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Abstract Different teachers use different strategies when posing, solving and
Assessing problem solving in their Physics classes. These differences are

Thi ts th Its of lorat ject that studies the relati ; L g
IS PAPST reports "Me resuts of an exploratoly project tha: studies e rerat atonly seen in the emphasis given to particular phases of the process, but

between teaching strategies in Physics problem-solving and the students’ perform h :
of this task. The rationale for the study is based on previous research on expert—nogir? in the rol_e chosen _by _the teacher in the C'*’?‘SS_room-
Physics problem-solving. The work was carried out in two parallel Physics courses for d"a.”ces In .the definition of performance Indlcat.ors‘ as well as of
pre-service teachers. Results show that certain characteristics of theirteachers’ﬁﬂptorS mﬂuenc!ng them would therefore re_present |mpo_rtant IOQI.S for
struction models are reflected in the way that students solve problems. teachers, _espeCIaIIy when these faCt‘?f.S. are linked to_ possible decisions to

) } } ) be taken in the classroom. The possibility of generating explanatory mod-
KeywordsPhysms problem solving, teaching strategies, student performance, expeifé for student performance in Physics classrooms enhances the design of
novice problem solvers. teaching strategies aimed at achieving specific instructional goals.

This work studies the relation between “strategies employed by teach-

Resumen ers” and “student performance” in Physics problem solving. The study
El presente trabajo refleja los resultados de un estudio exploratorio que apuntdV@S carried out in a pre-service teacher-training institution in the province
estudiar la relacién entre estrategias de ensefianza en resolucion de problema@bF0rdoba (Argentina). A reason for this choice was that it provided an
fisicay el desempefio de los estudiantes en esa tarea. El trabajo fue llevado a catP@Iprtunity to interact with those who train pre-service teachers with re-
dos cursos paralelos de fisica para estudiantes de la carrera de profesorado®¥d t0 issues concerning Physics Education Research.
matematica. Los resultados muestran que ciertas caracteristicas de los modelos
instruccionales del docente se ven reflejadas en la manera como los alumnos resudRAT IONALE AND BACKGROUND

problemas. Studies analyzing the differences in problem-solving performance be-
Palabras claveresolucién de problemas, fisica, estrategias de ensefianza, desempgfieen experts and novices assume that there are stages in the solving

de los alumnos, estudiantes expertos/novatos. process. The description of such stages does not vary too much among
different authors. Representative of these is the description furnished by
INTRODUCTION Mc DermMoTT & LARKIN (1978) and Mioney (1994), who suggest that the

N ) ) ) ] _process of solving Physics problems consists of the following stages:
Problem solving is a widely used instructional strategy in Physics

courses. Often, problems are used as a means of evaluation, and therefo ;
the students pay a great deal of attention to this activity. Nevertheless, thgead.mg the problem statement. o
results that they attain are often below the teachers’ expectations. ~ * Drawing a sketch of the problem situation.
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* Qualitative analysis, which results in a representation containing 4
stract physics entities.

» Generation of equations.

QS the situation represented

using plots, sketches, etc.?

Room B: teacher some -
times gives suggestions
such as “read carefully,

draw a sketch.

Chi et al (1982) describe the structure of the representation stemmi
from the third stage (qualitative analysis) as a semantic network contain

ng
g
Ngthe goal of the problem

certain elements and relations between them. The construction of this :Igpi"diwwd explicitly?

resentation is helpful, and even necessary for the solver, for several

sons:

« It provides a basis for generating the equations describing the physi
interrelations among the different variables involved in the situation.

« It provides a model that can be used to check for possible errors.

« It provides a concise and global description of the problem and
important features.

* It permits direct inferences to be drawn about certain features and

interrelations that are not explicit in the problem statement.

On this basis, several authors infer that it is this representation that, t
great extent, guides the problem solving processx{k, 1983,0e JonG &

FercusonHEssLER 1991, SveLsBERGH et al, 2002).
NatHan et al. (1992) go further in the study of this representation fo

the case of algebra word-problems. They propose a differentiation he-

tween the mere representation of events,stheation modeland another

representation that is constructed with the formal relations in mind, t
problem modelThe problem model captures the algebra problem stru
ture. Its most important feature is that it allows for quantitative predictior
whereas a situation model can only provide qualitative ones. In order
generate this representation, the subjects must incorporate specific m

ematical knowledge in a meaningful way.

With these considerations in mind, it is of interest to analyze some

characteristics of the teaching strategies for Physics problem solving,

such as:

- Do the strategies employed in teaching Physics problem solving fayor

the construction of an internal representation by the students? If s
how is this done?

