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Abstract

The plausibility of a teaching strategy in physics problem solving is explored. The Another approach, which is complementary to the one just
strategy consists of productively using cognitive resources activated in one problerfit@ntioned, has focused on the spontaneous conceptions with which
solve another problem. The design and data analysis is approached from a manifold@wices address physical situations, and is therefore more attentive to
context-sensitive view of cognition, based on cognitive resources, as proposedIByices’‘as-is” knowledge (MCrosey, 1983, WLuiam, HoLian & STEVe,
RebisH (2004) and wimer et al. (2005). The study consists of an exploratory qualital 983, $HNoTz & Preus, 1997, Dakipov et al, 1997). These studies are
tive phase and a descriptive quantitative phase. A totalphB®&ipants were partof  very useful for the study of problem solving, since such conceptions,
the studywho were students of an introductory physics course majoring in Chemis@yrticularly those that disagree with scientifically accepted knowledge,
at the University level. Results show that: a) different problems correlate with th@uld cause important interference with students’ problem solving in
activation of different resources by the students, and b) the presence of one offHgnal learning environments. Results stemming from these two
problems, in which students spontaneously activate resources that are useful to solp@fspectives have given rise to important curricular developments that
favors reflection and the correct solving of the other problem, in which the resourdi&ve proven useful in improving students’ problem solving behavior
students spontaneously activate are not useful. and conceptual understanding in physicxD¥rRMoTT & REDISH, 1999).

wever, recent work by Sessa & SHerin (1998), Esy (2001), HwvMER

04), Redish (2004), B4Tre et al. (2004), HwiMer et al. (2005), shows
suggestive analysis of students’ reasoning which invite to revise certain
assumptions that have been implicitly or explicitly present in previous
Resumen research. Wvmer (2004), for instance, argues therecanfusion between

Se explora la viabilidad de una estrategia instruccional basada en la utmzaci&henomenology. and ontology. 'In other words, ,he guestipns that Ontology
productiva de recursos cognitivos activados durante la resoluciéon de un problem hat sort thth'ngs do ‘lNe att”blrjlte to StUdeptS minds— is not necessarl!y
para hallar otro. El disefio y la interpretacion de los registros se realizay se basa® gned t,o phenomenology —w at sorts of occurrences do we see In

{Hdents reasoning—. This alignment, he adds, leads to the assertion

recursos a partir de un enfoque multiple y contextualizado de la cognicién, propue; . . "
por RepisH (2004) y Hwmveret al. (2005). El estudio consta de una fase exploratoria{§hat students either have or do not have (as a unit of cognitive structure)

cualitativa y otra descriptiva cuantitativa donde intervienen un total de 33 estudiant%grta'nhcorlcept'or.‘S rigahrdlp]g ph)|/5|_cal phenomena. If th('js Vr\:er?dthe
universitarios de fisica de carreras de ciencias quimicas. Los resultados muest| et edcont,ext In whic pdysrica S|tu?(§|0ns are preﬁented shout brl]Ot
que: a) diferentes problemas correlacionan con la activacion de distintos recursos ect students’ reasoning and they would systematically and invariably

parte de los estudiantes, y b) uno de los problemas, en el que estos sujetos acHvin for example, the conception “force causes motion”, in all situations

espontdneamente recursos que son Utiles para abordarlo, favorece la reflexion WXOlV'ng forces and motions. This is not what is observed.

solucién sobre el otro problema, en el que los recursos que se activan esponténeamen@n .the contrary, an increasing number of studies repor.t On.the
no son Gtiles para abordar su solucion. variability of reasoning and answers given by students to identical

. o . situations presented in different contexts, and even throughout the
Palabras clave:resolucion de problemas en fisica, recursos Cog”'“vosreasoning occurring during the solving of a single situationsiE et

Key wordsphysics problem solving, cognitive resources, electromagnetism, teachi
strategy.

electromagnetismo, estrategia de ensefianza. al., 2004, WARNAKULASOORIYA & Bro, 2003, MeLTzER, 2005). Also, assigning
the status of cognitive entities to the conceptions that students either do
INTRODUCTION or do not have, poses an inconsistency with a constructivist view of

