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a. What patterns did you notice

in the placement of the dots?

b. How can you use the
distances between the dots to
describe the motion of the

bowling ball?


https://mediaplayer.pearsoncmg.com/assets/_frames.true/secs-experiment-video-1

Laboratory on Dynamics




Observational Experiment Table 3.1

How are motion and forces related?

Analysis
Observational experiment Motion diagram
Experiment 1. A bowling V AV =0
ball B rolls on a very 5 5 g
hard, smooth surface 12 — ot ot

S without slowing down.

Experiment 2. A ruler R v Av
lightly pushes the rolling = I* T
bowling ball opposite . — 0= o
the ball's direction

of motion. The ball

continues to move in
the same direction,
but slows down.

Experiment 3. A ruler l _n‘. AV

R lightly pushes the —
rolling bowling ball in the il AP
e NOT Blsz,,
P s
Pattern

o
® In all the experiments, the vertical forees add to zero and cancel each other. We consider only forces @;d on the ball in the horizontal
direction,
® In the first experiment, the sum forces exerted on
® In the second and third experi . when the ruler
sum of the forces.
Summary: The AV arrow i periments is in th® same di s. Notice that thei no pattern relating the
direction of the velocity ¥ to thg/direction of the sum of the f locity and the sum ﬁhc forces are in opposite
directions, but in Experimen are in the same direction,
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ity remains conshgt.
arrow (A ¥ arrow) poifits in the same direction as the




Observational Experiment Table 3.1

How are motion and forces related?

Analysis
Observational experiment Motion diagram Force diagrams for first and third positions

Experiment 1. A bowling V AV =0
ball B rolls on a very - 5 o " - Foin
hard, smooth surface _\.& — s ot
S without slowing down. s F F

tomb LB
Experiment 2. A ruler R AP
lightly pushes the rolling - E . Foun
bowling ball opposite Pou LGP AGP , <
the ball’s direction Faon i Facn i
of motion. The ball e e
continues to move in
the same direction,
but slows down.
Experiment 3. A ruler | _\" Av
R lightly pushes the [2 Fius Fius
rolling bowling ball in the

U

direction of its motion. ﬂGT DISTQ N LR L

The ball speeds up,
Q Pattern
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® In all the experiments, the vertical forees add to zero and cancel each other. We consider only forces ¢ on the ball in the horizontal
direction,

® In the first experiment, the sum forces exerted on

® In the second and third experi . when the ruler
sum of the forces.
Summary: The AV arrow i periments is in the same di
direction of the velocity ¥ to thg/direction of the sum of the fi
directions, but in Experimen are in the same direction,

a8

y 9

ity remains cons
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Figure 1. Conceptual framework of force and motion showing connections among variables, relations,
and conceptual ideas. The two-way arrows indicate possible pathways of connections within a learner’s
knowledge structure. The solid lines represent experts’ conceptual pathway, while the dashed lines rep-
resent novices’ possible pathways.



Let's learn together.

We're on a mission to help every student learn math and love learning math.

Graphing Calculator

Using Desmos in a classroom?

Students

Teachers
Have a code from your ITTT
teacher? Head to the student \  Interactive and creative
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https://teacher.desmos.com

Teacher Desmos: a useful tool ...

https://teacher.desmos.com

What We Do Who We Are  Meet the Team

%

Desmos wants to build a world where every student learns math and loves learning math,
where a student’s access to the power and beauty of math doesn't depend on their place
of birth, race, ethnicity, gender, or any other aspect of their identity.

Our free suite of math software tools, including the renowned Desmos Graphing Calculator
and Scientific Calculator, are used annually by over 40 million teachers and students around
the world. Our tools power core math curricula for many of the world’s largest publishers,
and our calculators are built into the majority of U.S. state-level assessments and digital
college entrance exams. Desmos is also partnered with the Smarter Balanced Assessment
Consortium, the International Baccalaureate MYP, and NWEA (view the full list of
assessments here).

Our cutting-edge technology also powers our free digital classroom activities, thoughtfully We're a small but growing team.
designed by teachers for teachers to support and celebrate the different ways students Interested in joining? We're hiring! >
come to know mathematics. These activities are guided by our pedagogical philosophy and

open up a world of possibilities for students to explore concepts more deeply, collaborate

with their peers on problem-solving, and apply knowledge creatively as mathematicians.

