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OVERCOMING MISCONCEPTIONS VIA ANALOGICAL REASONING: FACTORS INFLUENCING Introduction
UNDERSTANDING IN A TEACHING EXPERIMENT

David E. Brown and John Clement
Scientific Raaaoning Reaearch Institute Students’
Univeraity of Meaaachusetts

Amherst, MA 01003 Playing a crucial role in learning (for a trief review see Resnick,

prior knowledge hes been increasingly recognized as

March 22, 1989 1983). According to this view, prior knowledge determines the meanings

derived from instruction, and teaching which does not build on existing

Abstract knowledge and understanding will fail to produce meaningful learning.
In most work investigating factora influencing the success of analogies
in instruction, an underlying assumption is that atudents have little or
no knowledge of the target situation (the situation to be explained by drawing on atudents® existing knowledge.
analogy). It ia intereating to ask what fectors influence the success
of analogies when atudents believe they understand the target situation.
If ‘his understanding is not normative, inatruction must aim at
conceptual change rether than simply conceptual growth. ‘hrough the
enalysis of four casa studiea of tutoring interviews (two of which
echieved some noticeable conceptual change and two of which did not) we
propose a preliminary l1ist of factors important for success in
overcoming misconceptiona via analogical reasoning. First, there must
be a uaable anchoring conception. Second, the analogical connection
betwsen an anchoring example and the target aituation may need to be
developed explicitly through proceaaes such as the use of intermediate

The use of analogy is often viewed as one of the primary means of

By activating relevant prior

knowledge which is already understood by the learner, the analogy helpa

give meaning to incoming information (Royer & Cable, 1975, 1976; Mayer,

1983; Simons, 1984; Stepich & Newby, 1988),

in a traditional use of analogy in instruction, generally the

analogy is presented to the student through a lectura or textbook

analogies. Third, it may be necessary to engage the student in a rassage. (The situation to be ex lained b
process of anslogical reasoning in an interactive teaching P Y analogy is called the
environment, rather than simply presenting the analogy in a text or target,

and the better understood analogous situation is called the

lecture. Finally, the result of this process may need to be the
student’'s construction of a new explanatory model of the target base.) When the base gituation is sented
situation. pre ed, ugsually points of

correspondence are drawn between elements in the base and elements in

the target

» unless these points of correspondence are conaidered

obvious.

There are several asaumptiont inherent in such a traditional

use of analogy which include the following:

1) The student has 1ittle knowledge or understanding of the target

situation and would welcome a comparison to a more familiar

situation.

2) The base situation {s understood by the student.

ERIC 2
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The student accepts that the analogy is sound, either because he
recognizes the aptness of the analogy, or because he accepts the
authority of the teacher or tex{ ‘hat the analogy is apt.

4

~

The atudent makes (or is helped to make) the correct correspondences

between the items in the base situaiion and those in the target

situation. Thia correspondence is often called the "mapping"

(Gentner, 1983).

5) The analogy is sound, that is, the elements that are similar (to an
expert) outweigh in importance the elementa that are dissimjlar.

6) The student is motivated to attend to the comparison.

7) The outcome of consideration of the analogy is conceptual growth,

that ia, new knowledge and underatanding of the tirget where there

waa little before.

In this paper, we would like to examine the use of analogies when
the student believea that she already understands the target situation,
yet this “"underatanding" conatit:tes a misconception from the expert's
perspective. Aa a result of such misconceptions, atudents may reject

the aptness of potentially helpful analogies.
Uaing Analogical Reasoning to Overcome Misconceptions

Within the past decade there has been an increasing awvareness of
the detrimental effects (to school learning) of some of stugcnts prior

knowledge. Students come to class with preconceptions whirh inhibit the

acquisit.on of content knowledge and are often quite resistant to

Q 6
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renediation (for reviews of research on students' alternative
conceptions, see Driver & Easley, 1978; Driver & Erickson, 1983;
McDermott, 1984; Duit, 1987). Awareness of these preconceptions has
prompted a number cf instructional research efforts including ours at
the University of Massachusetts.

For severa. years we have been testing an analogical teaching
strategy which attempts to build on students' existing valid physi-al
intuitions. By establishing analogical connections between situations
students initially view as not analogous, students may be able to
extend their valid intuitions tc initially troublesome target
situations. This strategy has been used in tutoring, computer
tutoring, and classroom instruction, with some apparent success
(Clement & Brown, 1984; Brown, 1987; Brown & Clement, 1987b; Clement,
et al, 1987; Murray, Schultz, Brown & Clement, in press). In this
peper, we examine four case studies of students tutored with this
strategy. Based on an an.lysis of the case studies we propose a
preliminary list of factors important for conceotual change via

analogical reasoning. The strategy is described below.