A question that arises within the study of physics problem solving Isarning: when student’s conceptions are in disagreement with
related to the knowledge involved in this process. One approach to thientifically accepted knowledge, how can this student build further
question is that of the research knownexpert-novice differences knowledge based on these conceptions? How is knowledge re-structured
which focuses on the characteristics of the knowledge that experts ugthout necessarily “removing” this conception? These questions are
during the task of solving problems fhbney, 1994). The educational difficult to answer in constructivist fashion.
suggestions derived from this line of research aim at fostering certainThis critical stance regarding a unitary and context-non-sensitive
expert-like habits in students by having them follgpecific action view of cognition -cognitive units correspond to students ideas and
rules (Mestre et al., 1993, Foster 2000, Gneoso et al, 2006). These these ideas are insensitive to the context of the task- has generated a
instructional approaches are basically prescriptive: students’ previogiowing consensus among some physics education researchers that a
knowledge is taken into account in order to be disregarded, and sumhere adequate description of students’ reasoning should be made in
jects’ attention is directed towards options that lead them to mimagher terms. Hvmer (2004), Redish (2004p1 Sessa & SHERIN (1998),bi
expert behavior. Sessa (2004) & Hammer et al. (2005), share a manifold and context-
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sensitive view of cognition -observable cognitive phenomena are thederlying this choice is that students could strongly associate the idea
result of the activation of elementary cognitive elements, and that tho§ equilibrium to problems with springs.
activation is context-sensitive-.AMMER & REeDIsH (0p. cit.), to a great s .
extent based on diSessa’s accounts (op. cit), r(ane gi\zen thege eIer‘r’%a'n(-)u"’ll'tat've apaly5|s ) .
tal cognitive units the name @bgnitive resourcesThese elemental ~ The task designed for this qualitative stage corresponds to the non-
units are the basis on which observable phenomena occur. boldfaced text Ofboth problems in figure 1. Seyen S.tude.nts from an
Etey (2001), for instance, describes an instructional strategy thiittroductory physicscourse volunteered to participate in this stage of
illustrates how useful a resources-based view of cognition can be. Athg study, who had recently passed the course (in which the corre-
part of a class on Newton's third Law, he poses a situation in whichsgonding contents of magnetism had been covered). The aim of the
truck of mas2m rams into a parked car of mass When students are interviews Wa_S tO. find .OUtIWhether problem 2 favored the activation of
asked about the forces exerted by the masses on one another, stud@i@fice and if this activation was an aid to solve problem 1. Students
answer that the force the truck exerts on the car is twice as large asWgge interviewed in two pairs and a group of three, in an informal
one the car exerts on the truck. However, when students are asg&yironment that was not related to the regular course. Students were
about the changes in the speed of both vehicles, students answer itf@fviewed in groups to promote the natural communication among
the change in speed of the car is twice that of the truck. Even thouders that could provide richer verbalizations. The interviewer inter-
these two answers are mutually inconsistent, (in fact only one of thef@ned only to request clarification of ideas. An interpretive analysis of
is in agreement with Newton’s third law), were identified by Elby a$éw cases is carried out in this stage, since the goal is to obtain informa-
corresponding both to the same intuitive notion, which he called “tHon about subjects’ thought processesTier et al, 2008).
car reacts more”, and can be thought of as a resource with which theyParticipants were asked to think aloud, discuss, and answer the ques-
understand the situation. Asked about forces, students tend to ni#®s presented. By the end of the interviews, students were asked to
these resources onto forces, and asked about changes in Speed’c(fﬁa{)are in terms of similarities/differences between both _problems,
same resource is mapped onto this magnitude_ and if after that they would Change the answers they had given.
This example illustrates the way in which a cognitive resourcegroplem 1
based framework naturally accounts for the context-sensitive reasoningA ti th h
observed in students, overcoming the difficulties of a description ip c(tjjrren ! padssefs roug
termsof unique and context-insensitive conceptions. Furthermore,zi‘tfjoln u?ﬂlnghro. otrnas;m
shows how students’ cognitive resources, many of which came f de_ng : prlzonha y ﬁ'
their everyday experience or their prior instruction, far from bein ate |_rf1 a reglgn?/v ehre there
obstacles to learn, are essential tools for building scientifically accur. efa uni orrtn a}n IOSS(')I'h O”Z(é”'
physics knowledge. dm?]gn?_ Ifd IElcs. The ro |
Even though there isn't yet a precise theory in terms of cognitidd * ?1 1€ _areh atf_an angig.
resources to account cognitive phenomena involved in learning physifs@S Snown in the figure.
there are some general ideas that serve as a guide for research and that
have appealing implications for instruction: Consider thati = 0.1 A B = 0.3 T,| = 0.5 m,g =10 m/8 y m =0.00045 kg.

