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FCI and conceptual 
changing

QUESTION 1

Dynamic key concept acceleration, force, velocity, gravity, resistance

Prior - primitives dynamic balance, Ohm p-prim, force as mover, overcome 

Misconceptions velocity - force, a Terra non più forza di gravità, forze e velocità 
nella stessa direzione, v = costante 

How/what to change? che forma ha? resistenza aria? Palazzo più piani ... f) va a 
velocità costante perche' la forza e' costante .. 



FCI and conceptual 
changing

QUESTION 2

Dynamic key concept forza centripeta, velocità e accelerazioni

Prior - primitives force as deflector, force as mover 

Misconceptions moto orizzontale e verticale, basso e alto "dall'alto?", forza 
centrifuga, canale non esercita forze

 

How/what to change? cambiare linguaggio, 



FCI and conceptual 
changing

QUESTION 3

Dynamic key concept forza centripeta, velocità e accelerazioni

Prior - primitives force as deflector, force as mover 

Misconceptions moto orizzontale e verticale, basso e alto "dall'alto?", forza 
centrifuga, canale non esercita forze

 

How/what to change? cambiare linguaggio, 



FCI and conceptual 
changing

QUESTION 3

Dynamic key concept moto circolare uniforme, velocità costante, traiettoria

Prior - primitives force as mover, force as deflector, continuous force

Misconceptions traiettoria curvilinea della palla dopo la rottura della corda

How/what to change? aggiungerei con che velocità percorerebbe la nuova traiettoria e 
perchè.



FCI and conceptual 
changing

QUESTION 4

Dynamic key concept traiettoria del moto, composizione di moto, velocità e 
accelerazione

Prior - primitives force as deflector, force as mover 

Misconceptions legge oraria e traiettoria del moto 

How/what to change? prima viene rappresentato il vettore velocità e dopo no. Forse 
avrei aggiunto un passaggio intermedio dove prima rappresento 

la velocità "dopo la spinta" e poi la traiettoria del moto.



FCI and conceptual 
changing

QUESTION 5

Dynamic key concept somma vettoriale, inerzia

Prior - primitives Force as deflector

Misconceptions Somma vettoriale
 

How/what to change? Dire esplicitamente che il disco è un punto materiale, altrimenti 
il calcio potrebbe essere stato dato non nel centro di massa, in 

quel caso il disco avrebbe ruotato anche attorno al proprio 
centro e la velocità vk sarebbe minore (è vero che non ci sono 
attriti ma se ci fossero stati la traiettoria non sarebbe più retta)



FCI and conceptual 
changing

QUESTION 6

Dynamic key concept Gravità

Prior - primitives Force as mover

Misconceptions Scomposizione vettoriale
 

How/what to change? Dire che la velocità con cui la palla esce dall'aereo è trascurabile 
rispetto la velocità dell'aereo (anche se è abbastanza ovvio)



FCI and conceptual 
changing

QUESTION 7

Dynamic key concept Terzo principio della dinamica - Azione e reazione
Forza risultante

Prior - primitives force as mover, continuous force

Misconceptions L'auto spinge il camion, il camion è in folle e non può esercitare 
forze

Macchina+camion si muovono perché la forza esercitata dalla 
macchina sul camion è maggiore di quella esercitata dal camion 

sulla macchina
Mancata attribuzione al terzo principio della forza esercitata del 

camion sulla macchina 

How/what to change? Userei un esempio un po' più realistico
Non ho capito l'ultima frase della risposta D



FCI and conceptual 
changing

QUESTION 8

Dynamic key concept Primo principio della dinamica - Mantenimento dello stato del 
moto con risultante delle forze nulla

Attrito

Prior - primitives force as mover 

Misconceptions Forza nulla, dunque corpo fermo
La forza esercitata verso l'alto è maggiore di quella esercitata 

verso il basso dunque l'ascensore si muove verso l'alto
La misconception della risposta E potrebbe essere chiarita dal 

concetto di tensione 

How/what to change? cosa farebbe l'ascensore in ognuna delle opzioni? 



FCI and conceptual 
changing

QUESTION 9

Dynamic key concept forza, vincolo (tensione), gravità

Prior - primitives force as mover, force as deflector, equilibrium(?)

