
Pregunta 13a - Test SS-I
Considere una part́ıcula puntual de masa m que sólo puede moverse en

una dimensión, y cuya posición viene dada por la coordenada x . La

enerǵıa mecánica total de la part́ıcula consiste de sólo dos partes: una

enerǵıa cinética de traslación y una enerǵıa potencial, que es función de la

coordenada espacial x . La dependencia espacial de dicha enerǵıa potencial

se representa en detalle por medio de la curva cont́ınua de trazo grueso de

la siguiente figura.

TABLE 1. Student populations and the formats of the
questions that were administered.

Population Question format N

121 Multiple choice final exam 165;183
123 Individual student interviews 8
123 Online, ungraded quiz 152
123 Honors Written, ungraded quiz 34

the kinetic energy is given by the difference between
the total and potential energies. Thus, if the particle
were traveling in the positive x–direction it would be
slowing down, while if the particle were traveling in
the negative x–direction it would be speeding up. Both
motions correspond to acceleration in the negative x–
direction. Alternatively, students can use the relation F =
�dU/dx and Newton’s second law. The direction of the
velocity of the particle cannot be determined.
In question 2, students are shown two additional

graphs and asked which, if either, can represent the same
motion as the original graph. To answer, students can rec-
ognize that only graph II has the same kinetic energy at
each point as the original graph. Thus, only graph II can
correspond to the same motion.
In question 3, which was used only during the inter-

views, students are given a potential energy diagram and
told the particle is released from rest at x = 23 m. They
are then asked to describe the subsequent motion of the
particle. In order to answer, students can recognize that
since the particle is released from rest, the total energy
is equal to the potential energy at that position (i.e., 2 J).
Since the slope is positive at the starting position there is
a force in the negative direction. Thus, the particle will
start to move in that direction. Students can then use con-
servation of energy to determine that at x = 15 m the
particle would obtain a maximum kinetic energy of 5 J
(= 2 J�(�3 J)) before turning around at x= 7 m, where
the kinetic energy is again equal to zero.

IDENTIFICATION OF SPECIFIC
DIFFICULTIES

Many students had difficulty in answering each of the
questions discussed in the previous section. Some of the
problems seemed to be associated with their ability to ex-
tract kinematic information from a potential energy di-
agram. Others were related to student ideas about total
energy or about potential energy, especially when it is
negative. In this section, we discuss some of the more
common difficulties. The level of instruction and the for-
mats of the questions varied significantly, therefore we
do not compare the percentages of correct and incorrect
responses among the various populations.
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Question 1a: What is the direction of the acceleration 
of the particle at x = 6 cm?
Question 1b: What is the direction of the velocity 
of the particle at x = 8 cm?
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Question 2: Which, if either, of these two graphs
could represent the same physical system as that in 
question 1 and have the particle undergo the same
motion (i.e., have the same speed at every position)? 
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Question 3: A particle is released from rest at x = 23 m.
Describe the subsequent motion of the particle.

FIGURE 1. Examples of questions administered to students.

Difficulties related to kinematic quantities

Many of the errors that students made on each of
the questions seemed to be related to their ability to in-
fer kinematic quantities from potential energy diagrams.
These are discussed below. Difficulties related to student
understanding of kinematic concepts (e.g., confusing ve-
locity and acceleration) are not discussed since they are
documented extensively elsewhere [13].
Belief that potential energy diagrams represent mo-
tion only in the positive x–direction
Early in the investigation, we asked question 1a, about

the direction of acceleration of the particle, but not
the corresponding question about velocity (question 1b).
Many of the explanations were based explicitly on mo-
tion only in the positive x–direction. For example, “[the
acceleration is in the] negative-x direction. It is moving
in +x direction, but gaining Potential E, [therefore] los-
ing KE, [e.g.,] slowing down.” Although students often
obtained the correct answer, many seemed to believe that
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Pregunta 13a - Test SS-I (continuación)

TABLE 1. Student populations and the formats of the
questions that were administered.

Population Question format N

121 Multiple choice final exam 165;183
123 Individual student interviews 8
123 Online, ungraded quiz 152
123 Honors Written, ungraded quiz 34

the kinetic energy is given by the difference between
the total and potential energies. Thus, if the particle
were traveling in the positive x–direction it would be
slowing down, while if the particle were traveling in
the negative x–direction it would be speeding up. Both
motions correspond to acceleration in the negative x–
direction. Alternatively, students can use the relation F =
�dU/dx and Newton’s second law. The direction of the
velocity of the particle cannot be determined.
In question 2, students are shown two additional

graphs and asked which, if either, can represent the same
motion as the original graph. To answer, students can rec-
ognize that only graph II has the same kinetic energy at
each point as the original graph. Thus, only graph II can
correspond to the same motion.
In question 3, which was used only during the inter-

views, students are given a potential energy diagram and
told the particle is released from rest at x = 23 m. They
are then asked to describe the subsequent motion of the
particle. In order to answer, students can recognize that
since the particle is released from rest, the total energy
is equal to the potential energy at that position (i.e., 2 J).
Since the slope is positive at the starting position there is
a force in the negative direction. Thus, the particle will
start to move in that direction. Students can then use con-
servation of energy to determine that at x = 15 m the
particle would obtain a maximum kinetic energy of 5 J
(= 2 J�(�3 J)) before turning around at x= 7 m, where
the kinetic energy is again equal to zero.