Bridging Strategy

The first step in the bridging strategy is to make the
misconception explicit by means of & target question. For example, a
question which draws out a misconce,tion for a majority of introductory
physics students concerns the exiatence of an upward force on a book

resting on a table. Students typically view the table as passive and

~1




unabla to exert an upvard force. The next atep is to auggest a case
which the instructor views as analogous (such as a hand holding up a
book) which will appesl to the atudent's intuitions. We call such a
aituation an anchoring example (or, more triefly, an ancher),. However,
avan though the atudant may reason appropriately abo. the anchoring
example, ahe may stj]11 be unconvinced of a valid analogy relation to the
target caae.

When thia occura the instructor attempts to establish the analogy
relation. 1In thia caae the instructor first asks the student to make an
explicit comparison between the anchor and the target. If the student
still does not accept the analogy relation, the instructor then attempts
to find a “bridging analogy" (or series of bridgirg analogies)
conceptually intermediate between the target and the anchor. This ca.
often be done by transforming the anchor to make it conceptually closer

to the target.

Hypothetical Example

As an example of bridging, consider the following hypothetical
interaction, illustrated in Figure ). (Although fictitious, the
interaction ia not unlike those reported in Brown, 1987.) The numbers
in Figure 1 refar to the nodes in the diagram, which represent the
situations considered by the student.

1) Book on a table. 1In response to a question about the forces acting
on a book at reat on a table, the student indicates that the table is
not exerting an upward force on the book. (The physicist would say

that table ia exerting &n upward force on the book baiancing the
downward force of gravity).

ERIC S
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2) Book on a spring. As a potential analogy, the interviewer asks the
student to consider the situation of a book resting on a spring. 1In
this case the student indicates that the spring would be exerting an
upvard force since the spring is compressed and "wants” to return to
its original position. However, he rejects the analogy relation to
the case of the book rest!ng on the table, since the table is rigid
and doex not need to return to its original position.

3) Book on a flexible table. At this point the interviewer introduces
the situation of a book resting on 1 flexible table (e.g. a flexible
board between two supports). Upon reflection the student accepts
that thia situation is analogous to the book on the apring situation,
since in both situations there ia compression or bending and
accompanying "desire” to return to an equilibrium poaition. He also
accepta that the situation of the book on the flexible board is
analogous to the ajtuation of the book on the table aince the table
can be viewed as a thick board which would atill bend, although
imperceptibly.

As a result of thia compelling, although not logically airtight,
"analogical transitivity” (i.e. A {a analogous to B, B ia analogous to
C, therefore A is analogous to C), the student concludea that the book
on the table ajituation is analogous to the book on the apring situation,
and that therefore the table is also exerting an upward force. As a
result of this process of analogical reasoning, the atudent has come to

believe in the soundness of an analogy relation he had previoualy

rejected,

Caae Studiea

In this paper we exasnine case studies of four interviews with three
students involving four different misconceptions in which this bridging
strategy was employed. Two of these interviews achieved some not iceable

increase in student understanding, and two did not. Often,
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interventions which fail to achieve the instructional objectives are as
i{lluminating as sessions which achieve the objectives. Set against the
background of auccessful attempts, fajiled attempts can serve to

highlight those factors {mpcrtant to success.

Met hod

Although these interviews could be called turoring interviews, the
students were informed that the interviewer would take a “devil's
advoczce® stance in order to foster discussion. In this way students
vere encouraged to adopt only those ideas that szemed reasonable to
them, as they would be unsure whether the arguments the interviewer was
advancing were "correct” or simply made to encourage discussion. Two of
the three students were high school Jiniors currently taking chemistry,
who had not yet taken physics, and one was a freshman at the Universaity
of Massachusetts who had not taken physics in high school or college.

The interviews were conducted by David Brown.

Case 1

In this interview, Mark (names used are not the students' real
names) considered the question of whether a table exerts an upward force
on a book resting on the table. The following numbered sections
correspond to the numbered nodes in the diagram in Figure 2. Although
this interview dealt with the same target problem as the hypothetical

case above, many more potential anslogies werc introduced and discussed,

O
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Some of these are examples of what could be called "sub-bridges,” that
is, situations which sre intermediate between two situations, at least
one of which {s not the original anchor or target, For example, node 5
is a bridge between two situations neither of which is the original
anchor or target. (Mark was a freshman at the University of
Massachusetts who had not taken physics in h.gh school or college.)
1) Book on the table. The target quesiion asked whether a table

exerts an upward force on a book resting on the table. 1In response

to this question, Mark replied (numbers jndicate placement in the
transcrapt):

042 S: No, it's just, it'a just ah, a barrier between the floor and
the um, the position the book is at right now.

2) Books on the hand. Although he said the table would not exert an
upward force, he indicated he would definitely have to exert a force
upward in the case of several books resting on his hand, However, he
did not view these situations as analogous (book on the table and
books on the hand). When asked why he answered differently in the
two situations, he replied that hia arm has muscles,

3) Book on a spring. The first bridging analogy introduced was that
of a book resting on a spring (S stands for student, I for
interviewer).