- How do the teaching strategies favor the coherence between a rep

sentation such as the one described above and generating equatio

THE STUDY

Sixteen classes were observed in two parallel classrooms, correspd
ing to a General Physics course for pre-service teachers in a teacher t
ing institution. The topics dealt with were Mechanics and Optics, in one
the classrooms, and Mechanics, in the other.

On the basis of the stages described above, a grid was constructe
guide observations. This tool was used to gather information about {
characteristics of the teaching strategies set forth in each of the classrog

Likewise, with the aim of exploring the relation between the strategi

observed and the corresponding student performance, a problem-soly
activity was designed for both classrooms. This activity was presented
the students at the end of the observation period. Student performance
assessed by the analysis of the written records which they produced.

DATA ANALYSIS

Class observations
The grid presented below was used for class observations. It is poss

to identify some similarities and differences between the teaching stra|
gies employed in each of the classrooms observed.

Table 1

Grid for class observations

Classroom A Classroom B

@ II Analysis of the Yes No Some Yes No Some Teacher role,
Cé eoretical framework times times interactive relations.
Observations
Is there an explicit X X Room A: Mentioned in
tsmemion of the laws and terms of equations and
principles related to the highlighting functional
situation? characteristics.
he
Is there an analysis of the X X Room A: Teacher
b validity of the conditions points out whether with
for these principles? or without friction.
Is the applicable principle X X
explicitly selected?
Is an estimate of the X X Room A: values that
Ne results performed in cannot be obtained are
c- advance? explicitly mentioned.
s There is an analysis of
to the possible sign of the
ath' results.
III Planning of the Yes No Some Yes | No Some Teacher role,
solving procedure times times interactive relations.
Observations
Is there a previous X X
decision about the steps to
Obe taken and the order in
which they will be
re- performed?
ID’.’
IV  Numerical Solution | Yes No Some Yes No Some Teacher role,
times times interactive relations.
Observations
nd-
QN5 there an explicit x x Room A: (kinematics
O Iection of formulas to be all formulas known &
used?
the students are pr
d to sented and the mo
he convenient is selectd
ms. from among them.
S
IQg variables linked to the X X
to data available and
WaShumerical values
substituted?
Is there a decision as to X X Units are used in both
the unit system to be classrooms,  although
used? the system used is not
explained.
ble
t€%ic the units of the result x x Units are not used as a
checked? first possible instance
for control of results, in
either classroom.
V  Analysis and Yes No Some Yes No Some Teacher role,
verification of results times times interactive relations.

Observations

Are results compared for
coherence with previous

estimates?

Room A: sigs of resullts|
are estimated in kine
matics although not in|
the applications of
Newtons Laws.

I Understanding of the Teacher role,
Yes No Some Yes | No Some
situation i . interactive relations.
times times
Observations
Is the problem re- X X Room A: sometimes
expressed in other terms? done by teacher; others
done by a student.
Is the problem explained x x Room A: insistence on
in qualitative terms? qualitative information
in problem statement.

Are particular cases

analyzed?
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Differences between classrooms can be observed in the stages correroblem 2
sponding to the comprehension of the situation, analysis of the theoretical cylindrical rod is made of glass with refraction index n. The value of n is such that
framework and planning of the solving procedure. There are explicit adt light rays entering the cylinder through one of its ends are always reflected on the
tions taken in room A (and not in room B) that could favor these stagesiafide surfaces. A monochromatic light ray enters the rod through one of its ends, as
the solving process. The strategies observed in both classes produeeéidated in the figure.
similar results with regard to the numerical solution stage. Both teachejsndicate the path of the light ray within the cylinder by drawing a sketch. Explain
are explicit about substituting numerical values or data into the corre-the characteristics of this sketch.
sponding mat.hematlcal formulae and. in computing the cor_respondlng B? ompute the value of the angles corresponding to the subsequent reflections of this
sults. Regarding control, the teacher in classroom A occasionally engagegi ray, assuming n=1.52 and taking the incidence angle as 45°.

in specific considerations regarding the plausibility of a result (as, for
exarglple the sign of a Certaingvalueg)J P y ( ¢) Discuss the behavior of light rays in another rod of the same size and shape, built

L with a material of index n’ (n’ < n).
Activities presented to students

Different contents were taught in the two classrooms during the periodThe indicators considered were valued on a three-level ordinal scale:
observed and therefore, the instruments developed were designed onaltiys (examination papers show evidence of the indicator in both prob-
basis of different specific contehtsThese were used to evaluate the centems), sometimegevidence found in only one of the problems), arster
tral aspects of the students’ performance. o (evidence not found in either problem).