Misconceptions la forza deve avere la direzione del moto
 

How/what to change? aggiungere una domanda sulle forze che agiscono su O?



FCI and conceptual 
changing

QUESTION 10

Dynamic key concept attrito, forza costante

Prior - primitives force as mover, continuous force, intrinsic resistance, 
overcoming

Misconceptions forza costante-velocità costante, 

How/what to change? nella risposta C,D viene citata una "forza risultante" che crea 
confusione; 

in alcune risposte si parla di intensità e in altre no, le 
omologherei;

non "di conseguenza" ma "e";
la risposta "E";

mescolanza attrito statico e dinamico



FCI and conceptual 
changing

QUESTION 11

Dynamic key concept forza orizzontale e costante, velocità e velocità iniziale

Prior - primitives ohm, force as mover, continuous force, overcoming

Misconceptions accelerazione velocità
attrito statico/dinamico 

How/what to change? Se spinge o tira, c'è attrito?



FCI and conceptual 
changing

QUESTION 12

Dynamic key concept forza orizzontale e costante, velocità e velocità iniziale

Prior - primitives force mover, Ohm's p-prime

Misconceptions accelerazione velocità
attrito statico/dinamico

 

How/what to change? Se spinge o tira, c'è attrito?
Domanda [F]: Cambierà verso?



FCI and conceptual 
changing

QUESTION 13

Dynamic key concept forze, azione-reazione, somma vettoriale di forze, attrito

Prior - primitives dinamic balance, force as mover, 

Misconceptions azione-reazione 

How/what to change? Cosa cambia con l'attrito?
legame forza accelerazione

Doppia spinta



FCI and conceptual 
changing

QUESTION 14

Dynamic key concept azione e reazione, equilibrio

Prior - primitives equilibrium, dynamic balance

Misconceptions c'è una forza solo se c'è movimento
 

How/what to change? (F) la 1. e la 3.



FCI and conceptual 
changing

QUESTION 15

Dynamic key concept Gravità, forze, resistenza

Prior - primitives ohm's p-prim, force as mover, force as deflector (gravity) 

Misconceptions la forza dovuta al colpo agisce anche dopo il colpo? (forza 
legata all'accelerazione, non al moto) 

How/what to change? non so (la misconception non è dovuta a come è formulato 
l'esercizio, anzi l'esercizio serve proprio a evidenziare eventuali 

misconcezioni su questo aspetto)



What about work-energy processes?
(Van Heuvelen et al., 2001)



key concepts in Work / Energy

● The concept of Work 
● Positive or “Negative” Work 
● Kinetic Energy 
● Conservative forces and Dissipative forces 
● Friction / Air resistance
● Potential Energy  
● Power 
● Integral along a path …  



key concepts in Work / Energy

● The power … 



key concepts in Work / Energy

● Conservation of Energy 



key concepts in Work / Energy

● Not conservative forces



key concepts in Work / Energy

● Dynamics “problems” … 



key concepts in Work / Energy

● Potential Energy  



Conceptual ideas 
and skills about 

work-energy 
process that 

students have to 
know/possess

   

- Choosing a system—the object or objects of 
interest for the process being considered;

- Characterizing the initial state and the final state of 
the process;

- Identifying the types of energy that change as the 
system moves from its initial state to its final state 
and the signs of the initial and final energies of 
each type;

- Deciding if work is done on the system by one or 
more objects outside the system as the system 
changes states;

- Developing the idea that the initial energy of the 
system plus the work done on the system leads to 
the final energy of the system—the energy of the 
universe remains constant;

- Constructing an energy bar chart—a qualitative 
representation of the work – energy process;

- Converting the bar chart to a mathematical 
representation that leads to a problem solution. 
 

 



   

Qualitative work – energy bar charts that serve the same role for 
analyzing work – energy processes as motion diagrams and force 
diagrams serve when analyzing kinematics and dynamics problems.  

The use of these bar charts helps students think more about the physics of a 
work – energy process rather than relying on formula-centered techniques that 
lack qualitative understanding. 