- Students have a collection of cognitive resources, which they hali@ what value off will the rod be in equilibrium?
acquired through everyday experience and prior instruction, af@hose one of the following options, and justify your choice:

their joint activation is what produces toéserved behavior. For 6 such thatsin @ = 0.3
- The activation of resources is context-sensitive. Certain contextsor 8 = 0
“call for” the activation of particular resources. Other

- Cognitive resources are neither correct nor incorrect in themselv&oblem 2
but rather useful or not to approach a given physical situation. | A conducting rod of

- All the resources in a person’s repertoire exist because they hd¢89th | and massm

been useful in some context, otherwise they would not exist 4819S from a spring, of
such. elastic constank, as

The following section describes an empirical study designed on tﬁ%ci)fv(\)/pn:nat:g ggﬁrset'aﬁt

basis of the theoretical framework just described. In this study, ”ﬁ‘?agnetic fieldB exists
feasibility of an instructional proposal is explored. The aim of this iny, “{he space in which x
structional approach is to make use of the cognitive resources that 04 is placed. Bot
students activate when solving one problem and to favor the productiyg (o4 and the field lie
use of these resources when the same students solve another prc th'fhe horizontal plane.

THE STUDY

. . .| a) Given thak = 4,5 N/m andn = 0,00045 kg, how much was the spring stretched when
In a previous study, some cognitive resources that students acti !

h a . ! - od was hung on its end?
while solving two ray-optics and two E&M problems were identified ) ) I .
(BuTeLER & CoLeon, 2006). One of the problems in this study consiste"°0se one of the following options, and justify your choice:
in asking the angle between a conducting rod, through which a curreht=0.001m
was passing, and an external, constant, magnetic field, lying both on the=om
same plane, for which the rod would be in equilibrium. This problem iéther
the first part of problem 1, shown in figure 1 (non-boldfaced text). Mar% i . )
students activated a resource which was given the religement _now_acyrrentpaisesthroughtherod,whatW|II happen to the spring, compared to the
which mapped onto the rod and the magnetic field turn out the rod is in Stuationinparta)? o _
equilibrium when it is aligned with the direction of the magnetic fieldChose one of the following options, and justify your choice:
This resource, which is unproductive to address this situation, is usefilihe spring does not stretch or shrink, and the rod aligns with the  Bfield
for instance, to address the interactions between magnetic and elecifi spring stretches less than when no current passed through the  rod.
dipolar moments and magnetic and electric fields respectively. h
resource that would be useful to address this situation, however, | ther
balance(Hammer et al, op. cit.), according to which, the effect of one Figure 1
agent is cancelled by that of another agent. Mapped onto forces, this = .
resource can provide a correct description for the equilibrium of the r&epalitative outcomes
in the presence of the magnetic field. On the basis of these findings, arhe verbalizations for the three groups of students solving the task
situation similar to the previous one was designed, but with the potenti@rresponding to the qualitative stage (non-boldfaced text of problems
of inducing the activation of thealanceresource. The problem proposed1 and 2) are analyzed following the tradition of case study methodology
corresponds to the non-boldfaced text of problem 2 in figure 1. The idfam qualitative research. The idea is to analyze a small number of
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students’ verbalizations to develop case studies: rich, detailed desciiterpretations were about when and where a particular cognitive re-
tions of student reasoning in each episode. The selected episodessatece is activated. Figure 2 shows representative excerpts from these
the result of a negotiation between independent interpretations carrfgdtocols corresponding to three different moments: solving problem 1,

out by three researchers (two of them are the authors of this study). Beéving problem 2, and comparison of both problems.