070 S: Ah, the bcok is on the spring and um, this spring is absorbing,
ah, the force caused by the mass of the book and t:-- gravity,
But I wouldn't say that the spring is, ah, pushing . 2n the
book. That's just my gense.

07! I: VUh huh.

072 S: The spring itself doesn't initiate any movement.

Mark apparently views the spring as a passive entity, one that cun
absorb force but cannot " .njitiate any movement® jtgelf.

073 I: What's the difference then between the book on the spring and
the book on the hand?

074 S: Uh, muscles in the amm.

075 And the spring doesn’'t have any musclea?

076 S: Right. The spring is Just ah, a piece of metal and it'll
absorb ah, as much as it can until the point where it's
completely contracted and then it will probably, ah, not absorb
more energy.

~
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4)

3)

6)

7

123
124

125
126

127
128

129

Hand on a spring. Ths intsrviswsr propoasd s hand pressing down on
8 apring &a s bridgs bstwssn ths books on the hand and ths book on
ths spring. Hark bslisvsd that ths spring would puah up against his
hand. Howsvsr, hs viswsd ths book vsrsua ths hsnd on *‘e spring as
not snalog "us. Whsn aaksd why, hs rsplied:

088 S: Ah, becauss ths forcs, ah, bsing exerted on the spring oy the

book ia only ths maaa of ths book and ths gravity. But the ab,
ths forcs of the hand, um, could be all kit of, is you know,
YOur muscles, ths musclea in your hsnd.

Hsnd or s book on s Spring. As s bridgs bstween the hand on the
spring snd ths book on ths spring, the intsrviewer suggested s hand
prsssing down on s book on s spring. Msrk ssid the spring would
dsfinitsly be pushing up sgsinat ths book in this cass. When asked
to compars thia to ths aituation of ths book rssting on the spring,
hs rsspondsd:

106 S: Bscsuse now with your hand off of [the book} %he, no downward

presaurs ia rsslly bsing sxerted. Actuslly n~w I ges the point
you'rs trying to maks, it's sh, it's only che amount of force
being, push being sxertsd on ths spring 1is varying. It just
4888 to me thst thsrs'a no force be.ng exsrted on the spring
vhen ths book ia on thers, ths gravity's almost invisible, we
don't wvsn think about it. But now I rsslire that it, there is
no diffsrsncs bstwasn the two that you just aaked re.

Books on s flsxibls board. Now that Mark bel isvsd that ths spring
sxsrts an upwsrd forcs on the book, the interviswer sttempted to
satablith ths csss of ss:..a! books resting on a flexible board
between two supports as a bridge bstween the book on the spring and
the book on ths tabls.

Hanu_on 4 flexibls board. Initially, Mark said *hat the board

vould bs aimply s barrier, but then he generated hls own bridge
between ths 3srlisr aituation of the hand on the spring snd the books
on the flexibls bosrd.

1: Would you say that this board is pushing up sgainst the books?

S: Ah, no I would say the board is, ah, just s bsrrier between the
books snd the srea underneath the board.

I: Uh huh.

S: I don't think the, sh, well now, now that I think sbout it a

little more, sh, the spring, sh, this board might . ave some of

the propsrtisa aimilsr to ths, ah, spring, because the, sh, if

You [.sh down on the middls of the, right at the point where

the books srs located,

Uh huh.

S: the, it gould probab'y come bsck up depending on the, whether
the bosrd waa flexible.

I: I'm sssuming that it is.

-
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130 S: Or it could brsak if it wsrsn’'t flexible, but since it {is, ah,
I suppoae you could asy that the board is puahing up the books.

Now thst Mark believed the flexible bosrd exsrtsd an upward force on

the books, the interviever aaksd him to compars this aitustion with

the situstion »f the book on the tsble.

135 S: Uh, ths board is fisxible snd, yssh I gusas thst's, that'a

esaentislly it, the bosrd is flexible snd, it, ah, it probably

isn't diffsrent, um, I'm atsrting to reslize how technically

probably fan't diffsrent, it Juat sppeara differsnt. Ah, you

it

know, because it'a & thin board, it's flexible, snd you csn see

esaisr thst it's, um, ths board is pushing ur on ths hooka.

Especislly after tslking sbout ths springs previously snd, uh,
the tsbls is reslly, sh, rigid, it doesn't sppssr flexible even

though it is in * .e, sh, you Know, in s rsslly, rsally small
microscopic, sh, aenae. And, ah, so thsre probsbly,
scientificslly thers probably is no diffsrencs, it'a just a
mstter of, sh, numbers, you know, ths bosrd is very flexible
snd the tabls is immessurably, sh, flexible.

