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In calfting for continued Federal support for cocrnitive

psychological research = which impacts co¢n science and-
mathematics education 1 draw on twelve years of experisnce
evaluating science and mathematics éducation progrems and
conducting cognitive psychological research specifically
designed to aid teacher educators and curriculum developerse

In order to maintain our excellence in science and mathenat=

4

jcs education, we must maintain the impact of cognitive
psychological research on curviculum development and teecher
eduﬁation. This paper suggests oriorities,for the rcls of
cognitive psychology in curriculum development anc teacher
education in 1982,

We nced an empirically based, rapid]y’_devaloping sci-

ence of science educatien, informed by cognitive psychclogy

to ensure our leadership in this field. Developments in

cognitive psychology which have influenced the current sci=
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-ence of science education and which could potenfially revo-

lutionize & future science of science education are éel-
ineateds Before describing a science of science educgtion,
howe;e?f I discuss why science educatlon is a natuonal/con-
cern and how the rapid advance in science knowledge and cog-
nitive psychological knowledge create a sense of urgency

about developing a modern science of science education.

SCIENCE EDUCATION IS A NATIONAL CONCERN

The strength of the United States Jdies in its ﬁgghndfiz/'

-~
OGY e A major component of our national dgféﬁée

acvantage in the area of technology. Excel¥ence in scienck

education ensures that we can continue/;o intain our tech-

fe

rological advantage. Our advantage i science, ecucation

- . . . . -—-/-.l
stems, in part, from cocnitive psychological research,

Evidence for the~yglue of American technology//;omes
from recent crimes. Alleged théft; of'micrécﬁigs/?;ﬁn‘ébm;
panies in Silicon Valley, reporged]y ‘mn%}neered by the
Soviet Union, attest to the value of Américaﬁ techreclogye.
Cur technology is sufficiently important to foreign g¢overn-

mentsy that they appear to engage in crime to aceuire it

. {Sap Enanqiscg Cropicles March, 1982).

This concliusion stems from examinatson of huqh tccbnol~

ogy surveullanc° equipment originating 4 the Sov:et Union
‘1

znd recently confiscatéd of f the East Coast of the United

States. This Soviet surveillance equipment was fcund by

Pt




fishermén and was.turned over to the Def:née Department.
Fngineers in the Defense Departmenf disméntled the ecuipme;t
and discovered that the microchips used in the 'eouipmént
vere American in origine Thusy it appeers that our tcchno-
1egical advgnces are being stolen by tﬁe Soviets tc provide
* components for their most séohisficated surveillance ecuip-
ment. Although science education hay not® prevent Ifterna-
tional crime, excellént science education may, at least,

e L 4

____ —motivate foreign governments to desire American techrclogi-
| gn gov ‘9

-

cal expertise.

A threat to science education in the United States is a
threat to. our naticnal security. When science education
became a national concern we dramatically upgraded our sci=
ence educatioﬁ programs. Current declining funding for séi-
ence education research and development comes at a time when
we have shortages of qualified »cémputer programmers and -

-

////// engineers. To ensure modern educational programs we must

»

support science education research and develcpment infor ned
by cognitive—psyehoTogys
| , RAPID AD!AECE IN SCIENCE EﬁQHLEQéE AND
COGNITIVE ESYCHOLOGICAL KNOWLEDEE

/////////// We need to maintain and expand our expertise in science :

/// and mathematics _educatiom —and our ability to incorporate

I

gﬁ{gﬂcG?”bem cognitive psychology. Our sclence education

* . . .
progrems must reflect rapid changes in scispce knowledce on

o

§
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,t‘he one hapd, and in coanitive psycholocical knowlecce on
the cother. Dﬁr scientiffc‘know1edge is rapidly advancing.
Similarly, our cognitive psychological knowledge is rapidly
advancing. He must continually incorporate these_a&vances

into our science of science education programs.

Recent advances in science knowledge include: &) the-
developmznt of the microchip and the addition of ﬁome com- .
puters to many households in the United States,‘b)§lh?i syn=
thetic production of insulin and other importanEZSicchemical
substancesy and c)} the use of high powereﬁ lasers to icnite
thermal-nuclear  fuel. These and other advances have
cchurred/éfter a large nuﬁber of our citizens have taken

their last science course and, indeed, have 1éft schecl.