Group 1: Ana and Guillermo Group 2: Nadia and Mauricio Group 3: Valeria, Dario and Gustavo
G: ok, this is gonna turn until it aligns with N: well... it asks for which value of the angle the rod G: 1I'd say... the rod will place itself like the field
the field... will be in equilibrium... well... when the angle is V  andD: sure, its gonna align with the field
A: yeah, | mean, this rod is gonna go up... zero... G: until it reaches zero degrees
G: (reads the question)what is “g"?!...for M: ‘course... V: it will align because there will be a torque that makes it
zero degrees!! N: but if we put this(the rod)ike this (aligned with the align... and for what value of theta will it be in
A: but the force...wasn't it upward? field)... I don’t know... I'm thinking some formula equilibtrium... well for zero degrees!
G: cause it is aligned with the field... theta is that can tell me... G: right... and then there’s no force any more
— zero... Interviewer (1): Something bothering you about
£ | A:. That way, there won't be any force... theta being zero?
2| Ay G: The force is... times the sine of theta..| M: ... well, no... ‘cause it won’t be in equilibrium be-
-g A: but... then we got it all wrong! The rod goes cause of the force of the external field...
5: up! It doesn’t align with the field! N: that force, isn't iti times| times the field times the
G: right...that's why we chose theta equal zefo sine of the angle?
so that the rod is in equilibrium... M : yeah, times the sine of the angle...
A: but there is still gravity... but then... the N: ... well then if the angle is zero, the force is zero...
rod... falls! so... yeah, same thing... that's the answer
G: ok, wait... let me see... oh! So then there’s an
opposite force pointing up, and equal tp
the weight...
A: oh, its the same problem, only that besidesN: now... they’'re two very different things, the force V: ..its the same as before, only there's a spring there... well,
—_ gravity there’s the force of the spring... what the spring is gonna make and the one that the figld | don't know if the angle is the same, but its the same prop-
= was that like? is going to exert... lem
£ | G: yeah, gravity balances off the force of the I: why are they different? G: (reading the first questiomjhat was the formula?
g spring... its supposed to be in equilibrium, N: | don’t know! They're just different{laughing) V: ..the formula for the spring.(laughs)-k times Ax... times
f=2 it doesn’t move... M : the one of the spring is upward, and the force of the how much it is stretched...
~ field... D: ..its the force oposed to weight... | mean... the force the spring
= N: wait, no!! if there’s no current, then there’s no field does on the rod counteracts the force...
= forcel!!
-g M ahh!l... well all right, then... then I'd compute the
- weight and that'd be the force the rod does on the
R~ spring...
N: right...
G: well... depends on the sense the currentN: ok .... well... the same thing we did already... butV: well, what we said before, there’s going to be a torque ard
goes... if its like before, the spring goes up, now there’s going to be a force... its going to be in line with the field... ehh...oh, but now.|.
= it shrinks a bit M: right, in that direction(aligning the rod with the | G: the spring will get twisted like thialigning rod with field)
A: so then Ax decreases field) D: the spring was already in equilibrium, and now the rog
E G: and if it goes the other way it stretchgs N: no! But you don’'t know which way the current is will turn ‘cause there is a torque that aligns (With the
= further down... going! field)
: M if its like before... its that way V: right, the spring stretches and the rod turns...
N: well, then...its gonna be that wgupward)..no...let
g me see... that wagaligning rod with field)
© 1. ok... we have the field, the rod, the current...
= M : and there’s... the current is like it was before... and
2 the field that it will generate(used right-hand
A~ rule)... an upward force...
N: so the spring will be less stretched... ‘cause its like
the field is helping the spring to hold the rod
G: its the same, | mean this drawing is the sameM : well... if the angle is the same, then you'll have thel: Do you see anything that is similar between both proh-
as this one(the graphs of both problems) same force... lems?
because the force the field does in the sameN: ... the thing is that... D: well... equilibrium in the first one is given by the torque
problem is the same one the spring does|inM : .... in the first one we considered the angle to be that makes it align with the field, and in the other one, b)
the first question of the second one... zero so that it would be in equilibrium... the spring force that counteracts the weigimeaning 2a)
1. would you change any of the answers? I: and what about item 2b?
N: in the second problem we compared the force pfG andV: there they are even more alike...
the spring with the force... the weight... and thenG: that is, if we include the current, this one will align like in
with the force of the current... which is... upward.|. the first one, ‘cause this angle here is the same...
I: and in the first problem? I: these two rods, of the two problems, are they the same? Do
N: ...the one done by the current... also upward!! they have the same mass?
M: yes!! upward!! V, D andG: yes!
I is that what you said before? D: ...to me, it couldn’t just be there because there's the force
= N: no, | mean.. the first item in problem 1 would be| “weight” that pulls it down..
2 similar to the second one of problem 2, just withV: right! This couldn’t just stay thete
s the difference that in the first problem there’'s np D: there has GOT to be a force counteracting the weight so
g_ spring... that there’'s equilibrium...
= V: so in this problem(1) what happens is not what we said..
) the bar goes down... c’cause | don't think the field is like.|.
&} pulling it up, right?
G: ...the field generates a force on the conductor... and well}..
if this turns like this(alignment)..
I: How would y
there?
V: | don’'t remember the formula for the torque...
I: the torque on what?
V: ..on the rod... no! I'm mixing up with the stuff about coils!
G: oh!l the torque is for coils... its for coils, not for rods!!
V: nothing to do with this!...its really not the same thing!!
I:  so would you answer the same as before in problem 17
G, V andD: no
Figure 2
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Problem 1 The task was carried out by 26 students of the same course as in the