Discussion. Later on in thia interview, Mark indicsted that the

idea of the table exerting sn upward forcs made "complets aenae." Thus

there is aome fadication ir thia case that the bridging atrategy wsa

succsssful in bringing about concsptusl chsnge.

It is intereating to note several differences between thia use of

snalogy and s more stsndard approsch, such ss preaenting sn snslogy in

a text passage and noting the pointa of correspondsnce to the target.
First, Mark felt he alresdy understood the target situstion, thst the
tsble was simply s barrier preventing the book from fslling to the
ground, but not exerting s force on the book. Second, ss s result of
this perceived understsnding, he strongly resisted accepting the
aptness of seversl proposed snslogies.

Third, wheress the tradicions]l use of anslogy would involve
presenting the base as an snslogous ajtuation, in this csse the

interviewer . imply suggested situations without stating that ths

13
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situationa wars anslogous. The purpose of tha interview was to engag.
ths studsnt !n a prc.ess of analogical rassoning, and not simply to
prssant an analogy. Fourth, the result of ths procezs of znalogical
rsasoning was to change rsther than add to hia existing

understanding of ths book on the table situation. Finally, one could
argua that tha sasult of the proceas waa that Mark came to view the
table as springy, and not simply sa analogous to a spring. We will
return to this laat point later in the paper as an important factor in

the success of a bridging spprosch.

Case 2

In this interview, Tom considered the question of whether the floor

exerts & force on a shuff e“-ard puck sliding on the flour. The
physiciat would say that tha floor exerts s frictional force in s

direction opposite to the puck's motion which slows the puck down,

Following ia a diacussion of the nodas in tha disgram in Figure 3, (Tom

was 8 high ».hool junior currently taking chemistry, but who had not yet

takan physica.)

1) Sliding shuffleboard puck. In response to the shuffleboard puck

question, Mark replied that the floor does not exert any force on the

puck which affacts ita horizontal motion.

2) Intermeshed hairbrushes. The anchor used was that of two
hairbrushes slightly intermeshed, one clamped to the table and the
othar drawn horizontally across it to the right. Tom believed that
the lower brush would exert a force to the left on the top brush.
However, he did not aee this as snalogous to the sliding puck.

216 S: Because, the, the bottom brush is holding the top brush back,
80 if one is puahing to the right, the other one, the bottom
one is pushing to the lett.

Q
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I: Uh huh. 1la this, um, is this aituution different from the puck
on the floor?

S: (pause)

I: What ars you thinking?

S: Um, I'm thinking that, ysah it is, be-~auss the floor doesn't
havs, exactly heavs, uh, bristlas like tha bottom of a brush
doss, which ars pusiing against the top brush. The floor is
flst.

Magnified view of puck and tloor.1 As an intsrmediate aituation,
the interviewer asksd Tom to consider a magnifisd view of the puck
s1iding in which both the floor and the lower surface of the puck
would appear bumpy. After he realized that both the floor and the
puck would appear "hilly snd rough® (his own spontaneous
description), Tom indicated thst the interfsce of the bumpy surfaces
was "ths same thing™ as the hairbrushes. Curiously, however, this
racognition did not immediataly lssd to a co'rsct answer for the
aliding puck.

I: So in thers, is there a force, um, from the floor on tne puck
in any direction?

S: I'm pot sure if it's in sny direction, it's, 'cause the floor
isn't moving.

I: Yh huh.

S: The puck fa. (Pause) I'm not really sure.

I Is there a force in any particular direction in 2 [the
hairbrushes), on the top brush?

S: I think if you move the top bruah to the right, it bends the
bristles.

I: Uh huh.

S: The bristles would push back to the left.

I: Uh huh. .

S: And that would be s force to the left. But the floor isn't

moving, but the puck fis.

1 Th huh. Would these bumpa [in the magnifisd view] bend at 8117

S Teah, but not a8 much as the bristles on the brush would.

I: S0, would they exert some force in the other direction?

S: Yes, they would.

I: What direction?

S Opposite that of the puck.

I So, the puck is moving to the right, so that would be to the
left?

S: Yes.

I: Uh huh. Does that make sgense.
Mu hmm,

I1: Uh huh. Okay, and just real quickly, sgain, on a scale from
one to ten, J'd like you to rste how much asense it makes to you
that the floor exerts a force on the puck in the direction
opposite to the puck's motion.

S: Ten...I understand that now.
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Discussion. There ia some indication that Tom changed his
conception of the target ajtuation. Whereas he initially believed that
the floor did not exert a force on the puck affecting the puck’s
horizontal motion, by the end of the interview it pade perfect sense to
him that the floor would exert a force in a direction opposite to the
puck’s motion. In addition to the points of comparison with the
traditional use of analogy discussed in case study one, it is again
interesting to note that the result of the procesa was that Tom viewed

the puck and the floor as bumpy or bristly, and not simply as

analogoua to hairbrush bristles.