An important aspect of science education is to develop
in our citizenry, the ability .to update their science
knowledge after -leaving school in order to ‘mqintain their
science literacy, Ne need a citizenry that seeks and dig-
ests information available in magazines such as: DiscCVvers
£cign§g 82, and Quest, and in books published i; the techno-
logical area. We might develop science curricula for infor-
mel learning environments‘such as science centers and com=
munity education\centerSs In order to acccmmodate rapid

advances in science knowledge we pmust revise our science

education programns for schools,

Rapid advances in cognitive psychology can creatly

enhance our science programs. Herb Simon at Carnegie-tellon

-




' University refers to the recent \advances in cocnitive

psychology as “a revolution” (Simon, 1980). Don Norman at
the University of California at San Diego\\points out that
cognitive psychologists are now studying “reel learning” as

opposed to the sorts of problems thet have been studied 1in
] ‘ .

" the past (Norman, 1981). Psychologists can no Nonger be
accused of focusang on nonsense sy11ab1es or the beha
rats. Cognntnve psychologists offer us ouidance<fcr teach~

ing complex concepts and real prob]em solving.

Recent advances in cognitive science include &) chess

claying machines which can beat master chess p1ayers. bl

explanations of complex problem solving such as ﬁhe tehavior

required to conduct a medical diagnosis or phyéncs € Xperi=

mefity c) instructional programs which dliagnose and respond

3

to individual differences in the rate of learning and in the’

errors that the learner is likely to make « These advances

are critical to our science and mathemnatics educaticn pro=-

grams. These findings from cognitive science enable us to

rapidly increase our expertise in science and mathematics

ecducatione. S

To naintain our expertise in scnence educa&ioﬁg a

-

_-paticpal concern, we need vontinued Federa1 support for cog-

nitive ressarch focused on issues rclevant to sciencec and
f

mathematics curriculum development and teacher educatione.

Cur expertise in cognitive psychology is a national

expertises? Those in cognitive

resource. He export our




) : psychology reqularly receive reprint recuests and invita-

tions to present their work from the International ccrnun-

ity. He need, also, to utilize our expertise.

HOW DCES COGNITIYE PIYCHILOGY
IMPACT 0N SCLENCE AND MATHEMATICS EDUCATION?

- —— o - - ——

P - [

There are two important ways that advances in cocnitive
psycholegy impacts: on science and mathematic educstion.
ence of science education. Second, advances in cconitive
psychology can suggest ways to enhance our sxpertise in sci-

{
ence educzation. -

. A Eramework for 2 Science of Science Education

Curriculum development and teacher educaticn efforts

will be most successful if ihey ‘benefit from relevant

\ successes‘and failures. Only by accumulating our kncwledge
N can we continuously enhance our ;éience and mathematics edu-~
\\\ cation proérams.‘ Thus, we need to think of scierice educa-

LN .

tion as a science. The science of scisnce education tuilds

(knowledgz of how to improve our cirriculunm efforts and our

teacher education programse v

Recent advances in cognitive: psychology emphasis the
need for more empiricism 1in science fducation curriculum

development and teacher education. Examples of curriculum

development efforts at the Lawrence Hall of Science

Firsts cognitive psychology provides a framework for & sci=
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emphasize the {importance of empiricism in curriculum

development-effortse Typically, activities developed at the

Lawrence Hall of Science go through three to five revisions
tefore they are réady _for classroon use (e«Gey Health
Activities Program New§1etter, 1976-1980). These revisions
increase the effectiyeness of the materials in fostering
learning. We need to apply this model of enpirjca1 test and
revision to development of new prpgraﬁs. especially prcarams
incorporating recently available technolegy such as persondl

conpyterse. .

»

Currently, computers are largely being bsed for dri}T
end pracﬁ%ce “in edpca&iona1 S?oqrams--far from their full
petentiale Empirica1 research fis qgcded to determine how
conputers caﬁ best be used in science and mathematics pro-
grams. ID teachef educstion we have developedy over the
yearSo- better undefstanding of how to train teachers. Con-
tinued empirical investigations ensure that our -teacher edu«

cation programs are continuousﬁy updated.

At the Lawrence Hall of Sqiencé we have deve]éped (over

e past 20 years) expertise in curriculun developnent and
<§Zacher educat?qﬁ;py determining which aspects of -our -pro-
grams are sgcce;§fh; and which aspects are unsuccessful. He

/ \ - ! : L] ! L d bl
can be seen as enginesrs of science curricula and teacher
, ~

education programs in that we tinker with these prcgrams

1

until they become sffective educational—toolss

The Lawrence Hall of Science has gained exbertise in

! i
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ss/ence and mathnmatucs educat jone First drafts of curricu~
- Jum materials and teacher education materials are far better
‘.than first drafts developed years 3go. This expertise also
convinces usy however, that cgrriculum. materialss teacher

\ .
workshop planss, ancd exhibits for the Lawrence Hall cf Sci-

ence when they are in their first version are indeed first

drafts. Like all other first drafts, they are in need of
revision. As we deveiop expertises we become more, rather
than less aware, of the need for revision based on feedback

from pilot tests of our materials.