Guillermo addresses problem 1 with alignment mapped onto the rBEeVious stage, corresponding to the following cohort. It was included
and the external field. Alignment is apparently reinforced noting that @ One of the regular tests the students had to pass within the course.
& = 0, the magnetic force is zero and therefore there is equilibriumy. The aim of this second stage was to statistically corroborate some of
Only when Ana —who might even have activated balance right from trlﬂée tendencies observed in the previous stage. The answers given by
beginning— mentions gravity, Guillermo activates balance to undef@ch of the 26 participants in the study were analyzed in order to study
stand the situation. The activation of alignment is unstable, and tHte relation between the context of each problem and the cognitive
activation of balance seems to take over not only to understand présources activated. According to the characteristics of the sample
lem 1, but also for problem 2. From this point on, both problems akhder consideration, non-parametric statistics tools were used. '
successfully solved. The data collected through the written task were interpreted to identify

In order to understand problem 1, Nadia and Mauricio seen to halft® resources activated. Following the findings in the previous
activated alignment. As Guillermo, the activation of this resource gXploratory stage, the task was designed so that all of students’ answers
apparently reinforced by the formula of magnetic forces on currents GQuld be associated to the activation of one of these resources. This
magnetic fields. Gustavo, Valeria and Dario also seem to activak’é‘f:ls done by considering the option picked by each student (among the
alignment in problem 1, and reinforce this idea with the aid of a torqdi@d'€€ typed in boldface, figure 2) and the justification given. For instance,
that, acting on the rod, will lead to its alignment. In the case of these tRtFKing the first option in problem 1e(such thatsin € = 0.3 was
groups, theactivation of alignment is apparently more stable than in th@SSigned to the activation of balance, unless contradicted by the
case of Ana and Guillermo, since this activation persists throughout dhgtification given. Picking the second optiod £ 0°), was assigned to
solving of the whole problem. the activation of alignment, unless otheryvlscg |nd|c’§ted in the justification.

Even though there are differences in stability, and in the ways 4SO the justifications give for the option “other” were also analyzed,
activation is reinforced, the resource of alignment is present in all t§Signing this option to the activation of either of the resources

cases reported above. mentioned. Analogously, options and justifications for the second
problem were also assigned to the activation of either balance or
Problem 2 alignment for item a, and to balance and/or alignment for item b. The

All the subjects activate balance to understand item “a” of this probesults of this assignment are shown in Table 1.
lem. The “agents” that balance each other out are mapped onto the

elastic force of the spring and to the weight of the rod. Table 1

In item “b” of problem 2, Ana and Guillermo, as well as Valeria,
Dario and Gustavo, respond on the basis of the same resources acti- Problem 1 Problem 2
vated to answer item 1 and 2a, thus giving an answer that is the juxtaR@s ment 14 6 20
sition of their preceding responses. Ana and Guillermo answer in term
of balance, and Valeria, Dario and Gustavo in terms of balance afgance 12 26 B
alignment. The excerpts of Nadia and Mauricio show something dif- 26 32 58

ferent. At the beginning they evidence the activation of both alignment

and balance, but after the intervention of the interviewer, their respong&sforming a Chi square() test, a result above the critical value was
show only the activation of balance. Although it is possible that theytained §2=7.87 withx? = 6.64, for s = 0.01) and thus an association
interviewer’s intervention could have biased students” behavior, tms corroborated betwecen the vcontext of pr0b|ems and resources acti-

chances that this is the case is low, attending to the fact that othgjted: problem 1 is associated with the activation of alignment and
similar interventions with these and other students did not alter thgjfoplem 2 with the activation of balance.