Unsuccessful Attempts at Cridging

The case studies described sbove represent relatively successful
attempts to promote conceptual change by bridging between an anchoring
exarple and a target aituation by means of one or more analogies. 1In
the following two case studies the same Sstrategy was attempted with no

arparent success.

Case 3

In this interview, Dorothy considered a target problem of two
roller skaters facing each other. One pushes on the chest of the other,
forcing them apart. The physicist would say that the two skaters would

toth move backward with equal speeds. The nodes in Figure 4 are

KTC 16
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described below. (Dorothy was s high school junior currently teking

chemistry who had not yet taken phyaica.)

1) Skaters. In the target problem, Dorothy indicated that the skate.
being pusahed would move backward faater than the akater doing the
pushing.

2) Symmetrical carts. An anchor for her vas the symmetrical aituation
of two Larta being forceC aport by a compreaaed apring which ia not
sttached to aither cart. MHowevar, she did not viawv thia aituation aa
anslogous to the target problem. When saked whather thaae aituationa
were differernt, she replied:

118 S: Yeah, becsuse um, A [the akater doing the pushing] would, A ia
the object that's exerting, that'a exerting the force, becsuse
it haa nothing puahing againat it on tha other aide to balance
the force that it's giving off. Um, aome of the, asome of the
force pushea it backwarda, but the majority of it ia going, ia
going forwarda. It's going from one gide to another, more than
Juat from between them and out, like in thia aituation with the
carta [ths aymmetrical carta with the apring between them].

3) Spring attached o one cart. As a posaible bridge, the interviewer

introduced a aftuation almost identical to the laat aituation, except
that in this case the spring ia attached to one of the carta.

Dorothy felt that thia minor changa would destroy the equality
present {n the symmetrical caae.

120 S: Well, that's more similar to this, I think, to the
roller akaters situation.

121 What would happen in that case?

122 'S: Um, A [the cart with the apring attached] would move forward,
would move back to the left of it, alao. But B would move to
the right faster.

123 I: Oksy. And so, how are theae aituations different the

124 S: Uh well, because A is attached to this, this apring which ia
providing the force, um, more of the force is um, transferred
onto B,

-

4) Cart with platform. As a posaible bridge between the aymmetric
carta ajtuation and the asymmetric carta situation, tha interviewer
introduced a situation in which the spring waa atill not attached to
either cart, but after expanaion the spring would drop down on a
platform attached to one of the carta and be carried along with this
cart. Apparently Dorothy had not been focusing on the fact that in
the asymmetric situation the spring stayed with one of the carts and
found this attempted bridge unconvincing.

146 S: Um, I don’'t think, I don’t think that would make much of a
difference, because at that point, any of the force that the

17
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spring w#aa exerting has been expanded on the two carts, on
puahing the two carta out, ao it’'a just a weight then.
147 I: So would they mova apart at the same apeed or different speeds,

or...?
148 S: Tha aama apead, I think.

Discuaalon. Thia case atudy provides an example of what could be
called a "brittla” or "non-extendable” anchor. Although she believed
atrongly that tha carta would aeparata with equal speeda in the
aymmetrical caae, the amall change of attaching the spring to one of the
carta ajgnificantly altered the aituation for her. No longer was the
push going from "batwaan them and out,” it was now going "from one side
to another.” It ia unclear whether this is a bridgeable chasm since any
alight changa to the anchor, making it aaymmetric and thua analogous to
tha target, might, for Dorothy, make it unlike the symmetric anchor.

Tha seasion ended with Dorothy atill convinced the akaters would move
apart at unaqual apeeda. (See Clement, Brown, and Zeitsman, 1989, for a

further diacusajon of brittle anchors.)

Case 4

The final caae atudy ia particularly interesting in that it appears
anomalous. Tom (who dealt with friction above) here struggled with the
idea that a moving cue ball and a atationary eight ball would exert
equal forces on each other when they collide, believing instead that the
cue ball would exert a greater force. Thia case atudy is anomalous in

that even though Tom recognized the analogy relation between the anchor
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and the target, he was unwilling to accept the implication of that
analogical relation. The nodea in Figure 5 ara deacribed below.
1) Colliding billiard balls. 4 moving cue ball atrikea a atat ionary

eight ball. which ball exerta the greater force, or do they exert an
equal force on each other?

005 S: I think becauae the cue ball ia moving and the eight ball ia
stationary, that it has, it’a going at a faater rata, and when
it atrikea it haa more force.

