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ABSTRACT .

Research has’ established that studﬁnts generally
~passess conceptions relevant to curricular topics ‘before they begin
to study them and that these preconceptions often persist desplte
‘instruction on scientific theories which contradict them.
“Discrepancies between students' post -instructien canseFtians and . the
scientific theories as taught often represent 1mpartant fa1lufes of
instruction. The existence and persistence of students'
'pre:anaeptigns implies that learning involves not only the
‘ECQULSltlﬂﬂ or formation of new concepts, but also modification of
eg1st1ng concepts or their replacement with appropriate alternatives,
i.e., conceptual change. Reperted are study results that adnalyzed
changes in fifth-grade students'’ ‘conceptions that did (and did not)
occur as thev experienced lnstructlan designed to change their
can:eptians of how. green plants get their food. It is noted that the
instruction was based on chapters 3-6 of the Rand Hcﬂally 5CIIS

" "Communities" unit. The strategy for the instruction sequence of the
"Communities"” unit is outlinéd in detail and a discussion of four
ways (empirical ambiguity; ambiguity in d1seaufse. attacking the
wrong preconception; and loose framing of- 1mP§ftant issues) in which

- teaching for conceptual change can go wrong is Presenteé.
Implications for analysis and interpretation of empirical studies of
cnnceptual change are alsa discussed (JMK) :
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As the present seminar and the volume of papers attest, it is now well estabiishe’)ﬂ

that students.gen erally possess conceptions relevant to curricular topics before-they

.o bégin;tudyeéf them. It is further clear that such preconceptions often persist despite
instruction on scientific theériés which contradict them. The disgrgpahcies bet‘wé’n the
students' post instruction conceptions and the scientific theories as taught often
represent important failures of _instrucfia'n_ '
Viennot (1§f7§) among others has arggéd that students' preconceptions persist in part
" because they have worked so well in the everydaéy world of students. That simiiar ideas

have sametimes helcj sway among scientists for centuries is testirﬁony to their|

compatible with much of the student's expenence of instruction. Thus, pree&nce;:tioﬁs
) ) o ) /

are active competitors with scientific alternat;ves as organizing structurés/far students

e:-:penence of instruction as well as for their. e»eryday exper;em;e; ;/

Thé ﬂxxstem;e and persistence of students preconceptions i: nphes that learmng

involves not sxmply the acquisition or iarmatmn of new co ncepts. It mvolves the

-

: madjiu:atmn of emstmg concepls or fheu‘

replacement with appropriate alternatives,
i.e., canceptual change (Toulmin, 1972). . ' 7 ' /

- Several researchers have proposed madels of conceptual change. IF‘osrner, Strike,
Hewson and Gertzog (1982) propose four condxtmns that *ﬁust he fulfxlled xf

aciommodatmn* is l,lkely to occur, that is, if students are to make changes in their
/ (

“*Both Posner, et al., (ISSZ) and Nussbaum and Novick (1982a,b} use the term
accommcdation to refer to in stances where students central conceptions undergo c;hange
in contrast to instances in which new information is incorporated with existing
conceptions with little change (assimilation). .
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centrail concepts"
1) There must be dissatisfaction with existing conceptions.,
“2) A new conception must be intelligible.

3) A new conception rnust-be initially plauéib_le.

Nussbaumn and Novick (1*33_2 a,b) describe a general teaching stéatégy for use where
significant accommodation is expected. o : |
1. Initiai ex’peosure éf 5mdénts‘ a;}temati've conceptions through their responses to
an "exposing event;" | | |
2. Sharpéﬁiﬁg student awareness of their own and other students' alternative
Qoncgpéicns,'tl‘:\rough disc:ussién and- debate;
3. (;;reatiﬁ'g conceptual a:cnfiii:t by having the students attempt to explain a
discrep;ant event; ‘ ; ;
4. Eﬁ:ouraging and guiding \c:agﬁiﬁvé accommodation énd thé invention of a new

conceptual model consistént with the accepted scientific conception.