reasoning.
Comparison of both problems DISCUSSION AND PERSPECTIVES

Comparison of both problems produces confusion in students when-This study (qualitative and quantitative stages) replicates findings
ever any of their prior answers were based on the activation of alighiso obtained in previous work ¢EeLer & CoLeoni, op. cit.), regarding
ment mapped onto the rod and the direction of the magnetic field. Thize activation of alignment when addressing problem 1. This replica-
is not the case of Ana and Guillermo, who understand this probletign has appealing implications, instruction-wise, due to the regularity
almost from the beginning, in terms of balance. Nadia and Mauricigith which it occurs and also because, although incorrect as a whole, it
appear confused for a short period of time, and make an attemptréyeals the existence of “pieces” of knowledge which are correct. An
reconcile the answers given in problem 1 with that of item b of probleanswer based on the activation of alignment may not implicate that a
2. They overcome this confusion when the activation of balance takgigident ignores the interaction between electric currents magnetic fields.
over and alignment is apparently no longer activated. These sarie results from the first exploratory stage indicate that some of these
students experienced a state of confusion prior to this, when solviaudents correctly describe the magnetic force experienced by a con-
item b of problem 2, while the resource alignment was activated. Péltictor carrying an electric currentin the presence of a uniform mag-
haps these students had already compared both situations, while sogtic fieldB (F =i | B). In cases such as these, the following question
ing item b of problem 2, without explicitly verbalizing this. is in order: what is it that students don't know when they answer that the

The greatest state of confusion observed is that of Valeria, Dartied aligns with the direction of the magnetic field? This is a particularly
and Gustavo as they compare both problems. When the intervievigteresting question, since problems such as Problem 1 can be found at
asks if the masses of both rods are the same, they begin to doubt tisirend of the chapter dealing with magnetism of most university-level
answer to Problem 1 because they notice the existence of the weilgixtbooks. Knowing the source of students’ mistakes can be a very
and their verbalizations evidence the activation of balance. The dottégeful tool to build evaluation criteria.
line in the far right column of figure 2 represents a fairly long portion of As for the benefits problem 2 can offer for the solving of problem 1,
these students’ protocol, in which they make an unsuccessful atteriigsé seen in the qualitative stage, and confirmed througtxitest of the
to compute the torque applied on the rod through the computation op@cond stage, that the context of this problem is associated with the
magnetic moment which they believe could lead them to find a forcactivation of balance. This evidence supports the idea that the problem
The interviewer leads their attention to what they are attempting to de,effective in achieving one of the goals of the teaching strategy pro-
and they realize that they have calculated torque on currents circulatp@ged in this study. It is thus possible to conclude that problem 2 is
in closed coils, and this seems to hint them to abandon the ideaéfficient to induce the activation of the balance resource.
alignment and from then on they arrive at an adequate description ofThe other issue addressed in this study is whether this activation
the problem in terms of balance. favors confusion and discussion of the situation of problem 1, and fur-

o . thermore, if this process helps students accomplish the solving task
A- Quantltatlvg analysis ) ) ) _successfully. Thep protocols ?rom the interviewsp show that at gome

On the basis of the results obtained in the previous stage, a writigdint of the solving process, the activation of alignment conflicts with
task was designed which corresponds to the complete problem state- existence of the weight of the rod. In the case of Nadia and Mauricio,
ments shown in figure 2 (the non-boldfaced text as in the previodse conflict appears naturally even before the interviewer cues students
stage, plus the three items added to each problem, typed in boldfage)compare both problems. From this point on, the process takes stu-
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dents to a successful solution. In the case of Valeria, Dario and GustaWasessa A. & SHeriN, B. What changes in conceptual chanigévnational Journal of

this confusion arises after the interviewer explicitly asks them to com- Science Educatio20(10), 1155-1191, 1998.