2) Mr. T between rajlroad cars. An anchor for Tom waa the aomewhat
fanciful aftuation of Mr. T (& television action hero) on the front
of a railroad car colliding with another railroad car carrying a
large log. He believed atrongly that Mr. T would feel tha same force
regardleas of which railroad car waa moving and which waa stationary.
There enaued a 20 minute diacuaajon about the relationship between
these two sjtuyationa (the billiard balla and Mr. T). Some excerpts
from thia exchange are given below.

In the firs* excerpt below, Tom correctly maps the base onto the
target. In thia correct mapping, tha mo.ing cue ball would
correspond to the moving car with Mr. T on it, and the atationary
eight ball would correapond to the stationary log car.

021 S: I'm thinking that if the log car were the eight ball, and this
[the moving car with Mr. T on it] were the cue ball, that this
[the moving car] would have mora force. But if the log car
wvere the eight ball and thia, the aecond picture [log car
moving and Mr. T atationary], when it strikes the cue ball the
eight ball would have more force. So I'm aaying that whichever
one ia moving at a faster rate will have the greater force.

022 I: So would Mr. T feel aomething different in theae two
situations?

023 S: No. No, I don't think he would.

In the following, Tom begina to quaation the mapping becauae of the
implications.

040 I: So would the cue ball feel a different force than the eight
ball feela, or would they feel the aane force?

041 S: The eight bail would feel a greater force because the cue ball
ia moving.

042 I: So would Mr. T feel a greater force in number two then? Or
would he feel the aame force?

043 S: It would be the aame in thia. I don’t think that these two
[Mr. T and billiard ball ajtuations} are the aame.

When pressed, Tom appears to move into disequilibrium, unable to
reject the mapping and uncomfortable with the implication of the
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aspping (squsl forcss in ths billisrd bsll situation).

044

045

046
047
048
049

050

0s1

064

065

066

067

Is
S:
I
St

I:
S:

S:

Whst srs ths diffsrencss bstwsen those two [Mr. T anu billiard
bsll situacions)}?

Well in the first example hs is 1iks the cue ball going at the
eight ball. And in number two [log car moving, Mr. T
ststionsry) hs's ths sight ball being struck by the cue ball.
Uh nuh.

(pause) I gusss msybe it would be the same. (psuse,

What are you thinking?

I'm thinking thst in both cass®, no matter what, no matter
whethsr hs'e moving or the log cart is mo'ing, he's going to
get hit rsally hard snyway. I still can't see bow that's the
eanms ss the cue ball example.

Can you ssy what the differences are? What's different about
the two sxamples?

(Pause) I'm just thinking that whichever object is moving
fastsr is going to create the most force. (pause) I'm just
kind of lost.

So is this situation [Mr. T) different from the billiard ball
situation?

(Pause) Thess two are the same, number one [Mr. T moving) and
the billiard ball situation is the same. But this [Mr. T
stationary], this would be like (craws) if the eight ball is
moving, it hits ths cue Lall.

What would be, in this case hsre, what would happen in that
situation that you've just drawn, with the eight ball moving
and ths cue ball [stationsry}?

The sight bsll would exert a greatsr force than the cue ball.

Interestingly, in what follows Tom regresses momentarily, resolving
the disequilibrium by snswering differently for the anchor
situation. However, ths anchoring conception is apparently too
strong, snd hs realizes that this is not a way to resolve the

conflict.
072 I: So would Mr. T fael a grester force in number 2 here [when he
is staticnar}?
073 S: Yeah. Now I can.. yeah. (pause)
074 I: What are you thinking?
075 S: (paus2) I'm thinking it doesn’t really matter whether he's

moving or ths log cart is moving. It's not really going to
matter what (pauss)

Further (failed) sttsmpts to resolve ths conflict.

085 S:
086 1I:
Q
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It seems in this problem it would be the same - in the Mr. T
problem - bscauae it doesn't really matter whether he gets hit
by the log csrt or ths log cart hits, or if he hits the log
cart.

Uh huh.
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087 S: But in this one it seems thst, in the first cue ball problem,
when the cue ball hits the eight ball the eight ball's going to

go flying.

068 I: Uh huh. (pause) What would happen in this situation, the Mr. T
situstion?

089 5. When he hit the log cart the log cart would go bsckwards.

093 I: Move to the right?

091 S: Yes to the right, and if the log cart hit him he would go to
the left. (psuse)

092 I: What sre you thinking.

093 S: I don't know, it's (pause)

094 I: Are you looking at the billiard ball situation?

095 S: Mm hmm. I'm still t:ying to f.gure out why I'm ssying one thing

in this and i'm saying a different thing in the cue ball
problem. (pause) I don't knov what to say, I'm confused pow.

At the end of the interview, Tom said that the unequal forces in the
billiard ball situation still made perfect senss to him (a 10 on a
scale from 1 to 10), that equal forees made little sense to him (a3
on 8 scale from ! to 10), and thst it made perfect sense to him that
Mr. T would feel equal forces in the two situations.

