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- can improve fhe;r gcience teaching.

Abstract - ‘

donsidering today's technology, it would seem that everyone should .

have a' basic working knowledgé of science, yet many people do not learn

T

’ much about Bciehce, eﬁpeéially during their early school‘yeafs. In elemen-

tary school 1q@$ time is allocated to science than to any other school

L)

subject. More crucial than this lack of time is a lack of quality instruc-

tion.- The teacher's éuides of most packaged science curriculum materials
w . E.

may be poorly-ﬁatched with teachers' informational néeds. For example,

: - \
teacher's guides seldom inform teachers about common student preconcep-
- -

K

. -
. tions and this can result in science lessons that are not meaningful.

3

By learning to identify and deal with student pretoncéptions, teéchers"

s



PROBLEMS AND POSSIBILITIES OF SCIENCE EDUCATION

Janet Elegg1

Students Learn Little Science

Science 1s getting lost in the back-to-basics movement. Amidst

A

a growing concern that childrén_learn the basics of education--reading,
writings and arithmetic--science has become a low-priority subject to

gé taught only when there is extra time. And it seems there 1s little
. T ’ o I .
N time left in which to teach sgience, especially in elementary schools.

Accordinéé%p Stake and Easley (Note 1), less than half of the students
; >

€ 4n the United States ;eceivé even one full &ear of. quality scilence

-~ v

'g‘ - instruction during their first six years of school. Of all the major

curriculum areas, sciénce receives®thé least attention. Thus students

) ¢ . .
have™little chance to develop an interest in or a basic understanding

of science during their early sch061 yeafs. o

Yet it would seem that today's technology, the widespread use of

computers, for instance, would make a general knowledge of sclence highly

‘desirable 1f not essential. Nuclear power, pollution, genetic engineering,
: s L :
. chemical food additiyes, deplgtion of the ozone layer, and solar energy

are just a’few of the topics reported in newgpapérs, in magazines, and

on television that cangtgébe fully understood without a strong sclence

education. Political ledders must make decislons about these topics

’ without fully understanding their implications. People must vote on

issues related to these topics without really knowing what their vote

A

, - ljanet Flegg 1is the IRT editor. She would like to acknowledge
here the help and expert criticism of Charles W. Anderson and Edward L.
Smith, whose research made this-paper possible.
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could mean. Children ask thelr parents questions abéut sclence, about

. _ ‘ | |
the world they.live 1in, and cannot get-sptisfying and accurate answers.
People are naturally curioue about the "whys'" and 'hows" of the

-

world around them, and it 1s certainly not for lack of interest that

a

they do not.study science. Nonscientists snd nonengineers often enjoy

media pfesentstions that focus on science and technology (National Science
Foundation and Department of Education, Note 2). The ‘popularity of public

television science,programs like Nova and ofrdocumentaries like those re-

porting,the work of Jacques Cousteau hattests to high public interest].

t

As evidenced by the proliferation of science magazines like Omni and

A

Science 81, it is obvieus that peqgple do want to’read about science.

..J‘
Science museums draw large crowds, science- fiction movies play-to large
b .
audiences, and large numbers of people would r&qher read science fiction

than anything else, yet there is a growing, nation-wide, scieptific

illiteracy‘(NSF & Dept. of Ed. , Note 2).
. I tﬁ
Thoqg§4interested in science, some people find it alienating With

its intricate mathematical formulas and its complex terminology, science
1
sometimes seemq beyond the, sﬁope of the average persgn. So although some

people would like to ledarn about science, alienatiq}f%meﬁents them."