pare the problems, and persists until almost the end of the interviewsSessa A. How should we go about attributing knowledge to students? In E. Redish and

together with the activation of alignment. They arrive at a successful M. Vicentini (eds.)Proceedings of the Enrico Fermi Summer Sci®mtieta Italiana

solution after several interventions from the researcher who questions diFisica, Bologna, 117-135, 2004.

them on their reasoning. Eisy, A. Helping physics students learn about learnimgerican Journal of PhysicRER
The results allow the conclusion that the comparison of both prob- Supplement9(7), s54-s59, 2001.

lems favors confusion about problem 1, regarding alignment. The valBester T. The development of student problem-solving skills from instruction empha-

of this state of confusion lies in the fact that this is a legitimate confusion sizing qualitative problem solving. PhD dissertation, Minnesota University, (un-

students face due to the conflict between two ideas of their own, and not published), 2000.

one of theirs and another one stemming from an authority (as in tBencosq Z; Movano, T.; BUTELER, L.; CoLeony, E. & GatToni, A. Teaching strategies for

case of a textbook or a teacher). Solving this contradiction provides the physics problem solving: relations to student performalmenal of Science Edu-

student with a chance of making sense of the knowledge being learned. cation 7(2), 98-101, 2006.

CONCLUSIONS Hawmmer, D. Variability of knowledge and reasoning. In E. Redish and M. Vicentini (eds.),

Proceedings of the Enrico Fermi Summer Sct®otieta Italiana di Fisica, Bologna,
In more general terms, these results suggest that those problems that321_340’ 2004.

are simple for students (Suc.h as the one of a rod hanging from a S.priﬂﬁ)\MER, D.; BBy, A;; ScHERRR. & Repish, E. Resources, framing and transfer. In J.
can be used to help them flgure out others that are us_uaI_Iy less simple, Mestre (ed.)Transfer of Learning from a Modern Multidisciplinary Perspective
such as the one of the rod in the presence of a magnetic field. A strategy | simation Age Publishing, Greenwich, CT, 89-119, 2005.

such as this one provides the opportunity fo.r students to make US€yil) onev, D. Research on problem solving: physics. In D. Gabel (edrjdbook on Re-
one context, of the resources they have avalla_ble, but naturally a(.:t'va € search of Science Teaching and Learnidg Millan Publishing Company, NY,
in others. At the same time, and also of benefit for students learning to 327-354 1994

solve physics problems, it provides them with the opportunity to sol\fﬁ ' '
contradictions generated by conflicting ideas of their own and which™ ™| £ 'NJ 299324 1983,

they are therefore willing to reconcile. _Although th_e I'm!tEd Size of t.hﬁ/IcDERMOTT, L. & RepisH, J. Resource letter PER-1: Physics education reséari-
sample only allows conclusions regarding the subjects interviewed, it'IS™ ., j0umal of Physic67, 755-767, 1999.

helpful to Improve our_understandlng of the knowledge that stude L7zeR, D. Relations between students’ problem-solving performance and representa-
make use of Wh”.e SO'V”.‘Q ph_ySICS prOblemS’. and. pO_SSIble ways to take tional format American Journal of Physic83, 463-478, 2005.

advangagt]ﬁ of it, lltnstructlongmtlrl]se. Asdf(zr t.he m:phctat'g]ns folr fyturte éeMFS]'RE, J. The dependence of knowledge deployment on context among physics novice.
search, the resulls suggest the need 10 investigate the role In SWAents |, e redish and M. Vicentini (edsPxoceedings of the Enrico Fermi Summer School
physics learning of situations used during instruction. Societa Italiana di Fisica, Bologna, 367-408, 2004.

Footnotes MesTrg J.; DuFresNE R.; Gerace, W.; HarpivAN, P. & Tonger J. Promoting skilled

Partial results were presented at the 2007 Foundations and Fron- Problem-solving behavior among beginning physics studénisnal of Research
tiers in Physics Education Research Conference (FFPER), Bar N Science Teaching0(3), 303-317, 1993.

cCLosEey, M. Naive theories of motion. In D. Gentner y A. Stevens (ddental Models.

Harbor, Maine, USA. epist, E. A theorical framework for physics education research: modeling student thinking.
In E. Redish and M. Vicentini (edyoceedings of the Enrico Fermi Summer School
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