’ 1

uur gains in expertise in Scieﬁ;e education mean that
we answer some questions and pose new questionse. Rhereas
early science curricula concentrated mainly on présenting
the science concepts effectivelys we now attend tc-addi-
tional issues and especially issues suggestad by cqgnitive
psychologists« Thus, we can pay attention to tailoringc our
activities to differences in students. HKe are able tc¢ pro-
vide, within the science and mathematics Eommunity, cppor=

tunitfes for students who learn at different rates tc galn

from the programs. In additions we can provide weys to -

tailor activities to the needs of handicapped stucents .

Similarly, in the area of teacher training, we can net only

-

train teachers to consider the characteristics of Tlearners:

in providing instruction but also we help teachers to recog-

nize which learners are in need of help and to diagncse the

type of help that is likely to be needed. For example, we

can help teachers recognize the errors or .misconceptions .

w0

.......{
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their students 'are likely to have. Thus, our expertise in

’

the area of science .education, informed by cocnitive
psychologys, cnables us to consider more difficult prcblems

than we ~ere able-to consider in the paste

?

~

Advances ip Cognitive Psychology

Ipportant for 2 Science of Scisnce Education

|
Cognxtive psychology provides us not Only with a frame-

work for a science of sc fence educatuon but also with

research findings which can rapidly enhance our experti in

the science of science education. This expert;se vrhance-
rent occurs because we use clues from cognitive _psychclogy

to guide our science of science educations

'

, .

o

Cognitive psychoicgy and tﬁé‘science of science educa~
tjon enhance each othere Cognitive sci ientists frecuently
Q -

select problems from science education wWich have perplexed
science sducators (eege~ Siegler: 1976, Proportional Feason-

ing)e Similarlys science educators pay attention to cogni-

.~ 7
tive scientists because cognitive scientists have addressed

4
/

P/ N .
jssues in problem solvings such as planning, which are also
cf concern to science educatof}% These two fields rrevide

impor tant evidence for each othere

Three categories of . input from cecgnitive psycholocy

sugygest how cogniiive psychology can impact on the science

BN —
of science education. Firsts well-documented findings from

cognitive psycholoqy are useful for science educatorse

10




) . Secondy, current research in cognitive psychology can impact
on sclence curriculum developmente Third, certain preblems
in cognitive psycholegy could, if resolved, greatly enhance

the science of science educatione.

Kell Docunented Eindings Erom Lognitive Esychelogy b

4 N
Many weill-documented findings in cegnitive psychology

are of great interest to curriculum develcpers and teacher

educators. One advance concerns the *'limitations on human
processing capacityes In 1956, Miller suggested that humnans
are able to process about seven things simulteneous, refer:\
ring to “the magic number . seven plus or mipus tao%,
- Killer’s message was that human processing capacity is 1lim-
ited. In'*1967,,6§orge Mandler sucgested that the "-2Z% was
more accurafe than the "+2¥ and that in fact, individuals
are really likely to process only about five things at the
sane time. By 1981, Herb Simon suggested that humans could
only process about. two chunks of information at the same
time, and that this limitation apveared to be fairly univer=
sal fron one problem to another. Limitations on human pro-

cessing capacity are well established == hopefully the down-

ward trend is definitional.

Whatever the limitation of human processing capacity,

its existence is important for those designing curricule and

“ ) provadnnq tcacher educatuon materials. Science curriculum

[T e ee——. ——— P s e e

developers and teacher educators are concorned with tte 1im-

itation on human processing. capacity. During tests of

.
E}
1 SRR
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curriculum materials and teacher educeation materihls, LHS
staff freéuent]y focus the preéehtation on ohly the most
essential informations and on whether recipients can
comprehend the intended message. Trials determine how much

information overloads the processing capacity of pregrem

recipientss

Exauples of -curricula that overload the human irfcrma-
tion processing system abound. Clearly, understancing of
human proéessing capacity limitations reguires more wide-
spread attenticn. ‘We need better ways to present ccwplex
information without creating overload. Cognitive psychoiog;
ical rescarch has sugge§ted issues, such as processing ‘capa-
citys which help gevelopers streamline tte developrent pro=