In one study Nussbaum and Novick (1982b) applied their model 1o the development
and assessment of an instructional strategy designed to promote specific changes in sixth -

grade students' conceptions of the nature of gaseéi The authors reported that the

~ strategy was "highly efficient iﬁtéreaﬁng cognitive challenge and motivation for

learning,' but "did not lead to the desired total conceptual change in all students." In
fact only one of the seventeen students was’ reported to have adopted the intended goal
canzeptian. ‘The others ended up with one of five éanf:éptians the iﬁvéstigatars

identified as intermediate bEFtWEFﬁ the students' original preconception arid the goal

conception. Another five.students progressed as far as the last intermediate conception.

The remaining students, about two-thirds, completed instructicn with several .
misconceptions. The major conclusion drawn by the authors was "that a major

4) " A new Eanﬁépﬁcn should appear fruitful (lead to new-insights and discoveries) ——-——
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conceptual chan e does not m;t:ur, even wnh good ;nstructmﬁ, ‘through’ revalutmn but s

by nature an évalu’tionary process." . 7 .=

~The present paper rgpa%ts résult; of a study in which we aﬁ.aly;eé the changes that
did (and did not) acﬁﬁr in the c:ém:eptians c)i aélass of fifthagradé s.trgdenés.as they -
expenenﬂed mstru(:tmﬁ daxgned to change the;r conceptm s of how -grééﬁ_ plant,s get .
their food. The mstmctmn was based on Chapters 3-6 of the Rand McNally SCIIS
Carﬁmumtles unit (Knott, Lawsgn, Karplus, Thier and Montgomery, 1978). This" sequem:e

incorporates elements of the cangéptual change models summarized above. -

The impact of instrur:tion on students in our study was similar to that reported by

Eal

A (Rath Smith and Anderson, 1983). S;nce the gaal of the instruction was by=ancl-lafge

unfulfilled, the focus of our analysis has been on what went wrang;

While our results are consistent with those rgpcrted by Nussbaum and Novick
(1983b), there seeﬁied to be another story in our study, one conc¢erned with ways that
iﬁsir’ﬁr:tiaﬁ séeméd to go wrong where it fﬂighrt have been otherwise. Amﬂng thése were:

= Students were often uncertain about empirical generahzatmns 1rnportant to the
strategy. - : . . i ’

- Cammunication was sometimes hampered by systematic sources of ambiguities.

- Some 1rnpor1‘:ant issues were not adequately framed through use of appropriate
questions. _ &

While these problems may not have occurred in Nussbaum and Novick's study, it is

important to consider carefully the adéquaéy of instruction and ofthe partiéular

instructional s:.categy:in making judgments about a generic strategy and its theoretical

base.

- A detailed repart of our analysis is beyond the f this paper. Rather we will

present here a d;s-:ussmﬁ of snme ways teachmg for canceptua] change can-go wron g

5]



with illustrat. oms o " snudy, and discuss iheir i,mpli:a’tis:ﬂs for analysis and

interpretatiuof 51 em i} stodiss of conce ual ¢ ngé; As background, a description of

' the strategy fcr © "2 instructismal sequence is presented next.
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Instructional Strategy

In the ‘intr ,Louion we asserted that the sequence froin the SCIIS Communities Unit
was a conceptual cyange strategy. Thxs assertion is based in part on the authors' explicit

definition and d;sc:us n of the SCIIS Lgarmng Cycle but also on our interpretation of

the specific c:hmg suggestions in the Communiti

s teacher guide (Kn@tt et al., 1978).

&

The SCIIS Learning Cycle

At’:ééfding,t@ the teacher's guide, the 5CIIS curriculum is organized around a

“learniﬁg cycle" t:arfsisting of three phases: exploration, invention and discovery.

Exglaratlon is tharactenzed as involving students in "spontaﬁeous hand!mg aﬁd

maténa]s have been t;areiully zhasen to prowde a background for certain questions the

children have not asked before." It furthar’ natés, "During explaraﬂon activities you have

and understandings" (Ibid, p. xviii). This impl!esxthat the exPIOFatian phasg includes

something lilse the "exposing e‘vent?s.“ The guideis desériptiaﬁ of the Lear’ﬁing Cycle does
not-mentisn anytﬁing- like Nussbaum-and Novick's “disérééiaﬁ‘t events", but as will be seen »
below, the strategy for the sequence undér investigation does include and make use of
such events. . A _

The second ph_;se of t:he S(ZII;Ei Learningr(‘;ycle is in\;entian; “This is the introduction
by the tea(:her .of a new t:am:Ept as an alternanve to the "precom:eptmns" which hrmt

students "spontaneous learmng." The teacher 'wul have to provide definitions and terms

as new concepts arise. This cansntutes the "mventmn."'(k’.nntt et al., 19?3, p- x\"u)