P .
'Why ‘do people feel alienated by science? Why don't people under-

stand science? One reason might be inadequate science ﬁ ucation,

particularly for those students who do not choose scien%i-related

careers. o o A Q

By the time they enter secondary school, stu%ents xgke already

begun to specialize by ‘tracking themselves into either cpllege preparatory

or general education courses. Those in the college prepa;

story track-

will usually be expected”to take more -sclence courses thgf those in the




general educatlon trick. Studenta who plan to pursue carcers in sclonce

\

or actence~rclated flelds will take sclence courscs, but most other .

students will avoid them because théy:are "too hard." Students not

planning careers in sciegce and engineering seidpm study éciencu beyond

.

tenth—gradé biology. 1In part, this is because many cofleges have lowered
their 'entrance requirements and few schools require~advapc¢d gclence classes

1 for graduation. The result ik that by the age of 16, many young people
e _ , .

have cut themselves off from the opportunity of takidg college-level
. sclence clasbes and the possibility of entering most science-related -
careers (NSF & Dept. of Ed., Note 2). More seriously though, they have

denied themselves a working knowledge of science.

\

It's not easy to get that working knowledge. In both junior and
. .

-senior high schools, the content of science courses ''gives extensive and
L

.almost exclusive attentioh.to preparation for future courseonF leading
.. ¥ . ,

to;profeésional careers in sgience" (NSF & Dept. of Ed.; Note 2). .The
focus ofiécience courses 1s often ﬁheoretiéa% ra;hef than pfaétical, and,
therefore, not meaningful to students who wiii not pursue sclence-related
caréers. Becaqselin‘such courses science is not méde applicable to a stu-

: 1
dent's daily life, students may choose not to study science. The National

Science Teachers Association notes,
. A

much of the secondary school science curriculum is mismatched

to the interests and needs of the majority of students in our

schools who will no% pursue scientific or technological careers.

(NSF ‘& Dept. of Ed., Note 2)

Students opting for careers not directly related to science, then,
are recelving almost no science education in elementary school and
choosing to take as few science courses as possible in secondary

school. The decreasing priority befng-given to science #nd mathematics

in secondary schools (NSF & Dept. of Ed., Note 2) may make it easy for

Tk




'them to take fow aclence couvses ov at leant severely lLimbt what couraan
N\ thuy'cnn choouse from.
Students aren't the only ones who have trouble undcrﬂénnding ﬂciﬁncc;
T thelr teachers find it difficult too. In elementary school, where children
are flrsé taught some baslc sclentilflc concepts, sclence Ls a challenging
subject to teach. Many elementary-school.teachers don't fegl they have

) the science background to meet that challenge.
’

]

Elementary School Teachers Ill-Prepared to Teach Sciengg
Teachers are themselves often dissatisfied with the ‘science educa-
tion they provide. They feel inadequately prepared to teach what they
bel;eve is an important subject. For those teachers who would rather not
teach’something than teéch it badly, that dissatisfactio; can lead to
‘ : even less class time gpent on sc%ence (Smith‘& Anderson, Note 3)i P
Teachers are as much a produét of the educational system as are
their‘students.' They, like -their stddents, received little science
instruction in-elementary school. By the time they wére in secondary
school, some of them had already decided that not only was science ;
hard subject, it was too hard for them. Therefore, they avoided science

S
“ classes. When they entered college, they may not have had the required

! ?
science and mathematics backgrodnd to take regular science classes.

Besides, the regular science classes were too detailed and. theoretical
for their needs. And even if they wanted to take more de;ailed science
classes, thelr advisors may havé advised against 1t; ﬁp they took

science classes for teachers, classe; that were ofkep neither challen-

ging nor interesting; in some respects, they were condescéhding.

Certainly, those classes did not make séience meaningful or relate it

\]

to everyday life. z\
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Hacauda few peoplo have wmade a slnceve af fore to make selonce ’
make senna to them, some toacher-educatton students don't, Find selanco
meaningful. Perhapa no one has ever explatned to them, tn a cloar and

exclelng way, the intrlcacles of photoayntheslas. 1In a confuslon of

lonsca, lights, and wmirrors, perhaps the baslc concepts of optlcs were

never fully covered, and so they find optics makes no scnsc.
In sclence classes for ngn-sclence muf%rs. the few labs provided

are often rushed through with 1ncompl§te directlons and faulty equipment.