In 2020, we launched our core middle school math program, which pairs the open-source
U.S. middle school curriculum from lllustrative Mathematics and Open Up Resources with
Desmos’ powerful technology, humanizing pedagogy, and intuitive design. We are working
with an incredible cohort of schools and districts to implement and further improve this
program over the years to come.

Come join us on our journey! Play with the calculator, check out our classroom activities, or
find a career on our growing team. Stay in touch with us on Twitter, Facebook, Instagram,
or emalil. Teachers and school leaders are also welcome to join our Educators Community.



https://teacher.desmos.com

Teacher Desmos: a useful tool ...

deSI'TlOS yseaTCh for an activity ‘ Q } Math Tools ¥ Resources ¥ Educational Ph... v ®

Home Popular Activities

Most Popular
Will It Hit the Hoop? :
| 30-45 minutes | Application

In this activity, students predict whether various basketball shots will go through the hoop, and then model these shots with parabolas to
check their predictions.

YOUR CLASSES

Manage Classes

Activity History
Marbleslides: Lines :
| 45.60 minutes | Development
MRERAGIIVITIES In this delightful and challenging activity, students will transform lines so that the marbles go through the stars. Students will test their ideas by
Collections launching the marbles and will have a chance to revise before trying the next challenge.
Custom
| 45-60 minutes | Practice
FEATURED COLLECTIONS
Conics In this activity, students work through a series of scaffolded quadratic graphing challenges to develop their proficiency with standard, vertex,

factored, and other quadratic function forms.
Exponential Functions
Functions

Marbleslides: Parabolas

| PRGN D RN sl Distance Learning — ... X Quadratic Functions X Transforming Functi...

In this delightful and challenging activity, students will transform parabolas so that the marbles go through the stars. Students will test their
ideas by launching the marbles and will have a chance to revise before trying the next challenge.

\"I Match My Parabola
Jo\

Inequalities
Linear Functions

Linear Systems

https://teacher.desmos.com
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Teacher Desmos: a useful tool ...

desmos ‘ Search for an activity Q ] Math Tools ¥ Resources ¥ Educational Ph... v ®
Home | Wi Graphing Calculator |
S =
———— B Get Started
ost Popular 3 B
P Scientific Calculator L
; e . .
Featured Collections Four Function Galculator View Al
YOUR CLASSES
Manage Classes Matrix Calculator
s Starter Screens
Activity History 6 Activities LN Test Practice
These activities offer starter screens that you can cc e divided here by their different purposes.
(&3 Geometry Tool
OURACTVITES Modeli Download our apps in the Google Play
Collections oaeling Store and iOS App Store.
6 Activities
Custom

These activities are designed for students who have worked with linear, quadratic, and exponential functions, and who are ready to use
these function types to represent real-world phenomena.

https://teacher.desmos.com
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Teacher Desmos: a useful tool ...

Learn Desmos: Classroom Activities

At Desmos, our mission is to help every student learn

math and love learning math. With that in mind, we’ve Welcomeyo teachr.desmo.co! -

assembled a collection of unique and engaging digital @mm:w ‘;P ERm ’ n / ’ &
activities. And best of all? Everything you see at et | | A

X
y=01(x+5)2+5{x>-10}

o~
teacher.desmos.com is free. Get started with the video :
W y-o00152+1

on the right, then dive deeper with the resources below.

Tips for Getting Started | I |

https://teacher.desmos.com
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Teacher Desmos: a useful tool

https://teacher.desmos.com

Next Steps

A Point Collector

JORORO

nymize Pacing Pause

Facilitate Class Conversations

Learn how to facilitate Desmos activities like
a pro with our Classroom Conversation
features—Anonymize, Teacher Pacing, and
Pause Class.

cotectonzo2 Which expressions
are equivalent?

4-(n+1) 2n+2(n+5)

A

(n+2)2—n? dn+4

Select and Sequence Student Work

The Desmos teacher dashboard collects a
lot of student ideas. Use our Snapshots tool
to select and sequence those ideas as you
orchestrate class discussions around
student thinking.