CECSS o

oo

fEecent Cindings from Cocnitive Psyghology

Specification of processing procedures used by problem

solvers, a recent trend In cognitive psycholégy, has broad
j :

impl ications for a science of science educatigh. Recearch=-

ers have chéracterized how learners c0nstruc& the kncmlédge

they displaye This research tells scieﬁcc curriculum

developers and teacher educators why 1earner$ deveion alter-
f * .

native conceptions of phenomena and events and expiains why

these alternatives often persist in spite of contradictions

#
x

& pessarchers -following the_information. processing PEr”

spective develop understanding of the performance of indivi-

4




duals while they solve problems. This approach includes

cons ideration of prcblem solvers’ errorsy bebavioral

_respensess such as eye movements, and_Verﬂé1 reSponses;?§béﬁ
as ¥Ythinking aloud". —A11 of this information is cons?dered :
in explaining how the problem solver approachkes and prcceeds

. . in resolving the problem. Frequently, computer simulstions
are used to validate informatioh ﬁrocégsing hypotheses sug=-

cested by the cognitive pé&cho1ogists. This agpprcach is

e~

especially-useful for sciencé educators because it gives
considerable insight into- how learning proceeds &nd how ’//'

interventions might be viewed by the lgarner,

An important factor, when learners construct krowledce
of a situation, concerns the role of bzliefs and ekpécta-
tions. For example, in research on the ability to épntrc]
Qariab]es (Linn & Swiney, 19813 Linn, Clevent, & Pulcs, in

" press; Xarplus, Karplus, Formisano, 3 Pauls;no 1977)
researchers find that mest adolescents can scmetimeg conduct

controlled experiments but do not always conduct cortrclled /

experimentse. A controlled experiqent occurs when the veri=
eble unde; investigation is changed and 21) other veriebles
are kept the %ame'in two trials. So, adolescents micht con= = .
trol variab1As when designing an experiment to deternine .
which of two. toothpastes is the beét, but not control var.-

ables when determining which of two rods bends the most.

Linn and Swiney (1981) found that beliefs influenced

the unevenness in performance because individuals contrc1leq

-
’
N .
.
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the variables that they thought were impcrtqrt. For exam=
ple, in experiments having to do with the expansion of
springs, respondents were more 1ikely to control the weight
tung from the spring than they were to control the rnaterial

which the sprlng was made from. Frequently, subjects nndn

" cated that they didn’t think the material was xmpcrtant

because all the springs were in fact made of metal. Exani~-

nation of the errors that the students made and their expla-
nations for the errors indicated fﬁat belief in the impor-
tance of the %ariab1e explained why they controllecd vari-

ables in some situations but not in others: They contrclled

the variables they believed were important.,

Pnother important aspect of how :reasoners censtruct
knowledge is that reasoners develop alternative cchceptions
for phenomenas they do not respond céoriciously. An exanple
involves Predicting Cisplaced Volume. The task ic illus~
trated in Figure 1. In this task, subjects are teld that
there ars two metal blocks, both of which sink when inmersed
in water. They are asked to predict which of the two blocks
will di§place the most‘ liquid.when immersed in watcre A
typical student (referred to as John) responded as illus=
trated in Figure“"ij Hhat alternative concepticn is John
using to predict which of the two metal blocks will ma&e the

P

water go up higher?

. \" - s o Gn Be O Gn U 4B GBS WO GD SR G0 AF B W 8

Figure 1 about here
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John’s responses indicate that his alternative cocncep-

tion is “The greater the weight of the solid immersed in

water, the more liquid it will displace." Thus, Jobn uses

what we refer to as the weight éonception for predicting how

much water. will be displaced. For a more detailed discus~

sion of this tasks and the alternative conceptions used by
. ,

subjects, sce Linn and Pulos (1981},

Another typical student, referred to as Susany
responded as shown in Figure 2. Susan’s conception is more
conplex than John’s. Essentiallys Susan’s concepticns isi

e

“If the blocks differ in sizes then the bigger oné mekes the

water 'go up higher, and if the size of the blocks is the

sane, then the heavier oﬁe‘nges the water go up higher%,
Linn and Pulos (19%1) frequently found this response &monrg

twelve- to sixteen-year-old adolescentse.