‘Further insight into the intended nature of the "invention" is provided in an article
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not viewed asslikely tS be “able to invent the modern sz;entifxc c:em:eptsm“ thus "it is

' ne:essarjr far the teachers to intﬁ;duc:e them" (Ibid, p. 47). The authors related this idea

O
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of observations. Thomas Khun's classic articulation of this view (1962) was cited in the

article. o . . o -

Following the invention of a new concept comes the discovery stage. Itis .

important to note tha-:l;“it is not the new concept which is dis::avéred, that is what is-
invented (i.e., presented by the teacher). Rather, this stage consists of ",.,ér:tivities in
which a child finds a new :,épplézation of a concept through experience" ﬁiinott,ét al.,
1-3:?‘3, P- xviii). . The students have opportunities "to discover tﬁat new obsarvations can

also be interpreted by using (the new) concept" (Atkin and Karplus, 1962, p. 47). Such

~ activities "strengthen the concept and expand its meaning" (!{nctf, et al., 1978, p. xviii).

They are "essential, if a concebt is to be used with increasing ref;nement and precision"

(Atkin and Karplus, 1962, p. 47).

!

The Instmc;no—xal Sequence: SCIIS Chapters 3— ' S

‘The SLHS Léarﬁmg Cycle is desxgned to move students from preconceptions to
new, more scientific concepts and can, therefore, be characterized as a conceptual - -

change strategy. Further, the four-chapter sequence on which ouf research has faﬁ;used

—
includes elemenh 51mxlar m the. e.exposing and dxs::rgpant events e"ﬂphasxged by Nussbaum

and '\Inu;k{ﬂSSZa b)

The mstruc‘:tmnal sequence consists uf four chapters (3-6) from the SCIIS

: i;gfgfnuniﬁes unit and represents about six weeks of instruction with about three lessons

per week. The strategy for the unit is represented in Table 1 as a series of questions,

anticipa ; ed empxncal results of student mvestxgatmns, and teacher presentatmns. The

t



TABLE 1 o L ]
SUMARY OF THE STRATEGY FOR CIAPTERS 3-6 OF SCIIS COMMNITIES . - '

Anticipatad , o Strategy Elements . ) Intende%/ﬂéw
:ecﬂnceptians | ' Framing Quasticn Empirlcal Results Freseuted Infarmatlan- Cﬂncept ansg ?

Explaratinn Phase of the
Learning Cyele

Chdpter 3 Lankmg at Seeds

[t

. What is inside
seeds! v DBean seeds Have a small,

plant-like -part inside |

tuo large halves and @ The small plant-1ike : _

skin, | : patt is the "enbryo," Seeds have a small,
\ . © the two halves are  plant-like part--

"cotyledons," the embryo--and
| 1Ezgéf part(s)the -

cotyledons: S

2. What do theembryo |
and cotyleden do .~
for the groving
plant? .

%@@;%@@ﬁﬁk@mﬂ&ﬁ

Plants take in their | - .
food from the soil, 3. Which-seed parts- . - L
develop and grow? | T
- , What do you think .
Water, fertilizer - each part of the  Bean embryos develop
and ninerals are food seed does? * into plants only vhen
for plants, - | attached to a cotyledon.
4. Why did the to;yleéaﬁ | _ ,
and embryo Tive when - ; o . r
]Bined? . o
The embryo develops
into a new plant,
| : 1 The enbryo dévelops
6. What. do the embryo and - : ~into a plant only i;E
. : cotyledon-do for the ' : T : it 15 attached.to a
‘ plant? . T . . cotyledon. The
- 'z : | cotyledon pravidés
food Enr thE Embfyn -

5.-Why didn't the Eutyledan -
or embryo grov alone?




TABLE 1 (Continued) -
SINMARY OF TIE STRATEGY. FOR CHAVTERS 36 OF SCI1S. COMUNITIES

A_f‘ﬂt_ié'ipﬂt&d _ Stratégy E]ements - o _tﬁteﬂdgdzﬂgg
Preconceptions Framlng Qgestiﬂn ‘Enpirical Results  -Presented Information Concéptions

- | chgp;g;_éi Do, Plants Need Light to Grow?