Students do the labs to get the correct data, the "right answer," and to
. 8 ,

finish all the steps rather than to illustrate a concept or préve a Ie

-point. It is not surprising that these students approach science’

instruction in a similar manner when they become teachers. Because they
themselves don't always find scientific concepts meaningful or logical,

they cannot always teach meaningful science lessons.

Student Preconceptions Influence Learning

Children bring to school their own preconceptions, their own .
explanations of how the world works, and some of those explanations are

wrong. It's hard to shake those misconceptions, yet that is exactly .

4

‘'what meaningful science instruction does. In most science instruction,

Fhe teacher presents facts and theories and assumes his or her students
will accept them. What is not taken into account is the fact that children
already han theories that they believe. 1If there is room for more than
one 1nterpretat%on of the data, children will keep their own interpre-

tation. If sciénce instruction contradicts their theories, they may

disregard, the instruction or not understand it. Children tend to stick

theories, and their migconceptions may prevent them from

ing what they are taught. Their thé%ries, if not dealt with,
{

~

under stand
may render sciepce lessons meaningless.
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Light 1a Nat .udat a Conditfon -

.

4

fmbeh and Andarson (Nota 4) veport, oy example, a common mincon-

caoptlon ehtldren have about Ltght that can (nterfore with thalr learning.

\
va Light travels Lo a atralght Flye through apace and han predfetable
propartiea. Peoplo goee objacty boecauae Light travelas from a Light
gourca (n.g..“cho aun), hita an object, bounces off {t, and travoels to
a
thelr cycs (seo Plgure L).
" \\\.‘EII')
Object
Being
“ Seen

~

Figure 1. How light enables people to see things: Light reflects off
objects and travels to people's eyes.

P«'

But most children think of light as a condition ratﬁer than as
something that can ;ravel. They think light shines on' things and:brightens
them so they can be seen (Smith & Anderson, Note 4). They think of
seeing as the direct pe;ception of an object rather than as the perception

, of light bouncing off that object (see Fig. 2). Therefore, when children
are taught about optics (the study of light and of how such things as
lenses, prisms, and mirrors work) and asked to predict what light will
do, they, get confused. Beé;;se they've already decided that light is a
cdnéition, opticé makes no sense to them. As David Hawkins (Note 5)

1

says, they don't have anything in their mental files on it. It is

'

1




Figure 2. Common misconception about light and sight: Light brightens
objects 8o people ¢an see them.

4

nonsense to them. Effective science instruction must begin with what
children dlready know, or they will have no context in which to under-

stand that instruction.

Air Is Not Just Enmpty Space

Aﬁo;hervmisconception that many students cling to, according to
Hawkins (Note 5) is the concept that ai& 1s Just empty spacei Hawkins
reported that this misconception caused considerable gpnfusion for some
students during a lesson on how barometers and siphons workl (Barométers
and siphons work on the pr;ncipal that alr can exert pressure on a
liquid in a tube and push that liduid through the tube. A barometer
is used to predict the weather by measuring air Pressure, Siphons
are used to move a l1iquid from one place to another; siphons‘are often
used- to empty the water out of above-ground pools, for 1ns;ance.)

Because the children didn't believe in air as a tangible substance, they

could not possibly understand the explanation that air can exert pressure

on a liquid and thus make that liquid move tﬁrough a tube. Because théy

i2
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didn t believe in the arrows shown in Figure 3, they couldn't believe the

1
' .

i explanation. No maﬁier-how many ‘times a teacher repeats that explanatien,

C':( )
s e
2. ) "Vacuum
, (no air |
& ]pressure) "
K Alr Alr
1 . .
" *  pressure § 7 Pressure

3

- ' / k (/7
el
1

“1 &

» ! .

-rl / \\ /‘/", / /
Mercury‘ 7 f’
N gt O

Barometer

% Filgure 3. How alr pressure makes a barometer work. v

the students will not understand it because it doesn't make sense to

them. The teacher feels frustrated because (s)he cannot successfully

A

&
teach the lesson. #

The children end up thinking themselves dumb because they can't
understand barometers and siphons, ‘although they are really quite capable
of understanding them. Effective instruction would start with the
studengé' misconceptions; it would begin by proving to the students that

A

air 1s a tangible substance that does exert pressure.