IDENTIFICATION OF SPECIFIC
DIFFICULTIES

Many students had difficulty in answering each of the
questions discussed in the previous section. Some of the
problems seemed to be associated with their ability to ex-
tract kinematic information from a potential energy di-
agram. Others were related to student ideas about total
energy or about potential energy, especially when it is
negative. In this section, we discuss some of the more
common difficulties. The level of instruction and the for-
mats of the questions varied significantly, therefore we
do not compare the percentages of correct and incorrect
responses among the various populations.
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Question 1a: What is the direction of the acceleration 
of the particle at x = 6 cm?
Question 1b: What is the direction of the velocity 
of the particle at x = 8 cm?
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Question 2: Which, if either, of these two graphs
could represent the same physical system as that in 
question 1 and have the particle undergo the same
motion (i.e., have the same speed at every position)? 
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Question 3: A particle is released from rest at x = 23 m.
Describe the subsequent motion of the particle.

FIGURE 1. Examples of questions administered to students.

Difficulties related to kinematic quantities

Many of the errors that students made on each of
the questions seemed to be related to their ability to in-
fer kinematic quantities from potential energy diagrams.
These are discussed below. Difficulties related to student
understanding of kinematic concepts (e.g., confusing ve-
locity and acceleration) are not discussed since they are
documented extensively elsewhere [13].
Belief that potential energy diagrams represent mo-
tion only in the positive x–direction
Early in the investigation, we asked question 1a, about

the direction of acceleration of the particle, but not
the corresponding question about velocity (question 1b).
Many of the explanations were based explicitly on mo-
tion only in the positive x–direction. For example, “[the
acceleration is in the] negative-x direction. It is moving
in +x direction, but gaining Potential E, [therefore] los-
ing KE, [e.g.,] slowing down.” Although students often
obtained the correct answer, many seemed to believe that
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1. Cuál es la dirección de la aceleración de la part́ıcula en x = 6 cm?

2. Cuál es la dirección de la velocidad de la part́ıcula en x = 8 cm?
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Pregunta 13b - Test SS-II

Considere ahora la misma part́ıcula pero en dos condiciones de enerǵıa

potencial y enerǵıa mecánica total distintas, según muestran los dos

gráficos bajo estas ĺıneas.

TABLE 1. Student populations and the formats of the
questions that were administered.

Population Question format N

121 Multiple choice final exam 165;183
123 Individual student interviews 8
123 Online, ungraded quiz 152
123 Honors Written, ungraded quiz 34

the kinetic energy is given by the difference between
the total and potential energies. Thus, if the particle
were traveling in the positive x–direction it would be
slowing down, while if the particle were traveling in
the negative x–direction it would be speeding up. Both
motions correspond to acceleration in the negative x–
direction. Alternatively, students can use the relation F =
�dU/dx and Newton’s second law. The direction of the
velocity of the particle cannot be determined.
In question 2, students are shown two additional

graphs and asked which, if either, can represent the same
motion as the original graph. To answer, students can rec-
ognize that only graph II has the same kinetic energy at
each point as the original graph. Thus, only graph II can
correspond to the same motion.
In question 3, which was used only during the inter-

views, students are given a potential energy diagram and
told the particle is released from rest at x = 23 m. They
are then asked to describe the subsequent motion of the
particle. In order to answer, students can recognize that
since the particle is released from rest, the total energy
is equal to the potential energy at that position (i.e., 2 J).
Since the slope is positive at the starting position there is
a force in the negative direction. Thus, the particle will
start to move in that direction. Students can then use con-
servation of energy to determine that at x = 15 m the
particle would obtain a maximum kinetic energy of 5 J
(= 2 J�(�3 J)) before turning around at x= 7 m, where
the kinetic energy is again equal to zero.

IDENTIFICATION OF SPECIFIC
DIFFICULTIES

Many students had difficulty in answering each of the
questions discussed in the previous section. Some of the
problems seemed to be associated with their ability to ex-
tract kinematic information from a potential energy di-
agram. Others were related to student ideas about total
energy or about potential energy, especially when it is
negative. In this section, we discuss some of the more
common difficulties. The level of instruction and the for-
mats of the questions varied significantly, therefore we
do not compare the percentages of correct and incorrect
responses among the various populations.
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Question 1a: What is the direction of the acceleration 
of the particle at x = 6 cm?
Question 1b: What is the direction of the velocity 
of the particle at x = 8 cm?
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Question 2: Which, if either, of these two graphs
could represent the same physical system as that in 
question 1 and have the particle undergo the same
motion (i.e., have the same speed at every position)? 
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Question 3: A particle is released from rest at x = 23 m.
Describe the subsequent motion of the particle.