Manage Your Classes Leamn more

curss e CUSSCODE _ CLASS ROSTER
Math 1 - Period 5 | 2astudens
Math 1 - Period 6 (] st
Math 2 - Period 3 26 students

Manage Your Classes

Create classes to assign activities to the
same group of students throughout a school
term.

OLASS NAME CLASSCODE _ CLASSROSTER
Algebra 1 - Period 5 R4TQEZ Qstudents

C # Edit Class Name

2 Manage Co-teachers

AC2S * Deactivate Class

Algebra 1 - Period 6
Algebra 2 - Period 2

Co-teachers: Jennifer Wales.

Add Co-teachers

Co-teaching is easy in Desmos when you
and your co-teacher are both near the same
computer. But when you're far from each
other, you can still collaborate.

slope. |

-

Consider using values less than 1 for the ’

Send Feedback to Students

Leave Written Feedback on any student
screen. Students will see your comment and
develop their mathematical ideas further.

Welcome to Activity Builder!
What will you call this activity?

My New Activity ]

Now to Activty Bulder?

Create Custom Activities

Create your own Desmos-powered activities
with our custom Activity Builder. Learn the
ropes with our collection of video tutorials
and editable sample activities.


https://teacher.desmos.com
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Percorso didattico per la classe
seconda della scuola secondaria di
primo grado

EXPLORING FORCE CONCEPT THROUGH
A LEARNING PROJECT USING DESMOS

Valentina Bologna

Department of Physics, University of Trieste

Elisabetta Giachin

Department of Physics, University of Trieste

Francesco Longo

Department of Physics, University of Trieste and National Institute for Nuclear
Physics (INFN), Trieste

Abstract

Teachers have been asked to integrate new technologies with didactic

education as it happened during COVID-19 times; this has been a real

opportunity to review disciplinary and methodological approaches and to

enhance features that usually traditional teaching does not use. The learning.
i ical constructions are promoted also by the use of
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Elisabetta GIACHIN Prof. Francesco LONGO

Correlatrice:
Prof.ssa Valentina

BOLOGNA
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https://ijet.itd.cnr.it/article/view/1190

LE FORZE

Percorso didattico per la classe
seconda della scuola secondaria di
primo grado

1 Libri appoggiati su un ban. 2 Un bicchiere che sirompe ... | | 3 Un orologio. 4 Un bambino che calcaiil p...
Ci sono delie G sono date Ci sono delle Cisono cale
5 | forze? forze? % forze? torza?
———1 .
6 Una bomba che esplode. 7 Una piramide costruita con... | | 8 Una lampadina spenta e p.. 9 Trascira le immagini sotto .
Ci sono delie G sono dale Cisono delle
forza? - 2
I =)
1T e VTR = L] A=
11 12 Quelio che hai appena vis... | | 13 Trascina le immagini sott... 14 Come possiar
\ 1. Com'erano La forz & una \ — Per
prima che st Nale successie -
@' spingessero? E tadwssted  immagni, r_‘% \ linterazione tra.
Ainna? Perchd | - e o ok
- | l;lamnzlmase \ : I
.......... el :E.’m:mam TS < 08
17 Ossorva l'immagine e rigp... | | 18 Ossenva I'mmagine e risp... | | 19 Guarda il video e rappres...

:
.Q‘ | @

.

.| | 24 Osserva il grafico e comp...

25 Quale grafico rapprasent...

T Guardaivideoe b Kbt
1 .. we=— limmagne. Reporta nel \
— Come sara gaficobvalo | | [lfe it eftessesesaes
Cha sian¥atn . !— [ ———— e m«:m.‘ "
e || T =
26 Ossenva il grafico. Che tip... | | 27 In linguaggio matematico., 28 Che cos'd 'k'? 29 Osserva Immagine. 30 Ora prova tu a esprimere.
1 L Tagar | | Ha =
' = | Oraprovatua relazione F=ka. | | “*¢ ot < 1 valore numenco *=* Tenin
""""" scrwere in F=ka b una ~ cons
s Lz Checosd M2 [ | Iote = grancezza fsica. chaleuribd_ .
Y I 14 fix)
A B eemtoin