Use of Textbooks and Packaged Curriculum Materials

In an effort to help teachers deal with the complexities of science
L4
instruction, including student preconceptions, science educators have

written science textbooks and\packaged curricula. These materials
%
attempt to provide teachers with everything they need to teach science

effectively, including backgoun Linforma;ion about topics the teacher

\\:/’

&) 1)
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might not previously sgtudied.

In grgéeg,fouf through six, 90% of the teachers depend on prepared
sclence prégsz;vmaterials (Weiss, N;te 6). In some school districts,
specific packaged curricullm materials are mandated. These materials
provide carefully laid out science curricula and 1egson plans. The
materials give ;nstructiogs for doing e;periments and sometimes include
the necessary equipmeﬁt and supplies. Logically sequenced and complete
curricula in themselves, packaéed materials are an extremely useful
tool. Chief among the.reasons for which they are helpful, even egsential,
is time.

If there 1s little time to teach sclence, there 1is even less time
to plan science lessons. Yet science activities, with their eyedroppers

4
and mirrors, their bean plants and petri dishes, re&ﬁ??é more careful
planning than most other lessons. Teachers don't have time %to do the
kind of planning they know is needed, so they rely on packaged curriculum
materials to do much of that planning for them. i

The activity-based programs so widely advocated by s%}ence educators
keep students busy. To keep track of those busy students and keep them
on-task, the teacher must be even busier. (S)helmust see that enough
materials are available, distribute them, tell-students what to do,
answer questions, monitor use of the materials, make sure that students
complete a351gnmgnts, and give directions for and monitor clean-up.

Under such circumstances, reliance on packaged materials becomes a neces-
sity. Any examination of elementary-school science education must there-

fore begin with an examination of packaged curriculum materials and how

they are used.

»a

-



How Are Prograin Materials Used?

)

~

Program materials bring structure and order to a compléx subject,

and -teachers ahd/or administrators, somgtimes with‘the ﬁelp q? parents;
may choose from a number of good programs the ome they feel‘ié most
abpropriate. A popular program is the Science Curriculugflmprovement
. S

Study (SCIS), an activity—basea program including a'kitﬁﬁith materials
for a sequence of '"hands-on" activiti;s, a teachers' guide, and student
manuals in which hypothéses, observations, and conclusions are recor&ed.

N
With. SCIS as one of their objects of study, two researchers working
jointly with the Institute for Reseath'on Teaching and the Science
and Mathematics Teaching Center at Mi;higan State University, Edward
Smith and Charles Anderson, have spent a great deal of time observing
sclence instruction in elementary schools. Their reports of competent

' teachers using SCIS detail how program materials are actually used in

classrooms.

One Classroom as an Example

Sendelbach and Smith (Note 7) observed a sixth-grade classroom in
which 32 students were taught a five-week SCIS unit on the oxygen-carbon
dioxide cycle (for a comple%e report of this case study, see Smith &
Anderson, Note 3; Sendelbach & Smith, Note 7). The unit was designed
to teach students about the exchange of gases between plants and animals
(see Fig. 4). Plants take in carbon dioxide and give off oxygen in the
light. In the dark, they take in oxygen and give off carbon dioxide.

Animals always take in oxygen and give off carbon dioxide.

The children did a series of experiments designed to illustrate

this concept.

The first experiment was preparation for the second; when the

children blew through a tube that had been placed in a container of

ERIC | <&




Figure 4. Gas exchange in plants and animals
diqﬁide cycle). (This diagram was ﬁﬁinted in the teacher's guide.)

Carbon
Dioxide

(the oxygen-carbon

11

bromthymol blue (BTB) and water, bubbling their breath through the liquid,
. ~ . ‘

they saw that the liquid changed color.