Plants need Mgt to ~ :
lve.and grow, 7. Do plants need light
7 | ‘ to grow! When? ; ,
‘ i | Grass hegins to grow in . a )
. the dark and-in light. L ’
8. Why are the plants , T o .
In the dark grow- - = - *%MFDMQHE
tng o well? grov. -

- 9. Which plants vill N
~ survive batter? , . . Plants get food ,
~ hy? ' “ from their seeds

Grass continues to prov i,
Bt - (eotyledons)

10, What does light do in the light but not in
for plants? - the dark.

11, Why did the plants =~ - S o - Plants do need
grov in the. dark : | light to continue
for awhile? to grov.

12, Where do plants
get the food they
need?

13, Why did the plants

~in the dark die and. — _ | : : ;
those in the light . o o Plants do not get

‘live vhen bothhad . food from the soil, -
the same-sail?= T | e

Invention Phase af the
Learning Cycle

, 14, Can you explain the ~ =~ - Plants use energy . | o,
“. - tesults using the dea - from light to make - Plants use light to
' " of photosynthesis?  *  food fronmwater °  make food out of
| | ' and alr, - . water and air,




Anticipated

o 12

SINMARY OF THE STRATEGY FOR CHERTERS 3-6 OF SCIIS

15.

TABLE 1 (Continued)

Strategy Elenents .

COMMUNITIES

Intended New

Franing Question Empirical Results  Presented Information Conceptions

Discovery Phase of
Learning Cyele

Chapter 6: <Cotyledons

Weat do yﬁu think
vill happen to young
bean plants with and

- without cotyledons

16.

1.

placed in the light

and dark, respectively,

Explain your reasoms,
Bean piants without coty-
ledons grow: Ja light, but
die in the datk.

Bean p’-nts with cotyledons
contirye to grow in light,
but stop groving in datk
after the cotyledons shrivel
and fall off.

Wiich grew better—

plants with or with-

out cotyledons?

How well did plants

without cotyledons

.7 grov in the dark:

“p,

What do you think the
cotyledons do for a
young plant?

When do plants need
Light! ;

The cotyledon provides

food for young plants,
“After the food from
. the cotyledod is gone,

plants need light to

. make their food."

13
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major presentation is the invention of the concept of photosynthesis at the end of
Chapter 5. Z
~The questions included in the strategy serve several functions, some of which are

not readily apparent. The SCIIS teacher's guide does not usually make such information

“explicit. Our interpretation of these functions are hased on obsgrvatians in thirteen
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. phenomena or top1c5

establishing the purpose of an empirical investigation
- guiding student thinking about the interpretation of results |

- establishing certain Issu (rathér than others) as the focus of attention

= driving, studént thmkmg to consider the underlymg explanatmn for Emplru:a,l
results.

Although not i~itially apparent, the uﬁdérlyiﬁg issue for the sequence is the source

of food for plants. Following the student's introduction to the parts of the bean seeds in

Chapter .3, Question 2 raises the issue of the function of the seed parts. This focus,

carried on through Chapter 4, is crucial since the cotyledon's function of providing food

- to the embryo’is intended to lead into the central, underlying issue of the source of food

for plants. Raised again in Questicn 6 this issue-leads the interpretation of the

investigation in Chapter 4 beyond the essentially empirical generalization that the

cotyledon and embryo need each other for a new plant to grow yvith which the discussion

might otherwise conclude.

Questions 7 and 12-are important in exposing students' pra:oﬁc:egtieﬁs about the



relationship of light to plant growth aﬁd the sources of food for plants, respectively.
Question 13 is the point at which the anticipated student pré;om‘:epti@n that plants got
theirioo:d from the soil is to be confronted with the discrepancy of plants dying in the
dark despite the presence of rich soil. This concludes the exploration phase of the
sequence. |
Following the invention of phatésynthesisras an alternative conception of plants
source D:f food, Question 14 leads to the application of the-new Qonéept 1n explaining the
results obtained. Chapter 6 is the discovery phase of the sequence in whicij the égnceét '
of photosynthesis and the food supplying function of the cotyledon are to be applied in
_predicting and explainiﬁgfiontinugd growth of bean seedlings with cotyledons removed

and left on under conditions of light and darkness, respectively.

