult. Yet, in the very act of
formulating the generalization, we move from the kind of state-
ment that can be known with certainty to a new kind of ctatement
that must be farever uncertain. Al]l generalizations go beyond the
the evidence, describing not only what is, but what has been, and
what shall te. And as stated by Hospers, "It is logically
impcossible to know the truth if any statement involving the
future...fthusl] we cannot know that any iaw of science is true."
(Hospers, p 169;. Or, in the words of Glen Berkheimer, "empirical
knovledge by its very nature is inconclusive because it is
impossible to ohserve all possible cases. " (Berkheimer, p 41).
Scientific laws are, in the final analysis, statements of
empirical probability created by a thought application preocess
known as "induction®™ of which Bochenskil says:
"The great work achieved by induction appears to the
logician like the successful deciphering of a text in cade
to which ve =till lack the key. That some things have been
decoded seems certain: it is just that ve do not know how
this has happened." (Bochenski, p. 114)
Finally, with respect to both the protocol statement and the
general statement, the conditiocns under which the event tock
place must be very precisely described, for the slightest
difference in a single variable can drastically alter the

results. Protocal statements and general statements differ

s1gnificantly in just one way. One refers to a single event, the
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truth ot which can be virtually certain; the other refers to all
possible events of that kind and we can never be sure it is true.
But, protocol and general statements are alike in other respects.
Both describe interactions among nameabhle physical objects and
both describe phenowmena that can be observed by the five senses.
Hence bath are expressed in the same kind of langyuage vacabulary.

3. THEQRETICAL STATEMENTS. The third tyre of statement Bachenski

descrabes is radically different from the first tvo in that it is
cancerned exclusively with the meatal models we create to explain

the uniformity of the physical world. These are called
"theoretic® statements and they name and describe things whose

existence can only be inferred, that are not physical obhjects we
can perceive by our senses. Atams, electrans, gravity and genes
are exarples of such "things". We cannot know anything about such
things by direct senesory eXperience. All that we can know about
them is to be learned by examining the history of how they came
to ke, and what protocol statements and what scientific laws they
were invented to explain, and whether or not they da in fact
explain them, i.e., simplify and integrate the great masces of
diverse information contained in protoccl and general statements.
1f they, in addition, help us to make non-t. ivial predictions
that can be observed true back to the censory level, then
theoretical statements becaome valuable guides to continued
scientific exploration. They give us helpful waye of thinking
about the world and it is not te:ribly important to know if they
wre true. That iz fortunate, far there is no way to fiond out,

In zummary then, the structure of scientific knowledge
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rests on the solid foundation ¢f piotocol statements. The ne:xt
level above protoccl statements is compoased of generalizations
known as scientific laws. And the top level consists of
thecretic statements--descriptione of our ways of trying to
organize and siwmplify the vast amount of octherwise unrelated
information aboaut the warld, by creating mental madels in the
process kaown to philasophy as reducticonizm.

4, ANALYTIC STATEMENTS. There is yet a fourth kind of statement

that concludes the liset. Thesze sztatererts give us no information
about the physical worid, but only about how we have agreed to
uze words. They must be included hawever, simply because ve use
words to formalize scientific knowledge. These statements are
called "analytic® statements and their distinguishing
characteristic is simply that the subject and the predicate
mean the same thing. Thus, they can te verified simply by using
the dictionary, and they are called "analytic" statements hec.-use
thear verification consists exclusively in an analysis of the
words they contain. No examination of nature or logic is
required. An example of such a statement might be, "Invertebrates
do not have backbones.” Analytic statements are extremely
deceptive at times. Much of what passee for ccientific knowledge
is in reality knovledge about the vays in which we have agreed
to use language.

wWhat, then are the implications of Bochenski's woark for
science educaticn? First off, =cience teachers need to understand

what tinds of statewments we can know with certainty, what kinds
of statements we accept on the basis of probability, and what