- G s NP W AP D TP WD YD G S D &

Figure 2 about here

‘InformatiQn processing research helps us understand
that learners generate alternative concepticns ratter than
simply wrong answserse John’s 3nd Susan’s responses tc the
Predicting Displaced Volume t;sk tell us hou'tﬁey ea}h'solve
the problem. Generally, students are consistent in their

responses. - Susan and John are not just wrong ahout shet

I
(N




factors influence Predicting Displaced Volume, each hqve
consistent  alternative conceptions for Fredicting Dicplaced
Volume (alternatives to the correct answer that the chu%e
of the block is the only factor which influences hcw much’
liguid is displaced). 1f the educationai program atténpts
to remediate each of these and other common alternat%ve con-

ceptions, the instruction will be enhanced.

why do learners have alternative conceptions for

Fredicting Dispiaced Volume? 1In general, their beliefs
about weignt c0£tribute to their cerforménce? they expect
influential when it is note. HWeight is cften a

/

variable in other domainse Individuals solving Predicting

weight to be
DiSp1aced.YO]ume may use an improper ana1o§y and expect that
weigbt is %mportant in Predicting Displaced Volume bféﬁﬁse
it is also important in how far an object moves when Ait by

. .o ﬁghother object or how much one’s toe huftstwhgn somethi%g\is
dropped on ite. Thus individuals meay have be)iéfs atout the
role of deibht which they bring to'this situation. The role
of alternative conceptions and of beliefs whiéh relaté to
them deserve serious cqg;ideratfon in the planning anc eXxe<

cution of science education curricula and teacher naterialse

Is it easy to alter the students’ expectations cohcern<
ing the role of weight in Predicting Displaced Volgme? 1f
teachers gémonstrate that weight is not a variable .in this - N
situation do most students accept this sronouncerent and

move on to the next task? Evidently note. Predicting Dis~

/

ia




placed Volume 1is a topic in most science curricula in 7th
_end 6th grades yet over 50% of 12th grade respondents to
this task wuse an incorrect aiternqtive conception which

involves weight in scme respect (Linn & Pulos, 1981).

‘

We conducted an |nvest:gat|on to test the rcle of

instruction in chanonng respondents' concept ions of Prednct~ -

ing Displaced Volume. Ke demonstrated hew much water wes
displaced by solids of varying size and weicht in atout ten

minutes of instiuction for subjects who initially used a

weicht based alternative conception forﬁsg1ving Predlétin§’

Cisplaced Volume (Pulos, ge Benedictisy, Linn, Sullivan, ¢

Clement, 1952); One subject, when confronted with é~conf

»

tradiction to the weight conception respénded&_ *Hurmy the

water wegnt up the same in both the containers even though

one of thase cylinders weighs more than the other. Ycu nust

+

have gagic watere"

This subject felt that the exper inenter was bgiﬁg
tricky and using water that didn’t have the usual “preper=
ties. The subject believed that weight was an important
factor and was willing to suggest that the experimenter was
using magic water in order to defend the role of weicht in
Predicting Displaced‘Véiume. It should be ncted thzt tena-
cuous defense of erroneous ideas has ‘proved va1uab]e in the
history of science (Lakatos, 1972), so ienacuous defense cf

ideas concerning a scientific phenomena may not be totally

!nappropruate. Howevery in Predicting Dasplaced Volumes




|

«weight does not determine displacement., This view needs to

te remediated so the individual can pursve other questicns.

How can identification of alternative corcepticns and
of the role of beliefs in problem solving help develcp the
science of science education? Investigations which illus~
trate subjects’ information processing procecures provide

teachers with better insight into how their students might

pérform in° the classroome In the Predicting Disp?acéd,

Volume examwple, students’ alternative conceptions are con<

sistent. These students are not just -wrong, they ectually

kave a set of alternative concegtions and beliefs which haVe'

worked for them in many situations end which they tena=

ciously protects Susan’s conceptiony for ekébp]e, ectually

works quite well in helping'her predict how much volumre will -

te displacede OCnly when fwo solids of ecual siie but
unequal weight are presented can we discern that Susan, in

fact, has an alternative conception for Predicting Displaced

Volume. Teachers need to be aware of alternative ccencep-,

tions in order to provide instruction that focuses specifi=

cally ‘on the errors that students are 1ikely to make. Cur-

riculum developers need to incorporate attention to beliefs

and to alternative conceptions to provide effective mater i=

. alf.