FIGURE 1. Examples of questions administered to students.

Difficulties related to kinematic quantities

Many of the errors that students made on each of
the questions seemed to be related to their ability to in-
fer kinematic quantities from potential energy diagrams.
These are discussed below. Difficulties related to student
understanding of kinematic concepts (e.g., confusing ve-
locity and acceleration) are not discussed since they are
documented extensively elsewhere [13].
Belief that potential energy diagrams represent mo-
tion only in the positive x–direction
Early in the investigation, we asked question 1a, about

the direction of acceleration of the particle, but not
the corresponding question about velocity (question 1b).
Many of the explanations were based explicitly on mo-
tion only in the positive x–direction. For example, “[the
acceleration is in the] negative-x direction. It is moving
in +x direction, but gaining Potential E, [therefore] los-
ing KE, [e.g.,] slowing down.” Although students often
obtained the correct answer, many seemed to believe that

Energía Potencial

Cuál de estos dos gráficos podŕıa representar el mismo sistema f́ısico que el

mostrado en la Pregunta 13a y llevar a la part́ıcula a realizar el mismo

movimiento (es decir, tener la misma velocidad que la de la part́ıcula de la

Pregunta 13a en cada posición del espacio)?
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Pregunta 13c - Test SS-III

Considere ahora la misma part́ıcula de masa m, sujeta al potencial

representado en la figura por la curva de trazo grueso.

TABLE 1. Student populations and the formats of the
questions that were administered.

Population Question format N

121 Multiple choice final exam 165;183
123 Individual student interviews 8
123 Online, ungraded quiz 152
123 Honors Written, ungraded quiz 34

the kinetic energy is given by the difference between
the total and potential energies. Thus, if the particle
were traveling in the positive x–direction it would be
slowing down, while if the particle were traveling in
the negative x–direction it would be speeding up. Both
motions correspond to acceleration in the negative x–
direction. Alternatively, students can use the relation F =
�dU/dx and Newton’s second law. The direction of the
velocity of the particle cannot be determined.
In question 2, students are shown two additional

graphs and asked which, if either, can represent the same
motion as the original graph. To answer, students can rec-
ognize that only graph II has the same kinetic energy at
each point as the original graph. Thus, only graph II can
correspond to the same motion.
In question 3, which was used only during the inter-

views, students are given a potential energy diagram and
told the particle is released from rest at x = 23 m. They
are then asked to describe the subsequent motion of the
particle. In order to answer, students can recognize that
since the particle is released from rest, the total energy
is equal to the potential energy at that position (i.e., 2 J).
Since the slope is positive at the starting position there is
a force in the negative direction. Thus, the particle will
start to move in that direction. Students can then use con-
servation of energy to determine that at x = 15 m the
particle would obtain a maximum kinetic energy of 5 J
(= 2 J�(�3 J)) before turning around at x= 7 m, where
the kinetic energy is again equal to zero.

IDENTIFICATION OF SPECIFIC
DIFFICULTIES

Many students had difficulty in answering each of the
questions discussed in the previous section. Some of the
problems seemed to be associated with their ability to ex-
tract kinematic information from a potential energy di-
agram. Others were related to student ideas about total
energy or about potential energy, especially when it is
negative. In this section, we discuss some of the more
common difficulties. The level of instruction and the for-
mats of the questions varied significantly, therefore we
do not compare the percentages of correct and incorrect
responses among the various populations.
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Question 1a: What is the direction of the acceleration 
of the particle at x = 6 cm?
Question 1b: What is the direction of the velocity 
of the particle at x = 8 cm?
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Question 2: Which, if either, of these two graphs
could represent the same physical system as that in 
question 1 and have the particle undergo the same
motion (i.e., have the same speed at every position)? 
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Question 3: A particle is released from rest at x = 23 m.
Describe the subsequent motion of the particle.

FIGURE 1. Examples of questions administered to students.

Difficulties related to kinematic quantities

Many of the errors that students made on each of
the questions seemed to be related to their ability to in-
fer kinematic quantities from potential energy diagrams.
These are discussed below. Difficulties related to student
understanding of kinematic concepts (e.g., confusing ve-
locity and acceleration) are not discussed since they are
documented extensively elsewhere [13].
Belief that potential energy diagrams represent mo-
tion only in the positive x–direction
Early in the investigation, we asked question 1a, about

the direction of acceleration of the particle, but not
the corresponding question about velocity (question 1b).
Many of the explanations were based explicitly on mo-
tion only in the positive x–direction. For example, “[the
acceleration is in the] negative-x direction. It is moving
in +x direction, but gaining Potential E, [therefore] los-
ing KE, [e.g.,] slowing down.” Although students often
obtained the correct answer, many seemed to believe that
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Suponga que soltamos la part́ıcula, desde el reposo, en la posición

x = 23 m. Describa en detalle el movimiento subsecuente de la part́ıcula.
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