Vinds ol statements ve accept because they crqganize and simplify
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and give direction to exploring an otherwise overwhelming amount
af information. If the warring factions in the texthook
controversy could understand this much, a great deal of energy
and resources cculd be directed into more profitable activity.
Secondly, when children have hands-an access to the phenomena of
nature, they are astonishingly capable of making accurate
protocol statements. In =0 doing, they are creating the very
foundation of scientific knowledge. Further, they are capable of
making general statements and of designing experimental
procedures for verifying them. They identify the variables,
recognize the need to control them, carry out investigations, and
interpret cutcomes. And, in all of this, a great deal aof language
is learned. It is my own belief that theoretic statements are
inappropriate until the force of the evidence and rea=soning that
led to their formulation can be felt and understood by the

student. Most theoretical knawledge in science belongs in

secondary schools and beyond. Elementary school is the place for
children to begin to explore and describe phenomena, and to build
the foundations of scientific knowledge.
WILSON

A third major influence behind the Children’s Lab is the
work of John Wilson, extending Bochenski’s work on language and

verificaticn. His little bock, Languaqge and the Pursuit of Truth

lay=s tare come of the most proafound, yet obvicus, truths about
the na'ure of language, beginning with the nature of words, and
why we are able to use worde to communicate. The great motivation

behind thisz book is a conviction that all the praoblems facing
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humankind must either be undertaken with words of understanding,

or hy campulsion and vioalence. And the discovery of truth is

especially dependent on our understanding the notians of
"meaning® and "verification". Here is Wilson’s basic premise.

Words are like all her artificial siqns: a gesture, like

nadding cne’'s head to indicate aqrement, or shrugging the
shaoulders to convey 1ndifference: The dots and dashes of Morce
Code, the flag positions cf semaphore, the flashing red light at
the intersection, the ringing of a bell, or the column aof white
or black smoke eagerly avaited by the crowds at St. Peter's

Square--all of these artificiael signs, like words, have no

meanings in and of thems.lves. They are effective for

communication only because pecple have agreed to use them in

certain ways. Thus, it is our agreement about its use, not the

sign itself, that enables us to communicate by signs. It is cur
agreement about its use, and not the vard itself, that enables

us ta communicate with words. 1 say aqain, vords do not have

meanings. Words cannot transfer meanings from the teacher to the
students or from the textbook to the student. Nor can pictures,
and vhile a picture may well be worth a thousand words, even

*pictures can only serve to remind us cf experiences we have
had.”* (Walton, 1973, p. 300

If I have a meaning and you have a wmeaning and ve have
chosen a word to designate that meaning, then that word is
useful to us in communication. But wvords can only help us
—communicate about meanings we already cshare. If either of us

lack

ity

the meaning, the word can do nothing to put the meaning

in ocusr mind., Yet, we have assumed that students can get meanirngs
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aut of wvords, and have turned cur whele educational system into
wvhat is often nothing muie than emply verbage. I call it
"wordgebra®--you know, what is another vord for __ ? Mast sadly
of all, knowing_ another word for it seems to he our single-most
truszted measure of whether a student has learned or has not
learned. What we most desperately need are methode of shawing
teachers hew to find and create meanings for students--and for
themselves. Meanings come anly from sensary experiences and curx
reflectione on them. It is these experiences and reflections that
create the need for language and language must be develaped in
conjunction with them, if we are, in fact, to be able to talk
about what ve know, and to know what we are talking about.

The jot ofleducaticn nust go beyond the busiuess of
chasrging aur children with empty verbalisms. The Children‘’s Lab
1 an attempt tc create meanings through sensory experiences to
which functiocnal language can then be attached. Only meaningful
languaye i= useful in practical preoblem sclving.