Overview of the Study

was a case study of the use of a bafticulér’ teaching strategy_with a single class of fifth-

graders. Our data sources included pre and posttest responses for all students,

infervie;vs @fﬁ target students at five different points, observation notes and Har’rativg

class discussions. C)i;xedifferem:e was that, in our study, the teacher was an experienced

elementary téaréher’ teac:hiﬁg her own students without direct input from the researchers.
_She was teaching the sequence for the third year, thrivs timé_u’siﬁg a teagher% guigé
developed in a related study (Smi:ih"and Anderson, 1983) and designed to make the o
conééptual change stratégy more ’»:pl_ic:i't; |

As siatéd; above, the ins’tm;:tian was not very suc’c:e;ssful ig bringing about the

intended t:cm:eptuai r:haﬂngies:‘_ Abt’::ut' seventy percent of the sfu§énts incorporated into
" their :Qﬁi’eptiaﬁs the idea that a plants méké food. However, less ﬂ:‘xen twent)} percent of
~ them clleéﬂy fgl;ated this to the a;;ailability of light. Furrtﬁermgre, plént;s ;ﬁakiﬁg of food

was.hot adopted as an alternative to taking in food from the environment. Rather it was

ERIC
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the students’ preconceptions of what constitutes food for plants with relativelydittle
basicchange in those preconceptions. Only one student appeared to have accommodated

1o the goal conception.

us to examine the issue of what went wrong. We were led to a number of problems that

appear ‘to have general implications for cognitive instruction.
Ways of Going Wrong

Empirical Ambiguity

The instructional strategy depends on certain empirical generalizations. For
example, Chapter % addresses the issue of the functions of parts of seeds and involves an
experiment in which the students attempt to germinate four different combinations of_

bean seed parts as shown below:

©

W

Cotyledon .+ Embryo Cotyledon with

e
alone alone . ecbryo

NO GROWTH

O
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develops into a plant only if atta&hea to-a cotyledon. This generalization in turn rests on
the anticipated results that neifrier the isolated embryo nor the isolated catyleéans grow,
while the embryos with one cotyledon attached and the whole seeds do grow as
illustrated. From the standpoint of a trained adult these trends wére clear in the
students' results. However, making the intended empirical generalization was not a
stéaightfarward inatter for many of the students.

Two sources of difficulty relate to aspects of what S;ﬁfiké and Posner (1982) refer
to as the students' conceptual ecology namely their implicit measurement aﬁfj
observation theories. First, some of the students attended primarily to their own
individual set up, ignoring 6ther instances. Their implicit assumption seems to have been
that one case is sufficient and agféérﬁem among multiple instances is irrelevant. Thus,
atypical results obtained by some groups were generalized even when the trend across

_groups was clearly in the opposite direction.

For example, in some instances the whole seeds did not ge-rminatei The following
excerpt from an interview of one of the target students following completion of Chapter
4 illustrates: - | | ’ : A

I: Whatrdid you think about the_-whale seed?
S: O.K., it went to 18 millimeters, and 19, 19, 20, 20. I don't know what happened.
E\VEH; the whole seed has everything right but it jus;t didn't grow that much.
- Iz Do you think tﬁiat some 6tth whole seeds Qould grow or don't you think that any
of the whole seeds grow? '
S:1'think that may_bé some of them would. I don't know.
I: Did some of the other studéﬁté‘ewhole seeds grow? .
'Vl 1 don't t,hvi_n:k $0....
This is surprising because, as she impli%d, this résuit is somewhat counter intuitive.

Furthermore, she had just correctly explained the meaning of points on the class chart

17
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which had celor coded dots showing that some of the whole seeds had indeed grown

ubstantially. Apparently, she had not felt it necessary or important to consider the

atypical mdivir:,lual points on the class graph, rather than to some more central or
representativ. point.
A second aspect of studenis' implicit observation theories that came into play was

judging the significance of differences in the measurements. How much change in the

le gth Df the isolated embr yo, for example, constitutes "growth". Some of these

emb_ryos did grow a few millimeters in length. In com mparison to those attached to the

Ml\

cotyledons, however, this growth would generally be considered by our trained adults

apparently did not apply the

I-‘
\W
[T
i
[w]
=]
[
o
[
w
<
1]
e
)
[»8
L

negligible, On s
neglizibility principle and réit;art&é that their isolated embryos "grew".