32 Fai corrispondere ogni ta...

B

pugno ad un
- sacco da box di
M &N ehinaramer
~ e

https://teacher.desmos.com/activitybuilder/custom/5e54caa8204160426dea0d43?lang=it




e ‘ 1 Libri app... f§ 2 Un bicch... § 3 Unorolo... § 4 Unbam... §5 Unterm... § 6 Unabo... 7 Unapira... § 8 Unalam... § 9 Trascina ...
59 studenti @4 Cronologico v jo— ! = Lo— ! fo— ! o— | | lo— | ; !
L E F O RZ E Apolionius X ° ° ° ° ° X °
Edray Goins X [} ° ° ° ° ° ° °
John Urschel X (] (] ° ] ° ° ° °
Percorso didattico per la classe A Elie - : : : : : . X .
seconda della scuola secondaria di Blaise Pesel " : : : : : : : :
primo grado Pierre-Simon Lap... : X ° ° ° ° ° ° ° °
Jacques Hadamard : X ° ° ° ° ° ° X °
Pythagoras X ° ° ° ° ° ° X °
Heisuke Hironaka X X °
Mary Ellen Rudin X ° ° ° ° ° ° ° °
Giuseppe Peano X ° o ° ° ° ° ° °
Eugenia Cheng X ° ° (] ° o ° X °
Emile Borel X ° ° ° ° ° ° ° °
Gladys West X ° ° ° ° ° ° ° °
Grigory Margulis X (] (] ° ] ° (] X °

https://teacher.desmos.com/activitybuilder/custom/5e54caa8204160426dea0d43?lang=it



ANTEPRIMA DELLA SCHERMATA DELLO STUDENTE &

Misconception: what about net forces?

LT
LAl

Libri appoggiati su un banco di scuola.

Ci sono delle forze?

sl

NO




Un bicchiere che si rompe per effetto del suono. Un bambino che calcia il pallone.

A FIACS
Ci sono delle forze? Ci sono delle forze?

sl NO
sl NO °
Una piramide costruita con dei magneti.
Ci sono delle forze? @
sl
019 ) cessy @
Una bomba che esplode.
Ci sono delle forze?
kil NO
Una lampadina spenta e poi accesa.
Ci sono delle forze?
Un termometro. sl NO
— Ci sono delle forze?
sl NO
Un orologio.

Ci sono delle forze?

sl




Trascina le immagini sotto al cartellino corretto.

Esempi di NON Forza

Esempi di Forza

Collecting informations — create a disatisfaction because the student is not sure of his answers...




>

Guarda il video di Alexander e Pedro, due astronauti nello spazio, e rispondi.
Cosa avete visto?

1. Com'erano prima che si spingessero? E dopo? Perché
si sono mossi?

2. Cos'é cambiato dopo la spinta? Ha cambiato posizione
solo uno dei due o si sono spostati entramii?

Quello che hai appena visto & un esempio di interazione.

Nelle successive immagini,

La forza e una
INTERAZIONE

tra due sistemi

fai attenzione se & presente un'interazione tra due sistemi.



Trascina le immagini sotto al cartellino corretto.

The same images
but another request:
not forces but
Interactions

Verifying the knowledge in pieces: building a new plausible knowledge



Come possiamo rappresentare la forza? Come possiamo rappresentare la forza?

Per rappresentare 'interazione tra due ¢ pil oggetti, s
N\ scegliamo di utilizzare una FRECCIA. Descrivere una forza

direzione

Osserva I'immagine. Che cosa caratterizza la freccia?

verso

intensita




Guarda il video e rappresenta con una freccia la forza applicata sul pallone.

B o-e




Osserva I'immagine e rispondi.
Applico una forza al carrello. Cosa succede?

" li carrello si sposta verso destra.
" li carrello rimane fermo.

' li carrello si sposta verso sinistra.

Integrating the new pieces of knowledge with prior primitives (forces as a mover)



Osserva I'immagine e rispondi.

' Le due sgquadre esercitano due forze uguali e contrarie.

—— :1 ’ﬁg . La squadra di destra esercita una forza maggiore.

‘ _' La squadra di sinistra esercita una forza minore.

Integrating the new pieces of knowledge with prior primitives (dynamic balance, equilibrium)



Guarda il video e rappresenta con due frecce di colore diverso le due forze esercitate da Alexander e Pedro.

T P - e

> 003/006
Vediamo perché entrambi si muovono.