Discussion. It might be assumed that {f the student views the
anchor and the target as sralogous, and the anchor ig sufficiently
strong (i.s. intuitively understood), that he will change his mind about
the target. However, although Tom correctly mapped the bsse onto the
targe. and realized the implication of this mappiig .(equal forces), he
seemed quite unwilling to accept the concluainn of this analogical
inference. It is worth mentioning that in an earlier study, on s
similar problem (a bowling ball striking s bowling pin), only 5T of the
students answered correctly that the bowling ball snd pin would exert
equal forces on each other during the collision (Brown & Clenent,
1987a). This question was administered after s full year of trsditional
high school physics instruction, Thus the billiard balls problen may
have been drawing out a particularly deep-seated misconception. 1In this

light, it is not surprising that Tom made such little progress.
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This cs3s is snomslous in thst Tom sppsrently hsd everything
necssssry for trsnsfsr of undsrstsnding from the bsse to the target.
Hl‘hld s strong intuition sbout the bsse, hs correctly msppsd the bsse
onto the tsrgst, snd hs could not sscsps sn internsl sense thst the
snslogy wss spt. However, there wss no trsnsfer. This snomslous csse
study rsisss ths qusstion, which we discuss 1ster, of whether s kind of
snslogy is required which is more potentislly plsusible to students
vhen they hsvs s desp-sested misconception (Fosner, Strike, Hewson, &

Gertzog, 1982).
Genersl Discussion

In this psper wa hsvs examinsd csse studies Jllust-sting the use of
snslogies in tssching to ovsrcome misccnceptions. We contrsst the
bridging strstegy to more typicsl situstions in which snslogies sre used
to help students gsin s grssp of situstions for whicl they initislly
hsve 1ittls or no knowlsdge. In the bridging spprosch snelogies sre
used to help students chsnge their sxisting, snd often deeply rooted,
preconceptions of tsrget situstions (see Tsble 1). In whst follows we
sttempt to isolste thoss fsctors which sre importsnt to the success of s
bridging approsch in producing conceptusl chsnge.

Case studies ) snd 2 provide examples of successful interventions
in which there wss some evidence for conceptusl change. Csse studies 3
and &, hovever, provide examples of the use of s bridging spprosch
vhich fsiled to prodvce sny observable conceptusl chsnge. In csse

study 3 it seems clesr why the bridging spproach fsiled - the student

O
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never came to view the anchor snd the tsrget ss snslogous. Further, it
would hsve perhsps been impossibls to bring her to such s reslizstion
through bridging if the snchor were brittle, thst is, unsble to
tolerate smsll chsnges in sttempts to bridge to the tsrget.

However, in the fourth csse study it is more difficult to
srticulste why the intervention fsiled, since ths slements necsssary
for trsnsfer seemed to be present. In order to srticulste ths resson
for the !{silure in the fourth csss study, it is NSCSSS8ry to tske s
closer look st the successful intsrventions. For the sliding puck snd
book on the table problems, it sppssrs that both Msrk snd Tom were
givsn mors thsn simply s demonstrstion of snslogics]l relstedness, they
were helped to construct s new explsnstory model of the tnrget.z

Given thst the snslogy relstion is sccepted, whst determines
wvhether sn enslogy, such ss the Mr. T exanple, will lesd to sn
explanstory model for the student? We hypothesizs thst in the
successful csses, the snchoring example is used ss s "ssis for
developing & model which providee sn imsgesble mechanism vpersting in
the tsrget. For the book on the tsble, the explsnstory model of the
tsble ss springy provides the imsgesble mechanism of deformstion of s
springy substsnce csusing s resction force. This is fairly essy to gee
snd feel in the csse of the spring, but in the csse of the tsble, we
hypothesize thst this imageable mechsnism must be projected by the
student into the imsge of the tsble where the deformstion is
unohservsble. If this hsppens the student csn see s deformstion snd

resction force ss opersting in the tsble.
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For the aliding puck problem, the explanatory model of the puck and
floor aa bumpy provides tha imageable mechanism of microscopic bumps in
the floor deforming and providing a reaction fcrce against bumps in the
bottom of the puck. Again, we hypothesize thst this mechanism must be
projected by the student into tha imaga of the puck on tha floor, aince
it ia unobsarvable. Sych explanatory modela might aeem more plauaible
to tha atudent than a simple or "expedient” analogy, since key elements
of the model are seen as operating in the target. Thua the model
involvas concrete ss well sa structural eimilsrity in that the model
provides a mechanism percaived as "really" opersting in the tsrget,