View animation: https://www.physicsclassroom.com/mmedia/energy/hw.cfm

https://www.physicsclassroom.com/mmedia/energy/hw.cfm


The work–energy problem is originally 
described in the detailed sketch. 
Students are asked to convert the 
sketch into a qualitative bar chart —a 
bar is placed in the chart for each type 
of energy that is not zero, and the sum 
of the bars on the left is the same as 
that of the bars on the right. 

Then the generalized mathematical 
work–energy equation without any 
numbers is set up with one energy 
expression for each bar on the chart.

Notice that the work part in the bar 
chart is shaded so as to distinguish 
conceptually between work and 
energy, that is, work is a process 
quantity, but energy is a state quantity.



View animation: https://www.physicsclassroom.com/mmedia/energy/cs.cfm

https://www.physicsclassroom.com/mmedia/energy/cs.cfm


The different systems are chosen for 
the same physical process. 

(a) The cart, the spring, and Earth are 
in the system. 
(b) The cart and the spring are in the 
system, but not Earth. 
(c) The system includes only the cart. 
For each chosen system there is one 
work–energy bar chart and the 
corresponding generalized 
work–energy equation. 

In practice, it would be easy for 
students to use a system that includes 
Earth and the spring, although the 
choice of the system does not affect 
the physical results. 



The physical processes involve 
friction. 
(a) A point-particle block slides to a 

stop on a floor with friction. The 
system includes only the 
point-particle block. So the floor 
exerts an external frictional 
force on the point-particle block, 
and this frictional force does a 
negative amount of work, which 
has the same magnitude as the 
block’s initial kinetic energy. 

(b) A real car skids to a stop on a 
rough road. The car is the only 
object in the system. Thus the 
road that touches the car 
causes an external frictional 
force and a difficult work 
calculation 

(c) And now? ..



   

For the given work–energy 
process, students are asked to 
construct the detailed sketch, 
and then convert it to an energy 
bar chart. 

Finally, they use the bar chart to 
apply the generalized 
work–energy equation. 





One of the quantitative problems 
included in the Active Learning 
Problem Sheets. Students solve 
these problems using the 
multiple-representation strategy 
after having developed skills to 
construct qualitative 
representations. 

These multiple-representation 
problems help students develop 
qualitative understanding about 
the physical processes and 
develop problem- solving 
expertise, instead of using only 
an equation- centered method. 



https://www.physicsclassroom.co
m/Physics-Interactives/Work-and-
Energy/Work-Energy-Bar-Charts/W
ork-Energy-Bar-Charts-Interactive

TEST YOURSELF!

https://www.physicsclassroom.com/Physics-Interactives/Work-and-Energy/Work-Energy-Bar-Charts/Work-Energy-Bar-Charts-Interactive
https://www.physicsclassroom.com/Physics-Interactives/Work-and-Energy/Work-Energy-Bar-Charts/Work-Energy-Bar-Charts-Interactive
https://www.physicsclassroom.com/Physics-Interactives/Work-and-Energy/Work-Energy-Bar-Charts/Work-Energy-Bar-Charts-Interactive
https://www.physicsclassroom.com/Physics-Interactives/Work-and-Energy/Work-Energy-Bar-Charts/Work-Energy-Bar-Charts-Interactive


Jeopardy problems



Jeopardy problems



Jeopardy problems



Jeopardy problems



What about Works that come 
from distance-dependent 
forces?



HOW TO DEVELOP DIFFERENT PCK’S ASPECTS

Multiple 
Representations

Conceptual 
ChangeJeopardy 

Problems

Knowledge of 

instructional strategies to 

scaffold students’ 

learning of key concepts 

and practices in science.

Knowledge of students’ 

prior understandings 

about and difficulties 

with key concepts and 

practices in science.

Knowledge of instructional 

strategies to scaffold students’ 

learning of key concepts and 

practices in science.

Knowledge of what to assess and 

specific strategies to assess 

students’ understandings of key 

concepts and practices.



   

Genuine understanding is most likely 
to emerge...if people possess a 
number of ways of representing 
knowledge of a concept or skill and 
can move readily back and forth 
among these forms of knowing. 

(Gardner, 1991)