’

changes color when 1t reacts with carbon dioxide.

indicator.

it reacts with a specific substance;

substance by changing color.

(BTB 1is a4 chemical

The teacher explained that BTB

A chemical indicator is a chemical that changes colér when

when 1t changes color.)

To test that idea,

L3

the teacher had her students do an experiment

it indicates the presence of that

BTB indicates the presence of carbon dioxide

designed by SCIS to show that it was indeed carbon dioxide that caused

the color change and not some other gas,

like oxygen.

Using the experimental set-up shown in Figure 5, the teacher

Water & BTB
(In Cup)

Figure 5.

Plastic Tube

Plastic Bag

Set-up for soda-water experiment.

Soda Water & BTB
(In Bottle)

M



N ~

put BTB in the cup.. (Because she|f9uhd thé}directions in the teacher's?

v . . < -3 PR o
guide unclear, she was not aware that the soda water should also have

:
/’ ‘ 5o

BTB and water solutign_in the cup

2  had BTB added to it.) ‘.

The students observed tQCt the(
changed color. This was becauée carbon dioxide (the bubbles‘}n the’soda‘
water) escaped from the sodé water, passed through the tube, and bubble&
up throdgh the 1iquid in the cup.” It had to be carbon dioxide\that
caused the color change Hecéuse no other gas c0ula enter the system,
but not ail of thé studeﬁts’were convipnced. Some ef tﬁem still hgld
the'miéconception thaF oxygen is needed to change BfB bac% to blue ?fter

t

5 it has reacted with carbob dioxide. But to actually change BTB back

: /
to blue, the carbon dioxide myst be removed (see Fig. 6).

BTB 1is BTB is
Blue \ /, Blue \
Add Remoé ; ™
Add ) Add
Oxveen Carbon Carbon @ lﬁg&bbn
ye Dioxide Dioxide Dioxide
BTB BTB '
Changes 1 Changes
Color i# Color |

Student Misconception

Figure 6.

Student misconception versus reality of BTB color changes.

What Réally Happens

The final experiment done by the children illugigated the effects
¥

(a small green plant that

grows in water).

in the light and some in the dark Tsee Fig. 7).

of light on the gases plants and animals use and produce.

In separate

vials containing water and BTB, the children put snails and Anacharis

They put some of the vials
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Anacharis Snail o Snail Anacharis

(All four test tubes contain water and BT?.)

P
i

Figure 7. Expeddment showing effects éﬁ light on gas production.
' \ b : ) 0
. '“\\
BTB-yhanged color in the test tubes with snails in them and in the
. ™ - . -

test tube of Anacharis kept in the dark. "It stayed blue in the test

\

tube of Anacharis kept in the light.

0

| From this experiment, the students saw that animalsléive of f
carbon dioxide in light or dark and that green plants give off'oxygen

inelight and carbon dioxide in the dark. (The fact that plants are

Lt
L]

always respiring and thus producing some carbon dioxide at all fimes,
) .

even in the light', was not covered in this unit.) » . ®
\Y)
. & T ,
Did the Stulents Understand the Material7

_— - . )

Muf?ﬁple choiqe/tests given to the students after the unit showed

. ’/ ’
that most. ef“fﬁem didn't understand the p@?ﬁrial Report Smith and -
‘ I NANCANN
<4

Anderson (Note 3): M

L IR .
}n ’ K v :\;\\‘,//

Four students gave  evidence of believing that animals Y

always give off oxygen, seven students gave evidénce of A

believing that plants always give off oxygen, three of

those students gave evidence of believing both propositions,

four students gave evidence of believing that oxygen changes

the color of bromthymol blue, and two stiidents gave evidence

of belleving all three propositions. ....0Only three students

gave evidence of holding the correct conception of gas

exchange in plants. Only three students gave evidence of

holding the correct conception of the effects of oxygen and

carbon dioxide on bromthymol blue. No student held correct

conceptions of both.

S

1
-
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jactivities.