Some of these problems might have been overcome had the teacher put more
emphasis on the class graph. That is, she might have pressed the students toward an
alternatwe observation ’theary. However, the somewhat cumbersome procedure

suggested for estirn'atiﬂgj reiff:rding and connecting average points for each observation -

o
=4
@
[ﬂuw

»ach experimental condition was carried out for ::mly some of the data. The
combination of the r’élat; vely large amount of time and effort 1nvcﬂved and: the apparent
greater meaningfulness to the studer nts of actual example gérmiﬁaticn systen‘is led her tc:
d

deemphasize use of the class graph. Given the nature af the students implicit

observation theories, this appears to have contributed to the students contxnumg to use

concerning the empirical results.
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Ambiguity in Discourse

The ambiguity just discussed ih regard to empirical results may tend to arise to
some degree in any instruction which relies on first hand inquiry. However, systematic
ambiguity can also occur in classroom discourse. In the present case, such an ambiguity
exacerbated the empirical ambiguity in Chapter 4. It arose from the possible alternative
reiérerxts for the terms 'embryo' and 'cotyledon'.

The issue underlying the invéstigatidﬁ was the function of the gmbfya and

cotyledon as parts of a seed. However, the experirnent was set-up-so-thatanisolated
embryo and an isolated cotyledon were experimental conditions as well. Thus, the

. did not grow, the embryos as parts attached to cotyledons did grow. Since the function

of the embryo as the part that grows is a central issue, there were many opportunities
for confusion during class discussions.

. Similarly, an irﬁportant observation made by one of the students and emphasized by
the teacher was that the cotyledon (part) was éhfiveling or shrinking as the éttached
embryos grgw.f' This was very suggestive of the cotyledon somehow being used up.
Hé\vevg_r,,soﬂ‘gé of the students interpreted these reports as referring to the isglatéd
cotyledon («:o%\;ﬁﬁr:n) and tended to disagree. In the process they did not attend to and

have the benefit of this important but subtle observation.

Attacking the Wrong Preiénéer:ti@

The 5CIS iﬁStructianai strétégy anticipates that studénts will hold a preconception
concerning the source of food for plants, namely that plants get their food from the s*:xii;_
The teacher's guide also indicates that for the students this "iaod‘j‘ is water and fertilizer
or minerals, but this is nAot attacked directly. The point’is made that bean seeds in

Chapter 4 were germinated without soil and there is an thig‘n"afl"‘éig{i?i?ity ofgrowing
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seeds without soil. The point of exploring the functions of the parts of the seed in
Chapter 4 is primarily to provide an alternative conception of the source and nature of
-food for young plants, the part of the seed referred to as the cotyledon. Finally, the key

discrepant event built into the sequence is the determination in Chapter 5 that grass

soil.

While the idea that plants get their food from the soil was common among students

in the study, this does not seem to be the core of their conception. The central

preconception also seems to be deeper than the idea that water and fertilizer or minerals

whatever materials are needed and taken in by the plants. Furthermore, their notion of
food is additive. If the plants are unable to get certain materials from the soil, other
materials such as air and even light may be considered as adequate alternatives. »

Given the additive conception of food for plants as whatever materials the plants
take in, the students c:ogltd' simply add the cotyledon as another source of food rather
than add an alternative to what constitutes food. Some of the s{tuder’mts saw the
caty!e&anés an "extra" source of water or fertilizer.

; Another zphsequenze of this underlying t:t,:hr:épitibn of food for plants was that the -
E;tudéﬁts easily 2scaped the trap ﬁepresenied by the intended discrepant event. Light was
Simpl); added as an essential component of plaﬁts‘-igéi This preconception also tended
to promote what Hewson ( 1980) calls "conceptual capture" of the concept of
as a process in which light, water and air were mixed together but each substance
maintained its own identity. C!thgé students intefpféted phatééyn’fhesis és the name for
this mixture. Asked in Chapter 6 w:hy she thought the bean plants in the dark would
édﬁtihUE to grow, a student explained tha1 photosynthesis was light, water and air and

‘that "two out of three isn't bad."
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few students came to understand photosynthesis as a process in which food is made out
of light, water, and air. Even fewer students understood that green plants have no other

source of food

L

Loose Framing of Important_ Issues

Many steps in the instructional strategy take the form of questions as reflected in
Table I. In a number of instances we observed problems that could have béér\ lessened
by more appropriate use of questions in framing the issues. For example, in Chapter 4
the students appeared to have considerable difficulty relating the empirical results of

the investigation to the issue of the function of the seed parts. While part of the

problem was probably the uncertainty of the students concerning the empirical results
discussed above, another factor was the pattern of questions used to frame the
mvesngatnon and the interpretation of results. The strategy suggests introducing the.