\

~
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Likely Concerns of Cognitive EBsycholoay

- -

-

There are important unanswered questions in cocnitive

" psychology whichy 1f answered, could gregatly enhance science




cducation."F§r example, cognitive psychological research
could inpact on science education by -understancing the
organization of intellectual stTuétures in the mind. The
¢rganization of intellec&ua1~structures ds{ermines Fow the

individual comes to select certain information and nct cther

information in solving a problem. Cuestions includes how do

individuals dqcide which information is relevant to a prob-
1em§ and How do individuals add new kncwledge tco their
3deas§ drganizations of intellectual structu;es" cre cof
current interest to cognitive bpsychological reseercherse
Researchers are grapplin§ with these queétions apd have pilit
forth a number of Tideas which may eventuafﬁy_impact on a

ccience of science educatione.

For example: many researchers have considered the role
of experience in the organization of the inte]lect; Simon,
in studying how expert chess players ‘301V9' prebiems, ,has
rodeled how chess experts use experienée in computer sinula-

tions of chess playing. His hope was that this model might

enhance the chess playing capability. of the'computer. In ¥

attempting to build this model,s Simon has uncovered ways = of
representing the relationships among intellsctual structures
and the role of experience in the forming of these relation-

shipse However, his experiments are only a first step in

understanding this important problem.

a -

Similarlyy Piaget ﬁas grappled with the role of experi= -

ence in the development of intellectusl structures (eeyes

1
»




Piaget, 1971, 1977). Piaget sugqests that the. matufing
individual comes to abstract strategies*froé exper fence.
However Piagétﬂacknowledged that this experience was nei~
ther necessary nor sufficient for the development ‘of intel-
lectual structures. Piage& recognized the importance of
this problem and offergd some insight, but not a solution to

the difficulty.

Other abproaches to understaﬁdiﬁg of how the btrain
orgénizes information come from the study of neurcsciences
Ultimately, in order-to answer this question, collatcration
arong nsuroscientists, cognitive psycho]ogi}ts, and those
studyinc the acquisition of specific knowledce, such &s sci-
ence educatorsy will be required. Ahsuers‘té‘thiswcucstion
will offer important insight into how we conduct science
education. Clearly, science education which fosters e%fi-
cieat organization of the mind, would greatly «¢nhance pro-
ductivity and science titeracy. Thus, research .cn the
organization of the mind could ultimately have a profound \
impact on a science b{ science education.

\

SUMMARY

. Science education is a national concerni our hational
defense depends on the effectiveness of our science educa-
tion programs. Our expertise in a science of sciencce educa-

tion is a national rescurce. A threat to science ediucetion

_is a threat to our national security.
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- To maintain énq enhance.this’nationa1 resource, -we need
te enhance our empiricisn jn the science of scichce educa=-
tion by incorporating findings froem cognitive psychology
into‘our.sciencc of scien?e educatione. Finéfngg from cogni-
tive psychology hav€’impacted on science educationj current
issues in ;qgnitive psychology will ultimately enhance our
understanding of science education. We need science edqéa~
.tors concerned with findings in .cognitive psychoiogy to

incorporate thess advances into a science of science educa=

tione
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Water Glass Puzzle: John's Response

| : . Note: John was told that-all blocks sink
- and are completely covered by.water

b .
i

1. Blocks A and B are the same size. Block B weighs more than Block A.

-

t

.

10 oz.

which block will make the water go up higher?

r

~Block A

. : ; -
Block B .

. Botn the same

| 2. Block ¢ Is smaller than Block D. Block D weighs more than Block C.

15 oz,

Which block will make the water ¢ 2p higher?

Block C

|

Both the same

b
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" _Which block will make the water go up higher?

g _ :

_Block A
Block‘g

Both the same

" © .4, Block € is larger than Block D. Both blocks weigh the same.

15 oz. . 15 oz.

Which block will make the wafer go up hfgher?
Block C

' Block‘g

( Both the same ) . . . o
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| Water Glass Puzzle:
- .

Susan's Response

Note: Susan was told that<éil—ﬁidékéw§£5k
and are completely covered by water

Block A is larger than Block B. Block A is heavier than Block B.

8 oz.

Which block will make the wateér go up higher?
Black A

Block B

Both the same

6. Blocks C and D are the same size. Block C weighs more than Block D

\

8 oz.:

Which block will make the water go- up higher?

Block D

Both .the same




*

7:. Block A is larger than Block B. Both blotks weigh the same.

.

B « e

\ . Which block w%%l-make-the.watec go up higher? . . _ __, } o

4\ ( ~Block ﬁ’)

\ Block 8

Both the same

8. Block D is larger than Block C. Block ¢ weighs more than Block D.

24 oz. 12 oz.

Which block will make the water go up higher?
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