14

¢ - : - i1

. - . -"T‘ “ ? . ] 'a
A good teacher using a good program was not ab to impart to
her s%udents an understanding of the oxygen-carbon dioxide cycle. \i

B
. " - .

wqat went wrong?
. First, because of ppoblems with the teacher's planning procedure

and unclear preéentations in the teacher's gulde, report Smith and

‘Andenson (Note 3), she didn't understadd the logic behind two of the

) 4
]

She -didn't realize that the soda-water experiment was intended
s

not only to show that the BTB and water solution changed. color when

<

carbon dioxide was bubbled through it, but to show that the soda water

"and BTB solution changed color when carbon dioxide escaped from {it. e

he key poinf was that the soda water and BTB solution changed color i
ecause carbon dioxide left it, not because oxygen entered it.
Because the teacher missed this point, she did not put BTB in the soda

Ler- the experiment was 1ncomplete On one occasion she stated that
i .

j., )
oxXygen turns yellow BTB b?ck to blue, which is false. o .

Also, she didn't. udﬂerstand that green plants can only produce
G&ygen in the light. Therefore, in the experiment using Anacharis" and
snails, she expected no difference in color between vials 1in the dark

’

and vials in the light. Poor printing of the diagram in Figure 4

contributed to this misunderstanding. The arrow showing that plants

use oxygen in the dark was unclear, and the teacher thought it was a *
printing error.

The subtle modifications the teacher made in experimental pro- (

cedure deemphasized or altered the program's meaning. Thus the students (

did not learn the material well.

1 %
4 w2z
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Prognem!ﬁ;terial Difficulties _ . ) R

r

According to AndersoP'and Smith (Note 8), there are three aspects
' r
of the SCIS program, which are also ce\\bn\to other programs, that may
\“
\\create teaching difficulties:’ complexity, fragility, and unclear learning
" 4*

. ~— (

outcomes. — }

~

Complexity. Elementary school classrooms in which science lessons.
are going on are complex settings in and of themselves. If 30 students

are doing an experiment, there's a lot happening and a lot that the

teacher must keep track of. According to the SCIS time line, at any

one time during the school year, there may be several program ac&h

A\
in progress at once. The students might be growing beah plan;

t //l 2 e ;
/1// '4 24 P
JI' ,{\/ "

iy
}9’\«

experiment while finishing up graphs for gnothern And ;h ;
i \ ”"

routines a teacher needs to set up to sustain SCI% activities

ki /»/:{7 \
Compli"-'-[’ EEN
i L

) cated. The soda-water experiment was indeed complex, .so cqmplé§ that
-~ N J‘,?‘,‘Z/’ .

the teacher had trouble understanding the directions. »
~ _ Fragillty. SCIS cannot withstand much abuse or statici” If some- e

L

thing goes wrong, it breaks down. At times, it presents an information

overload to teachers and students, more information at once than they
can handle. And there f5 so much going on during the program activities

: Q
that classroom management problems arise. If a shipment of living
. i3 'X
organism§ (e.g:, plants, snails) 1s late or if the organisms die, the
class gets beghind on everything, and the teacher may have to omit qﬁ&

something later on, sometimes something that is crucial to the concept
being taught. Seemingly minor deviations from the program materials
can have major consequences for student learning.

Because the teacher did not put BTB in the soda water, her students
[

were not able to observe the color change that should have resulted from

. . f\&
Q :

Y
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, . . R

e - .~ o ) ' T - % .'"
the carbon dioxide leaving the soda water.(the BTB should have gradually

. »
returned to its blue color as the' amon%& f'carbon dioxide in the soda

¢ -,r! L
water decreased). “As a result of tﬁ&s, some students Gere not convinced
. y - . ('
P o f o N
“that carbon dioxide made the BTB change colot; .they still thought oxygen

. Y
— . KR
. /

did -it.

N

Unclear learning outcomes. It is not always clear from the SCIS

materials what each-activity's projected learning outcomes are. Isolated
statements tucked away in the 'Background Information" section of the

- )
teacher's guide are not enough o make learning outcomes and relationships

between activities clear, especially considering the fact that many busy
. ' ' )
teachers don'tr read the "Background Information" sections. .
¥ o <

The only stated objective for the oxygen-carbon dioxide cycle un}t

was a vague one: - Students were éupposed to learn about the exchange of
o .

gases betweeﬁAR,ants and animals, The smaller, more specific épals weré

not clearly staged in the teacher's guide,'goals 1ike having the
. : y - B ”
students realize that BTB changes color when it reacts with carbon dioxide.
. 3
Without achieving this and other supporting goals, students could not

fully understand the unit.

. ' 3
‘Possible Program Material Improvements

Smbﬁ? and Anderson sugpect the main problem with packaged cur-

riculum materials to be a "failure of communication" between the

& teacher's guide and the teacher. The teacher's guide is poorly
coordinated with real-life classroom planning. It doesn't allow for
management problems or late supply shipments. Leerning outcomes afe not
tlearly and explicitly stated, and the contributions of each activity
toward achieving these outcomes are seldom made explicit. The two
researchers believe that alterations in both the teacher's guide and

in actual planning procedures could make science instruction more

, ‘ s
~
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- ' ’ @
meaninéful. . - . .
o o JSﬁith and Anderson have_beg&n informally developing alternate
< véﬁgigns'of teachers' guides. Some possibilities they consider promising

are the construction of chépter overvieys that include information about
student preconceptions and desired learning, presentation of long
éequences of‘activities as groups of shorter sequences, and the use

of a three-column format in which information about procedures, likely

»

‘ results, and student learning is juxtaposed.
. Information about student pPreconceptions 1§.espec1af&y important.

' Student preconceptions are a pivotal factor in science education;
recognizing and dealing with student Preconceptions may be the key to

-

effective science instruction.

What can a Teacher Do?

Identify Student Misconceptions

.’Teachers need to understand thei% students' misconceptions and correct
the&, or .thHe students will never really understand the material. While )
';eacher's guldes can give help with this, they cannot provide all the

answers; Each teacher must deal with his/her students, who may have
their own unique misconceptions. TFirst a teacher must identify student

%hisconceptions.

Teacher collaboration. Hawking (Note 5) said that teacher collabora-

tion 1s an effective strategy for finding out what students' misconceptions
are. An intervening, active participant (the teacher) and a relatively
passive observef (a researcher or a fellow teacher) can do it. The
observer watches students closely and tries to determine what their
misconceptiong are. On the basis of observations by the participant

and the observer, the participant can then try teaching differently.

P,q
s . A~




The observer watches the effects of any change and discusdes them with.

the teacher.

Student writing. Another Qay teachers can. identify student mis-
- {

conceptions is through student writing. Most student/wgpiting during

science lessons 1s merely used for accountability. By writing a series
of definitions, students prove they have read the aséi ed chapter (or

at least the definitions). By writing“humber% In the/blanks and answering

) ¢
a few questions, students-prove they have d?né/zﬁz/ agssigned experiment.

\

But writing can also be used as a means of cdmmunication between studert
\

- f w—
¥ and teacher. A -

»

A teacher can learn a great geal%ébout student misconceptions

e
: -

by asking students 66 explain,. in wfifiﬁg, a scientific concept or
natural phenomenon. Every';hild must contribute; no one can be over-
looked. And unldke fast—paaéh discu§sions, writiﬁg can be reflected v
on and thqught about by the gégcher. Qriting can thus serve as a
record of student misconceptions. Once a teacher knows what those mis:
conceptions are (s)he can try to correct them.

Writing can also stimulate student thinking. Asking students
to explain what they have learned in writing forces them to think '
about what they have learned. To explain to the teacher in Yriting what
they have learned, they must first think about the material ;ﬁd explain
it to themselves. Such writing can also serve as a check whereby the
teacher can see 1f the students really havg learned the material.

Smith and Anderson will, in 1981, begin a study of writing in
science to examine how writing may be used in scilence instruction and
the éffects on instruction that writiné may have (Smith & Anderson, Note 9).

Said the two researchers, '"We are especially interested in the potential

use of writing tasks to enhance students' conceptual learning in science."

4
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Better teach;r's gqides. Writiné in sciefice and teaéher collabonaf'
tion can be helpful, Eut both agspme that.thg teacher understaﬁds the
scientific concepts (s}he is.teaching. However, teachers, like all
adults, may have the same miscohceptions their ‘students do. If ééience
curriculum materials are well-written, teachers hay be able to correct
M their own misconceptigns as they use the materials.

Smith and Anderson (Note 3; Note 4) suggest that clearer, more
informative teachers' guildes .could help teachers correct theAr-miscon-
ceptions, but such guides will take considerable time to research,
write, and produce. In the meantime, Smith and Anderson (Néte 4)

v suggest three things teachers can do to improve their sclence instruc-—
tion bésed.on the strategies of successful science teachers they ﬂave

e
observed. a

Focus on Conceptual Change

The first of these 1s to focus off conceptual change. By paying

‘close attention: to what students' preconceptions are and éontrasting
those with the conceptions being taught, teachers can improve both their

' students' and their own underséZBding ofi why certain experiments are
dong or, certain chapters are read. This may also help teachers to better
understand their own conceptual difficulties. A teacher might, for
instance, stress those concepts students may have incorrect preconceptions
about by contrasting %pat the experiments show with what people might

\X think would happen. Asking studenés to predict what will happen in an

experiment 1is an excellent way of finding out what student preconceptions
are.

Take, for example, the soda water and BTB experiment discussed

earlier. 1In this experiment, BTB gets bluer when carbon dioxide escapes, !

-~
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‘In the form of bubbles, from the BTB and soda water solutiont This 1s

cleaf evidence against the misconception held by many students that

Ay

okygeh changes BTB back to blue. But'students may not see this as clear

evidence against their preconception unless they first commit themselves
¥ -

to .that preconception. And the teacher cannot stress the experimental

~ results as evidence against a student preconception unless (s)he knows

»

that some of his/her students have that preconception.

Use Student Learning to Connéct Lessons

L3

Smith and Anderson also suggest that teachers use student learning

rather than procedures to connect.lessons. Rather than regarding

-

N

lessons as a sequence of activities to be done or pages to be read,

teachefs might construct a '"story line" based on student learning.

‘Each activity or reading assignment adds an idea or fact to a develop-

ing conceptual framework. Stressing the development of that conceptual o
framework instead of the procé&ures by which it 1is developed may make
sclence instfuction more meaningful.

In the series of experlments presented earlier in this paper, for
example, the story line focusses on carbon dioxide. BTB indicates its presence,
plants and Tnimals produceé it in the dark, animals produce it in the light,
and plants use 1t in the light. 1If a teagher has a firm grasp of the

story line, (s)he can make informed judgments on lesson details and

procedures. //

Use Integrating Frames

! The two researchers' third suggestion 1s closely linked to their

T

second. In order to construct a ''story line," each lesson must have

what Smith and Anderson call an "integrating frame." Procedures,

- -

—~—— vy
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fesults, and learning ought to make up an integrated whole. Making
this difficult is the fact that teachers' guldes may separate' statements

about procedures, results, and learning, even though they pertain
. : ¢

to the same experiment or activity. Thus, teachers must work hard to

see how everything fits together and to convey that integrated whole

2

to their studeﬁts. Bysstressing those parts of each lesson that link
them to other lessons, the integrating frames, a teacher can integrate
1nstruction.“ The question, "What does the BTB and soda water experiment
tell us about carbon dloxide?" helps students to connect that experiment

“logically with other experiments they've done concerning carbon dioxide.

Effective science 1nstruct16n ig difficult;® but it is not &
impossible. And it is worth striving for. Most children enjoy science,
and they are anxious to learn about it. They need good science education
because science increasingly touches their lives. If they have at

least a basic understanding of science, they will have no need to feel
[}
afraid of or threatened by it. e
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