But, Wilecon offers one more phenomenal iasight to learning:
he provides a practical sclution to the groblem of verification.
The traditiocnal philosophical stancz has demanded that three
conditions be met. We can claim to know if and only if (a) what
we claim to know is, in fact, true; (b) it i= based on good
evidence and (c) it is believed by the one who claime to know it.
Bachenski’s insight was just that the four types of scientific
ztatements each has its own unique method of verification, and
the dearee of cconfidence we can put in each differe. Wilson’o

insight was that verification ics ultimately a perzonal matter,
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and the three practical conditicns that must be met are as
follows. The first condition 1s that we discover the intended
meaning; i.e., what the statement maker is trying to accomplisgh.
If he is making a knowledge claim we can proceed. Secondly, we
must individually decide and then agree betarehand on what we
would accept as verificatiwn. And finally, we musat conszider the
evidence and make a deci=ion. Wilson is very strong on thics
point. By way of further clarification he =tates:

"We can logically compel szomecne that what passes the

verification tests for being red is actually red. But, we

cannot logically coumpel him to agree to accept the

verification tests themselves." (Wilson, p. 89)

Carnap ccncurs, stating:

"...everyane is free to decide vhat kind of verification

he intends to allow...but he makes clear that in the

gciences, statements must he ‘ultimately verified by

sense experience’”. (Quoted in Bochenegki, p. S6)

Thiz approach makes every perscn responsible for what they
telieve. Children respond very actively to this challenge and
becume involved in amazingly caomplex arguments that dieplay an
exciting level of seldom tapped crngnitive ability. Students
that get i1nvolved in this kand cf activity are doing what the
NEA and the NSTA have been calling for over several decades.
They are learning how to learn.

ROWE.

A fourth perscn whose influence is strongly felt in the

Children’=s Lab is Mary Budd Rowe of the University of Florida,

and her ccience rethods textbook for elementary teacherz., Rowe

1

"

the sozt dedicated and competent perzon 1 know of irn the

1mplementation of laguiry teaching in the elementary clacsroomn,
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She maintains that the critical issue in education is the
student’s attitude toward change. Same students believe they can
influence the direction wvf change and vthers do not. The first
group she describes as bowlers, the second aes crapshooters, and
she designs curriculum to help all gtudents balance thece
opposite tendencies, and develup a realistic attitude toward fate
control. She begins with the idea of systems and variables, for
wvhen you learn to manipulate the vasriables, you gain some control
+f the gystem and you can influence cutcomes to be more favorable
than they might be by chance. Mary Budd Rowe see sclience
education as a marvelous avenue for teaching children about fate
control, consequently about hope, and about language. Her tape
recordings of more than 800 sessions of traditional classroom
instruction in science led to the astonishing discovery that in a
40-minute class period, the average teacher asks between 120 and
200 guestionse. She also discovered that the teacher waits on the
average, nine-tenths of one secaond for students to ansver. The

s me studies document that some teachers spend as much as 25 %

wf all their talk in praising and blaming. Clearly, there i=
little chance of engaging the child’e mind in a meaningful way
about the subject matter when clagss 12 conducted like thigs!
Rowe's research is the strongest argument 1 know of for inquiry
teaching and learning, and her recommendations for correcting

theze appalling situations have been demonstrated effective.
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APPENDIX B

Comparigon of “SCIS" and "Concepts in Science® profiles of
sentence types taken from comparable topics in each praogram.

The SCIS Profile (845 sentences analyzed)

Non-assertion accounte for 62% of the total sample. The
remaining categories are rank ordered by rercentage of the rest
of the sample. The percent shown is the number of sentences in
the cateqory aover the number of assertione inthe sample (323), to
the nearest whole percent.

Not science subject matter 29% Not fully explicit 4%
Anolytic (word meanings) 28Y% Subjective ax
Epistemalogical 18% Theoretic 2%
Synthetic 12% Non-Cognitive o%
Knowledge how to do 47 Wording not consistent O%

Concepts in Science Profile (552 sentences analyzed)

Non-agssertion accounts for 43% of the total sample. The
remaining categories are rank ordered and percentages calculated
as above.

Concepts in Science Sample Profile

Theoretic 20% ¥ording not consistent 7Y%
Synthetic 15% Non-cagnitive 7%
Analytic 13% Problemns 5%
Peeuda-Protocol 9% Epistemological
{non-theoretic) 4%

Make-Believe 9%

How to do 3%
Not Fully Explicit 8%

Not Science 1%

Overtly Subjective %

From "A Nodel to Facilitate the Assessment of Epistemological
Quality in Elementary Science Programs®" unpublished doctoral
dissertation by Paul K. Knecht, Michigan State University, 1974.
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