In contrsst to when he wss dasling with friction, Tom wss
appsrently unsble to construct s new explanatory model of the billiard
balls situstion. Although ha sensed the aptness of the snalogy to Mr. T
and the rsilrosd csrs, this did not provida him with a nev wi.y to think
about the billisrd balls situation, it simply implied that his view of
unequsl forces was incorrect, Thus, ha was simply left with a paradox:
"Why do I think equal force in this situation, but not in this
situstion, when I cannot gee how they are different?" During the
interview he found no way of resolving the conflict snd ended the
session confused. Recently we hsve used a different approach in
classroom lassons to help students conatruct sn explsnatory model of
situations 1ike the billiard bslla, Using a bridging strategy we
attampt to help students view the surfaces of the billiard balls as
ccapressible (Camp, Clement, Schultz, & Brown, 1988). 1t is our
experience that tre jidea of equal compreasion of the billiard balls on

impact can help the students make sense of the equal forces.
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Conclusion

These caae studies provide a rich source for the exploration of
factora influencing understsnding in the tesching experiment. Analysis
of tha case studies indicstaa s preliminsry liat of conditions
important for the successful use of anslogiea in the preaence of
miscon.eptions. First, a uaable anchoring conception must exist for
the student. This anchoring conception should invo've an intuitive
belief which hss the potential to be extanded thomgh procesaes such aa
bridging (i.e. the snchoring example must not ba "brittle®”). Second,
if the student does not initially view the anchor snd target as
anslogous, the snalogical connection may need to be explicitly
developed through processes such as the use of bridging snslogies,
Third, it may be necessary to angage the student in a process of
snalogical reasoning in an interactive tesching environment. Simply
presenting the analogy in a textbook or lecture msy not be succesaful
in inducing this process. Finally, the use of this strategy should
help the student view the target situation in s new way, making the
scientificslly sccepted view reaaonable to the student. In order to be
effactive in promoting conceptual change, anslogies may naed to be used
88 a way of helping the atudent construct a new explanstory model of

the target situation.
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Notes

1) It is perhaps mors sccursts to csll this situstion s nicroscoplc
model rsthsr thsn sn snslogy. Howevsr, ths importsnt point here is thst
this situstion ssrvsd ss sn intsrmedisry betwsen the snchor snd the
targst.

2) Hssss (1967) snd Harrs (1972) idsntify two typss of sclentific
sna’ ~gus modsls: 1) A modsl which shsres only its sbstrsct form with
ths turgst (Hssss citss hydrsulic modsls of economic syste. As one
exampls). Such sn snslog:s msy hsppsn to behsvs liks the tsrget csse
snd thsrsfors provids s wsy of prsdicting whst ths tsrget will do.
Hars we csll this sn "expsdisnt snslogy.” 2) A modsl thst hss become
in Hsrrs's tsrms s "csndidste for rsslity,” in which s set of msterisl
fsstures, instssd of only ths sbstract form, is slso hypothesized to be
ths same in the mods]l snd the tsrgst situstion (thsse festures sre
often unobssrvsbls in ths tsrget st tt time). As sn sxample, conslder
the slsstic psrticls modsl for gsssss, 0o which s gss is consi”‘red not
o'y to bshsvs liks billisrd bslls bou.cing sround, but to sctuslly be
)y psrticlss bouncin, sround.

Vs rafsr to ths lsttsr typs of modsl ss sn sxplsnstory model.
Thus sn sxplsnstory mods! is s prsdictivs snslogy in which elements of
the mods]l srs ssen ss bsing in or opsrsting in ths tsrget. Although we
discuss the distinction bstwssn sxpsdisnt snslogiss snd sxplsnstory
modsls ss s dichotomy, this distinction is more likelv s continuum,
with some snsloguss clssrly sxpsdisnt snslogies, some clssrly
sxplsnstory wodsls, snd some with chsrsctsristics of both. Sss Clement
(to sppssr) .or furthsr discussion of thsss issuss.
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Table l: Comparison of a .onditions for
traditionsl approsch to uaing anslogleas

Traditional approach

Goal - conceptusl growth

Student haa little or no
underatanding of target
situation

Student understands the
base altuation

Student accepta that the
analogy relation is sound
(often aimply accepting
the authority of the
teacher or text)

Analogy helps atructure
target sgituation by
relating it to an already
understood aituation

Analogy is presented (e.8.
in text or lecture)

using a bridging approach and a

Bridging

Goal - conceptual change

Student belleves she underavandas
the target aituation

Base situstion (called an
anchor) drava out a valid
physical intuition

Student haa difficulty accepting
that the analogy relation ia
aound

Target already atructured

in student’a mind, but thia
atructure needa to be changed.
Analogy helps atudent restructure
by helping her construct s new
explanatory model of the target
ajtuation.

Student ia engsged in & process

of analogical ressoning (e.g.
tutoring or claaa discuaaion)

'
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