Two paper-and-pencil tasks, presenting two problem situations, wereThe indicator “Vector representation of the relevant Physics quantities
posed to the students. These written responses were analyzed accordingviived” can only be considered in the first problem of either activity, and
the degr_ee of occurrence of the following elements (taken as indicatorsitgdrefore it was evaluated solely on the basis of this problem.
the solving process stages): The information obtained from the analysis of this activity is summa-

) rized in the following graphs.
» Change of external representation
» Vector representation of the relevant Physics quantities involved 100
* Qualitative description
» Recall of problem schemas

- Qualitative statement of the physical principles and/or laws involve
in the solution of the problem

- Mathematical formulation of the former

- Application of these principles and/or laws =c s S
» Control of the results obtained (Are the students able to check their 0 S5 = g O Abvays
wor k‘?) B Sometimes
The activities posed to students of classrooms A and B are shown Evever
below:
Figure 1: Results for the activity presented to group A.
ClassroomA
Problem 1
A sled of mass M=25 kg is pulled upward by means of a cable connected to
engine, on a 30° frictionless inclined plane.
The sled moves with constant speed of 5 m/s.
a) Draw the forces acting on the sled
b) Compute the magnitude of the force that the cable exerts on the sled.
When the sled is 5m above the ground, the cable is cut. From this instant on: L3
c) Describe the movement of the sled, qualitatively describing its characteristics . . ‘g §
d) Compute the time elapsed from the instant the cable is cut until the sled reaches 3 f%% -
base of the incline. K B Abvays
B Sometimes
e) Plot sled speed as a function of time. Indicate the time intervals chosen for the p wa,:

Problem 2

A 1 kg ball is thrown vertically upward with an Ek = 50 J. At the highest point i
the trajectory its potential energy has increased by 45 J.

a) Is it possible to assure that there have/have not been friction forces acting on

the ball? In either case, justify your answer. Some characteristics observed in each grou
b)  Under what conditions could the potential energy of the ball have bee&assroomA group

increased by exactly 50 J when reaching the highest point in its trajectory? L. .
c) Choose an appropriate scale and draw a qualitative plot of the ball's potential _The exam'nat'on papers show that students ha\./e gone t.hIfOUQh a q“’?""
energy as a function of height during all of its movement. tative description stage (more than 70% of the subjects explicitly show this
in at least one of the problems). Also, the physics laws involved are explic-
Classroom B ity mentioned in the solutions (more than 50% of the subjects state them in
Problem 1 both the problems). In the same ratio, it was observed that students apply
A sled of mass m=25 kg is at rest at the base ofdridfionless inclined plane. At these la_WS in either or both Of_ the prolc_)lems. Although the mathemat'cal
t=0 an engine starts pulling it upward by means of a cable, exerting a constant forcef%rﬂnu'at'on _for_ bOth problems is found in only a small PrOpomon Of. the
the sled, parallel to the plane surface, of magnitude F=200 N, during 5 seconds. papers, a significant number of these (~SQ%) show ewdence of this for-
a) Draw the forces acting on the sled. mulation for at least one of the problems. It is also worth noting that almost
40% of the subjects explicitly check their work in at least one of the

rf:igure 2: Results for the activities presented to group B.

b) Compute the variation of the sled's linear momentum during these 5 s. problems. This observation is interesting, since, according to the theoreti-
At t = 5s the cable breaks. Starting at this instant: cal guidelines adopted; this sort of control is possible only if the subject
¢) Qualitatively describe the movement of the sled. has previously gone through a qualitative description stage.

d) Compute the total variation of linear momentum of the sled from the time the cable Classroom B

's cut until the sled reaches the base of the incline. A high percentage of the examination papers corresponding to group B
f) Plot the sled speed as a function of time. Indicate the time intervals chosen for #lgow that the subjects have gone through a change-of-representation stage
plot.
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(evidence found in 90% of the cases for at least one of the problems). AlsoAs described above, different instructional models used in classrooms
these papers show evidence of a mathematical formulation of the phydiese an influence on the characteristics of the students’ performance in
principles involved (evidence found in almost 90% of the cases for at legsbblem solving activities. Students learn a problem solving model, even if
one of the problems). Subjects in this group do not show evidence oft & not taught explicitly. The present results illustrate the relevance that
gualitative description stage in their written solutions (except for a 10%aching strategies used for physics problem solving have for the students’
minority, who explicitly show this stage for one of the problems). It i¢earning process. In this sense, the perspective is promising for the contin-
noteworthy that no evidence was found either for the explicit mention oéd study of teaching strategies that could prove to be effective in improv-
physics principles or for the control of results. ing student performance in the task of physics problem solving.
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