Che cos'¢ I'accelerazione?
| e Guarda il video e rifletti.
'

Che significato ha la tabella def viceo? La macchina parte
da ferma e per raggiungere la velocita ci 40 m/s, ad ogni
istante varia la sua velocita.

Da che cosa & causata I'accelerazione?

-

Supponiamo di aver misurato i valori di forza e accelerazione applicati al carrello.

Che relazione c¢'é tra la forza e I'accelerazione? ®
PR - ) - -
— Osserva l'immagine. Come sara |'accelerazione guando " Riporta nsl graficovalori presentlin tabells.
e triplico la forza? F Unisci i punti rappresentati nel grafico con una finea.
- i a(m/x"2) F(N)
—p ;l‘l":::::ﬂllone O L accelerzione si 08 S |
£ R N N N it o 0
Se raddopplo () L'accelerazione triplica. [ 3 0
la forza... : |
— () L'accelerazione diminuisce. [ L 2 2
..raddopplia V'accelerazione 20 | | | : | 3 30
—_— [ 4 40
Se triplico la forza..
b i LPFN I I O O O OO I N N O O O O
222222 l'accelerazione
—
a
- 10

Using Multiple Representations for building UNDERSTANDABLE KNOWLEDGE




Osserva il grafico e completa la tabella.

1F1DI | | a(m/sh2)
ﬁ , 0

sl ’

Osserva il grafico. Che tipo di proporzionalita c'e tra forza e accelerazione?

diretta (;

aumentala

forza)

104 | (@) i
F [ forza)

inversa r ione, diminuis

Quale grafico rappresenta meglio la relazione tra forza e accelerazione?

In linguaggio matematico la proporzionalita diretta si esprime con la relazione y=kx

Ora prova tu a scrivere in linguaggio matematice la
relazione che c'é tra la forza e I'accelerazione.

Using Multiple Representations for building UNDERSTANDABLE KNOWLEDGE




Che cos' 'k'? . :
Hai trovato la relazione F = ka. Osserva l'immagine.
Che cos'e "k"? La MASSA (m).

Riscrivi |a relazione tra forza e accelerazione tenendo

Il valore numerico rappresenta una grandezza fisica.
conto di cos'é k. m
F=k Femee st
— a 2
—
10=m=+ a F=10N
(& [ concnis con mcioee |
F=3x*a m=3Kg
Trova i Valori man ti_ Fai i i tabella alla rispettiva & in linguaggio matematico
Ora prova tu a esprimere il valore numerico della grandezza fisica. = =%
FN) m (kg) a(m/shz) [
Tieni in considerazione che le unita di misura sono: /
10 5 -
Newton (N) per la forza,
= =?
F m.*> 7 a ) chilogrammo (Kg) per la massa, 6 3
3 =—m=*a F=? metro al secondo guacrato (m/sA2) per |'accelerazione. 1 10
| o) z s
F=4+a m=? : : EEEE

Using Multiple Representations for building UNDERSTANDABLE KNOWLEDGE




Osserva I'immagine, rappresenta le forze e rispondi.

PR Luca tira un pugno ad un sacco da box di 50
chilogrammi. Sapendo che il sacco si sposta con
un'accelerazione di 5 m/s"2, che forza dovra applicare
Luca per fario muovere?

=

Osserva I'immagine e inventa il testo del problema.

W P s iy S
V< Condividi con Ja classs
et s AR L ST ‘ti;-._:.q&_

Knowledge pieces useful for problem solving and Jeopardy problems



What changes will you suggest
for a first year course in a
scientific high school?



Kinematics and dynamics
concept integration



Rotational Motion
DESMOS

EDUCATIONAL
LABORATORY

OBSERVATIONAL
DESCR|PT|0N

GRAPHcp
L
LANGUAGE

PICTOR|Cp
DESCRIPTIQN,

\/

ACTIVITY 1: Observe the phenomena
https://teacher.desmos.com/activitybuilder/custom/61827677ea59770a1ada8332

ACTIVITY 2: Represent the phenomena
https://teacher.desmos.com/activitybuilder/custom/6182738298fcb5dbfae73882

ACTIVITY 3: Integrate languages/descriptions
https://teacher.desmos.com/activitybuilder/custom/618277f16591badbf9eelfbe



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.