However; it iﬁcludes no question féquir’ing the students to thosé ideas in predlctlng
what rmght happen in the germmatmn experiment. In actual instruction, no question
\.vhu:h would drive students' thinking to consider the ?elatmnshxp between the results and

the students‘ ideas about the seed parts functions was pased pi ior to the 1ast two lessonsi

the seed parts functions was raised in lesson 5, the questiaﬁs in terms of which it was
framed appeared to be inadequate. The teacher first asked the students what they
thought the parts' functions were. She then asked far "evxdence" to support thexr views.
However, the stude:nts' ideas about what would constitute evidence were such that they

did not usually see this question as pointing them toward the results of the experiment.
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the students' views about the seasd part functions drew on the results for the four

conditions in the experiment.. Thus, the question did not appear to match the student's

Given the nature of the students' preconceptions about what constitutes evidence,
a question which more tightly structures the students' thinking about the relationship
between the experimental results and their ideas about the functions was warranted. In

this instance the teacher had not used the questions that had been suggested in the

‘strategy (Questions 4, 5 and 6). In this instance the questions suggested in the strategy

do appear to more adequately frame the issue. Th;zy first a rtu:ulate aspects of the
results and then require the students to explain why these results were obtained.

Our analysis indicates that the selection of questions is a very crucial aspect of an
instructional strategy. In some cases there appeared to be important gaps in the
strategy or quest;éﬁs which were not adequate to the situation. In other instances the
teacher did not use questions provided in the strategy that appeared supencr to the ones
aciually used. In still other instances the teacher used thetmd;_t:ated question I:ut failed
to recognize when Studéntr responses indicated predictable alternative conceptions on the
part of the student. Such conceptions include the students' implicit observation theories

and explantory ideals, elements of what Strike and Posner refer to as the students'

"conceptual ecology".

' Discussion
The prali:dems we have illustratéd indicate that matching instruction to the
Eéﬁééptgal ecology of the s;udents is both es;,i'.éntial‘ and difficult. Devebpers must be
aware of predictable alternative EOnc:ept,ioné and identify appmpriaté questions and

other moves.accordingly. Teachers must also be aware of the alternative conceptions

-and the intended roles of specific questions so that they can recognize indications of

students' alternative conceptions and respond appropriately.’

- 22
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The heavy iniormation processing load that this role places on the teacher suggests
the importance of incorporating such information into instructional materials. .This is

not to make the materials teacher proof but rather teachable. Given the best of

LE]

strategies, the teacher plays a crucial rele in the diagnostic use of appropriate questions,”
in the interpreting of students' responses and taking appropriate actions. In our own

work we éré exploring the use of text materials (Roth, 19383) and overhead transparencies

strategicly important guastions.

The value of a generic strategy such as Nussbaum and Novick's or the SCII3
learning cycle lies in its; prescriptive power. To the degree that it is consistent with the
real world of teaching and learning, its use in dgvelc;piﬁg curriculum and planning
instruction increases the likelihood that students will learn as intended. \?hilé particular
strategies might be developed-and assessed independently of any explicit generic

.strategy, the generalizability of such efforts is limited.

While a generic strategy must be sound if its use is to result in effective

implement the strategy. Apart from the issue of fidelity, the particular strategy or
instruction may be inadequate in ways that have nothing to do with the adequacy of the
gene;{ic strategy itself. The examples presented ‘i,ﬁ this paper reflect all four of these
possibilities. The models of Stril{e and Posner (1982) and Hewson (1981) helped identify
§hd interpret these examples and point to other aspects of stua_ents conceptual ecology
which mightg be problematic.

LS
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In their conclusions,(Nussbaum and Novick, 19%82) state:

In our opinion, the state of the art in cognitive education does not at -
present oifer a widely accepted theory base which could easily facilitate

—the design of instruction for learning many basic conceptual schemes in
school science. p. 20.

While problems such as those described above may not have acc;red i;iitibgif
study, it is irﬂpogtant to consider othar levels of going Wrong‘in assessing 2
generic strategy and its theory base. Such an assessment should pfot;abiy be
based on productivity over tifﬁe rather than on the success Qf féilure of a single
attampt to apply it. While we would not dispute Nussbaum and Novick's
statement, we do think that the currently available thaory base does provide an
important foundation for ongoing development and research. |

Nussbaum and Novick (Ibid.) conclude with the following recommendation
with which we heartily concur:

That the grawing-cgmmuﬁity of practitioners who are looking at SAF's

designing and téfsitring new instructional sequences based on principles of

cognitive accommodation.
e

ot

24



L]
(=]

References =

~ Anderson, C. and Smith, E. Transpafenzlas on Light: Teacher s Manual,

(Research Series No. 130). Inscitute for Research on Teazhlmg,
Hichlgan State University, East Lansing, MI, 1983.

Anderson, GL W.,*and 3mith, E. L.  Children's preconcéptions and content
area textbooks. In G. Duffy, L. Roehler, and J. Mason (Eds.),
Comprehension Instruction: Perspectives and Suggestions. New York:

LDngman Inc., 1983, 187~ ?Dl.

Atkin, M. aﬁd Karplus, K. Diszgvéfy or Invention? The Scién;e Teacher,
September, 1962, 45-=51.

meeting

Hewson, P. W. A case study of the effect of metaphysical comn ents on

conceptual change in science. Paper presented at the an

mitm
annual
of the American Educational Research Association, April, 1980.

Hewson, P. W. A Eanceptual change approach to learning science.
Eurqpean Journal of Science Education, 1981, 3 (4), 383-396

Knott, Robert; Lawson, ChESﬁEI, Karplus, Robert; Thier, Herbert D., and
Montgomery, Marshall. Cammunif;es. Ran d HMe L,lly, Chicago, 1978.

Kuhn, Thomas. The Structure gf Sci tlfl'VRevalgﬁégﬁgi University of

CthagD Press, Chicago, lBEE

Nussbaum, J. and Novick, S. A study of conceptual change in the classroom.

Paper presented at the meeting of the National Association for
Research in Science Teaching, April, 1982.

Nussbaum, J. and Novick, S§. Alternative frameworks, concéptual conflict
and accommodation: Toward a principled teaching . strategy.
Instructional Science, 1982, 11, 183-200.

Posner, G. J., Strike, K.A., Hewson, P. W. & Gertzog, W.A. Accommodation
of a scientific conception: Toward a theory of cgﬁcePtual change.
S;igiﬁergduaatlcn, 1982, 66 (2), 211-228.

Roth, K. I.; AﬁdEfsan, £.W. and Smith, E.L. Food for Plants Teacher's

Guide. instituta for Research on Teachlﬁgil Michigan State UanEfslty,
) i :

Roth, K. I.: Smlth, E.L. and Anderson, C.W. i Students' EDﬁEEEA;GnS of
photosynthesis and food for plants. Paper presented at the annual
meeting of the American Educational Research Associatien, Hantréal
Canada, Aprll 1983. ‘

25

ERIC

Aruitoxt provided by Eic:



Smich, E. and Anderson, C. The effects of Eeaﬁhéfs guides on teacher
planning and classroom instruction in act1v1ty based sclence

Paper presented at the annual meeting of the American Educational
Research Association, Montreal, Canada, April, 1983.

A

study of elementary science teaching. “(Research Series No. 127)
Institute for Research on Teaching, chhlgan State University,
East Lansing, MI, 1983.

Smiﬁh,.Edwafﬁ L. and Anderson, Chéflés W. Plants as producers: case
Ll

. Strike, K. A. and Posner, G. J. "Conceptual Change and SZienca Téaching.
Eurapeaﬂ Jourmal af SElEﬁCE Educatlaﬂ 1982, 4(3). 231-2

Toulmin, Stephen. Human Understanding. Princeton, New Jersey,
Princeton University Press

Viennot, L. "Spaﬁtaﬁegus Reasoning in Elementary Dynamics.” huerEan
Journal of Science Education, 1979, 1 (2, 205-221.

ERIC

Aruitoxt provided by Eic:



