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) THEORETICAL FRAMEWORK:
M.E.K.1.0.PEDAGOGY

MEANING
UIVALENCE
EUSABLE

FOSTER STUDENTS™ ATTENTION ON CONCEPTUAL
MEANING, THROUGH INTERACTIVE/FORMATIVE
ASSESSMENT BASED ON':

o UNSTRUCTURED TASKS

o [REQUENTAND DETATLED FEEDBACK

[EARNING
UBJECTS

BINI & TRINCHERO - CADGME 201



OMPOSITION: ONE TASK AND FIVE STATEMENT

- IN THE Boxes DIFFERENT REGISTERS me usen:

1. Mark the statements (two or more)
that share the same mathematical
meaning;

NATURAL ~ LANGUAGE, ~ GRAPHIC, ~ NUMERICAL, ...
- EACH BOX CONTAINS A CORRECT STATEMENT /
REPRESENTATION FROM A MATHEMATICAL POINT OF VIEW

rite the reasons that guided yqgin

- SOME BOXES SHARE THE SAME MEANING (MEANING
FQUIVALENCE) OTHERS ONLY HAVE A SIMILARITY IN

THE  REPRESENTATION.  (SURFACE  SIMILARITY)
- THE TASK I5: "TICK THE REPRESENTATIONS THAT SHARE THE

SAME MEANING (TWO OR MORE); INDICATE THE REASONS

THAT GUIDE YOUR CHOTCE"

BINI & TRINCHERO - CADGME 201




) THEORETICAL FRAMEWORK:
M.E.K.1.0.PEDAGOGY

MERLO APPROACH TO PARSING AND ANALYSING CONCEPTS 15 APPLICABLE TO VARTOUS SUBJECTS FOR RECOGNIZING,
REPRESENTING, ORGANIZING, EXPLORING AND MANIPULATING KNOWLEDGE. 1715 PARTICULARLY RECOMMENDED
IN MATHEMATICS, WHERE THE ABILITY TO SHIFT FROM ONE TO ANOTHER REPRESENTATION OF THE SAME OBJECT
AND THE COORDINATION OF MULTIPLE REPRESENTATIONS IN MORE THAN ONE SEMIOTIC REGISTER ARE

FUNDAMENTAL COMPETENCIES, IN ORDER TO ACCESS THE UNDERLYING MEANING AND TO UNDERSTAND
MATHEMATI(S.

ARZARELLO, F., ROBUTTT 0. & CARANTE P. (2013), MERLO: A NEW TOOL AND A NEW CRALLENGE IN MATHEMATICS TEACHING
AND LEARNING, PROCEEDINGS OF PME 37,

BINT & TRINCHERO - CADGME 2018



ADDED VALUE & ADJUSTMENTS

i

THE CLASSICAL MERLO PROTOCOL 13
STRENGTRENED ASKING STUDENTS
10 GIVE ARGUMENTATIONS FOR

DYNAMIC CONTENT 15 ADDED T0
THE MERLO ITEMS ALLOWING
STUDENTS” INTERACTION WITH
THE MATHEMATICAL OBJECTS
THROUGH A CONNECTED DEVICE

BINT & TRINCHERO - CADGME 2013

BOTH INCLUSIONS AND EXCLUSIONS
AND 10 CROOSE A TITLE



GEOMETRY & DYNAMISM
& RECISTERS OF SEMIOTIC R[PR[S[NIAI ONS ONY

measurement of the angle obtained by

perpendicular to the edge of the dihedral.

" CRAPHIC
LINGUTSTIC REGISTER v b
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) THEORETICAL FRAMEWORK:

THE COGNITIVE ROLE OF DRAGGING TECANOLOGY & PROOF

DYNAMIC DRAGGABLE DIAGRAMS STRONGLY AFFECT THE PROVING
PROCESS IN THE SENSE OF MEDIATING WHAT KINDS OF
CONJECTURES WILL BE MADE [AND] WHAT KINDS OF PROPERTIES
WILL BE TDENTIFIED AND THEN ORGANIZED. IN THIS SENSE THE
DIAGRAM CONSTRUCTED IN DGE AND THE SCHEMES OF USE

DRAGGING SUPPORTS THE PRODUCTION OF CONTJECTURES:
EXPLORING DRAWINGS BY MOVING THEM, LOOKING AT THE
WAYS AFTER WHICH THETR FORMS CHANGE (OR DO NOT
(HANGE), ALLOWS USERS TO DISCOVER THEIR INVARIANT
PROPERTIES. THE POSSIBILITY OF DRAGGING OFFERS A FEEDBACK

ACTIVATED ON T BY THE STUDENTS CAN BE CONSIDERED AN ACTUAL
10 THE DI [ IN THI 1T PROVI
DU L% LTI AT MEDIATOR  [...] PROVIDING CONTINUITY ~ DESPITE  THE

oUIEORT T THE RILE OF FRIVES 1) REAL CPISTEMOLOGICAL DISCONTINULTY BETWEEN A CONJECTURE AND
ARZARELLO, F., OLIVERO, F., PAOLA, D. 1AL, (2002) A THE CORRESPONDING PROOF

(oeNIIVE "N‘”[y/f/[;[% A%f/%’ %’A{;’[ CES I LAt SINCUTE ., ROBUTTE 0. (701.2), TECANOLOGY AND THE ROLE OF
’ PROOF: THE CASE OF DYNAMIC CEOMETRY.

BINT & TRINCHERO - CADGME 2013



RESEARCH QUESTIONS ‘-

IS THE DYNAMIC ELEMENT ADDED T0 MERLD TTEMS USING THE GEOGEBRA 4%
SW EFFECTIVE IN HELPING STUDENTS UNDERSTAND GEOMETRIC CONCEPTS) g™

ARE DIGITAL TOOLS ADDING EFFICACY TO MERLO ITEMS IN THE DIRECTION

OF ENHANCING STUDENTS™ CONCEPTUAL THINKING & ARGUMENTATIONT w

BINT & TRINCHERO - CADGME 2013



THE CONTENT CHOICE: THE AMPLITUDE OF
@R )\ DINEDRAL ANGLE=— ()

A TRICKY POINTIN 3D " THE STUDY OF GEOMETRY WILL CONTINUE WITH THE EXTENSTON
0 SPACE OF SOME OF THE THEMES OF PLANE GEOMETRY, ALSO T0
LUCLIDEAN GEOMETRY DEVELOP GEOMETRIC INTULTION . IN PARTICULAR, THE RECLPROCAL
WHOSE KNOWLEDGE TS POSTTIONS OF LINES AND PLANES IN SPACE, THE PARALLELTSM AND
THE PERPENDICULARITY, AS WELL AS THE PROPERTIES OF THE MAIN

FOCAL WITHIN THE [TALTAN GEOMETRIC SOLIDS (IN PARTICULAR OF THE POLYHEDRA AND
NATIONAL CURRICULUM ROTATION SOLIDS) WILL BE STUDIED ... "

BINT & TRINCHERO - CADGME 2018



FINAL VERSION: 2 TTEMS
>> | DEFINITION EACH
> |k DYNAMIC FIGURES

3 DYNAMIC FLGURES
] DEFINITIONS

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
aaaaaaaaaaaaaaaaaaa

121 spiega
\\\\\\\\\\\

uuuuuuu

1 DEFINITION LINKING 2D & 3D MEASURES

MEASURE
b DYNAMIC FIGURES



https://sites.google.com/site/merlodinamicogb/home/merlo-3d-1/3D_draft_1
https://sites.google.com/site/merlodinamicogb/home/merlo-3d-1/3D_draft_2
https://sites.google.com/site/merlodinamicogb/home/merlo-3d-1
https://sites.google.com/site/merlodinamicogb/merlo-3d-2/3D_2_1
https://sites.google.com/site/merlodinamicogb/merlo-3d-2/3D_2_2

INAL VERSION: EXPECTED CHOICES

[A B [A B
| |
1) mark the boxes that share the same amplitude of a dihedral is defined as the 1) mark the boxes that share the same asure is defined as a function that
meaning (two or more) assigns a real number to certain subsets of
a given set to make quantitative the notion

meaning (two or more) measurement of the angle obtained by
cutting the dihedral with a plane

2) explain for EACH box why you chose it or | perpendicular to the edge of the dihedral.
why you excluded it

2) explain for EACH box why you chose it or | of their extension
why you excluded it

3) choose a title for this activity 3) choose a title for this activity

C D E ‘C D

. S~
[ Iclicca per visualizzare” :

P
[

@

r d=5.78



https://sites.google.com/site/merlodinamicogb/home/merlo-3d-1
https://sites.google.com/site/merlodinamicogb/home/merlo-3d-1
https://sites.google.com/site/merlodinamicogb/merlo-3d-2/3D_2_2
https://sites.google.com/site/merlodinamicogb/merlo-3d-2/3D_2_2

FINAL VERSION: EXPECTED ARGUMENTATIONS

A - TARGET STATEMENT

b - THE INDICATED VALUE IS NOT A MEASURE OF THE AMPLITUDE
OF THE DIHEDRAL BECAUSE IT VARIES

(- THE INDICATED VALUE IS THE WELL-DEFINED UNIVOCAL

| MEASURE OF THE DISTANCE BETWEEN A POINT AND A LINE

D - THE INDICATED VALUE 1S NOT A MEASURE OF THE DISTANCE
BETWEEN A POINT AND A LINE BECAUSE 1T VARIES

£ - THE INDICATED VALUE IS THE WELL-DEFINED UNIVOCAL

| MEASURE OF THE AMPLITUDE OF THE DIHEDRAL

[TEM 2 - MEASURE A + ( +

1) mark the boxes that share the same The amblitude of a dihedral is defined as the
m

1 A - TARGET STATEMENT

|/ - SECTION PLANE INCLINATION 15 NOT FIAED

| C- SECTION PLANE INCLINATION 15 FIXED BUT NOT NORMAL

| D - THE ANGLE SHOWN 15 THE ONE BETWEEN THE EDGE AND THE

BASE PLANE AND NOT A DIHEDRAL
| | - SECTION PLANE 15 CORERENT WITH THE TARGET STATEMENT

. — ~——
[TEM 1 - DIHEDRAL ANGLE A + €

BINI & TRINCHERO - CADGME 201



TEACHING EXPERIMENTS SITUATED IN A REAL

— EDUCATIONAL CONJENT

Y RN W, A
LG 1y ot SUBE s

M O N INVOLVING DYNAMIC MERLO ITEMS
mmommswmaom (B 1] CARRIED OUT AT THE SECONDARY SCHOOL
) LEvEL (I2TH GRADE) IN 3 HIe

SCHOOLS N TURIN AND MILAN

BINI & TRINCHERO - CADGME 201



M.E.R.L.0O. SETTING AND TEACHING PRACTICE

ATYPICAL LESSON BASED ON THE USE OF MERL0
[TEMS ENGAGES STUDENTS IN:

A) SMALL GROUP DISCUSSIONS

B) RESPONSES

() CLASS DISCUSSTON MEDIATED BY THE TEACHER

ARZARELLO, F., KENETT, R 5., ROBUTTL, 0., SHAFRIR, U.,
PRODROMOU, T., & CARANTE, P. (2015), TEACHING AND
ASSESSING WITH NEW METHODOLOGICAL TOOLS (MERLO): A NEW
PEDAGOGY!

BINT & TRINCHERO - CADGME 2018



(OMBINING QUALITATIVE RESEARCH METHODS

1 - OBSERVING PROCESSES: AUDIO
& VIDEQ + SCREEN ACTIVITY

ECOLDING WITH (.

MERLO DINAMICO - SCHEDA
STUDENTE

3 - ASSESSING UNDERSTANDING:
WRITTEN TEST (1 MONTH AFTER)

& 1 - ANALYZING DATA:
ANSWER FORMS

BINI & TRINCHERO - CADGME 201

- WRAPPING IT AL
UP: FEEDBACK FORMS


http://www.youtube.com/watch?v=0O8BheB0Oq0
https://docs.google.com/forms/d/e/1FAIpQLScddovj-RFIiG8QsBhOTss_OfugPZa-WkcMAUMUI6HPxtQMkg/viewform
https://docs.google.com/forms/d/e/1FAIpQLSe1RNpaEBYkt9dzeAUZOQczo9cKzmUM89Cm2j8zIgx7qMMX9g/viewform

FIRST & SECOND TEACHING EXPERIMENTS: LICEO SCIENTIFICO LEONARDO DA VINCL,
MILAN & LICEO DELLE SCIENZE UMANE SANTORRE DI SANTAROSA, TURIN

TEACHER/RESEARCHER PRESENT
15 STUDENTS SPLIT INTO GROUPS OF 3
PEOPLE EACH

b MIN GROUP WORK
® ) GROUPS WORK ON ITEM 1
® 3 GROUPS WORK ON ITEM

30 MIN GUIDED CLASS DISCUSSTON

DATA COLLECTED THROUGH VIDEQ
REGISTRATION AND WRITTEN
QUESTION NAIRE

TEACHER & RESEARCHER PRESENT
15 STUDENTS SPLIT INTO GROUPS OF 3
PEOPLE EACH

b MIN GROUP WORK
® ) GROUPS WORK ON ITEM 1
® 3 GROUPS WORK ON ITEM 2

30 MIN GUIDED CLASS DISCUSSTON

DATA COLLECTED THROUGH VIDEQ
REGISTRATION AND WRITTEN
QUESTIONNATRE

BINI & TRINCHERO - CADGME 201



S DATA:OBSERVING SLGNS AND POTOCOLS Py
® | THE UNPREDICTED GIFTS OF MERlo PEDAGOGY |

LAAMPLE L:
AN UNEXPECTED
(WRONG?T) CHOICE
WITH RIGHT
ARGUMENTATLONS

EXAMPLE ] EXAMPLE 3:
ANERPECTED SMALLER EXPECTATIONS

év %6@0 - ALLOW LARGER

ARGUMENTATIONS PERCEPTIONS

BINI & TRINCHERO - CADGME 201



OBSERVING SIGNS AND PROTOCOLS: EXAMPLE 1

S1“IN FACT WE CAN CONSIDER THE BASE (OF THE PYRAMID) AS ONE FACE OF THE DINEDRAL
AND THE OTHER PLANE THAT YOU HAVE TO IMAGINE IS THIS” (POINTS TO THE FIGURE)

§2 MAKES A GESTURE MIMICKING THE TWO PLANES DESCRIBED BY S1

53 100 NOT KNOW TF WE CAN INCLUDE IT AND THEN WRITE THAT THE PLANE IS NOT THERE”
§2 "BECAUSE IT SEEMS TO ME THAT THERE IS EVERYTHING”

53 “THERE IS EVERYTHING WHAT!”

§2 "THERE IS EVERYTHING WE NEED”

53 “NO BECAUSE YOU SEE HERE THERE ARE TWO PLANES AND HERE IS A PLANE AND AN EDGE”

A 4V w/




OBSERVING 51 CNS AND PROTOCOLS: XAMP[[ |

A GESTURAL AND VERBAL

THOUGHT EXPERIMENT
TAKES PLACE PRODUCTIVE REASONING [...] INCLUDES A PERMANENT

(SINCUAT £7 AL, 2013) D ocove | INTERRUYBETWEEN  CONGEPTUAL AND  IMAGINATIVE
DYNAMICS (FISCHBEIN, 1113)

BINI & TRINCHERO - CADGME 201



UBSERVING SIGNS AND PROTOCOLS: EXAMPLE 2

THE THIRD GROUP MAKES THE EXPECTED CHOTCE, BUT ARGUMENTATIONS REVEAL
THEY MISMATCHED DOMAIN AND RANGE OF THE MEASURE FUNCTION:

BOX A: WE START FROM THE DEFINITION TO GETTO THE GRAPHICAL
REPRESENTATION .

BOXB: DOES NOT CORRESPOND TO DEFINITION A BECAUSE A SINGLE SUBSET
(ORRESPONDS T0 A REAL NUMBER.

BOX C: MANY SUBSETS CORRESPOND T0 A REAL NUMBER D (DISTANCE)

BOXD: THERE ARE TOO MANY VARTABLES T0 DEFINE A FUNCTION

BOX E: CALLING X THE HETGHT OF THE YELLOW PLANE, WHEN X VARIES THERE IS
ONLY ONE REAL NUMBER WHICH IS ALPHA= 45 °

SUGGESTED TIILE:
FUNCTIONS APPLIED TO TWO-DIMENSIONAL AND

THREE-DIMENSIONAL FIGURES

BINI & TRINCHERO - CADGME 201



OBS[RV NG 31 CNS AND PROTO[O[S LRAMPLLS

A measure is defined as a function that :
‘ assigns a quantity to a positive real number
| obtained by comparing the quantity with a

H box why you chose it or 1 unit of measurement

that share the same
ore)

br this activity

Y MOVING THE BALL, WE NOTICE THAT TH
ALPHA ANGLE VARTES: IF THE PLANEON
WHICH THE BALL RESTS IS PERPENDICULAR
T0 THE OTHER TWO PLANES, THE ANGLE
WILL BE THE BIGGEST, ON THE CONTRARY,
LETHE PLANEWLTH THE BALLTS IN A MORE

[ clicca per visualiz

P

- INCLINED POSTTION, THE AMPLITUDE OF
T[M ] THE ANGLE WILL DECREASE MORE AND
mA_wm\

BINI & TRINCHERD - CADGME 2008



DATA: OBSERVING SIGNS AND PROTOCOLS
THE COGNITIVE VALUE OF MERLO PEDAGOGY
RAMPLE &: BRINGING OUT STUDENTS'

MISCONCEPTIONS ABOUT
ARGUMENTATION

BINT & TRINCHERO - CADGME 2013



OBS[RV NG STGNS AND PROTOCOLS:EXAMPLE 4

T Nome della scuola *
Wgaw .

Cognomi dei componenti de! gruppo i .

castiglioni, ferlazzo, guida

IN THEIR QUESTIONNALRE,
STUDENTS MIX UP DESCRIPTION
WITH ARGUMENTATION : ACCORDING
10 THIS, SURFACE SIMILARITY LEADS
10 THE FIRST WRONG CHOICE

Nome della scheda MERLO *

NNNNNNNNN

Quali caselle secondo te condividono lo stesso
significato matematico? (due o piu) *

A B
1) segna le caselle che condividono lo Si definisce misura una funzione
D A stesso significato (due o pitr) assegna un numero reale a taluni
s, sottoinsiemi di un dato insieme perjiilldere
) spiega per CIASCUNA casella perche |quantitativa la nozione della loro elilisione
‘hai scelta o perché Ihai esclusa

B
i %
LASURE E

BINI & TRINCHERO - CADGME 201



OBSERVING STGNS AND PROTOCOLS: EXAMPLE

(QNNEUING LTEM): HOW SHOULD WE ADD A PLANE T0 BOX D TO MEASURE THE ANGLE
L WHY CANNOT 1 TAKE A BETWEEN THE BASE OF THE PYRAMID AND THE SIDE FACE]

RANDOMLY INCLINED
SECTION PLANE!

§: BECAUSE THE MEASURE
WOULD NOT BE UNTQUE!

LILILE  \ER10 PEDAGOGY APPROACH AS AN “OPPORTUNIIY T0 DISCUSS”

BINI & TRINCHERO - CADGME 201




THE FLFTH & SIXTH DRART: ADJUSTING THE DEFINITION OF MEASURE

A
i

ERTHE 137
ERIMENT:

AFTER THE ZND
EAPERIMENT:

t share the same In mathematics, a measure is defined as a E .
ing ( ) function that assigns to a quantity a positive 4
rrrrrrrrrr
lai ou chose if
wewa ELIMINATING i

UNITS

H
P

you excluded it

obtained by comparing the quantity with a
Glihogai unit of measurement
e INVOLVING

[ clicca ©
P
' \ /1 = 5.78

o
i
%
-
0
2 |
4 |
[
|
" L.., |
Z & 53
2 3=
@ = -
= 25 58

: jcicca er visualizzar
[ ]
r \ d=5.78

BINT & TRINCHERO - CADGME 2018



ASSESSMEN] )N [
QUESTION ON 10N ON

DIIFDRON th i

CHANGING PLANS

1t 1§ b
[3) 18}

O ERXs THE ASSESSMENT TEST ADMINISTERED ONE MONTH AFTER
D THE TEACKING EXPERIMENTS SHOWED THAT THE TOTALITY OF
T i THE STUDENTS TN MILAN AND THE MATORITY IN TURIN
o MASTERED THE CONCEPT OF DINEDRAL ANGLE, WHILE THE
F T IDEA OF MEASURE AS A FUNCTION WAS PROBLEMATIC: THIS
 mm LEAD T0 A RADICAL SHIFT IN THE TASK DESIGN AND
B EVENTUALLY IN A CHANGE OF THE SECOND ITEM TS
 mD PovsA
16 0 (I «E e @

e Pmcl
3! NG

J

BINT & TRINCHERO - CADGME 2013



BACK T0 SQUARE 1: THE DINEDRAL ANGLE ALONE

ge':;rnkgt?@g%xre; gr‘g; SHaiEhe Sdife ;leagg;gmd; ae gm;‘)g e i ‘“D‘[BV 0 lUHO N : [ lI (.H I N (: I| H [ (.0 N [-.[ PI 0 F M [A S U R[

] I cutting the dihedral with a plane
2) explain for EACH box why you chose it or | perpendicular to the edge of the di
why you excluded it

| A8 A FUNCTION FROM STUDENTS THEMSELVES

Why is it necessary to choose a particular inclination of the section plane to
define the amplitude of a dihedral angle?

3) choose a title for this activity

Why is the particular inclination chosen precisely the one perpendicular to the %
egde of the dihedral?




THIRD TEACHING EXPERIMENT: TSTITUTO TECNICO CHIMICO
SANTORRE DI SANTARDSA, TURIN

j |
| i ]
]
A - !
| & -
Rk \ L - |
Y L)

R S U 6 MIN GROUP WORK
v o GROUPS WORK ON TEM 1
30 MIN GUIDED CLASS DISCUSSTON

TEACHER PRESENT
1§ STUDENTS SPLIT INTO GROUPS OF 3
PEOPLE EACH

DATA COLLECTED THROUGH WRITTEN
QUESTIONNATRE

BINI & TRINCHERO - CADGME 201



OBSERVING STGNS AND PROTOCOLS: EXAMPLE b

WHY LS THE INCLINATION
CHOSEN TO DEFINE THE
AMPLITUDE QF THE DIHEDRAL
ANGLE THE ONE PERPENDICULAR
10 THE EDGE OF THE DIREDRAL?

THE ROLE OF DYNAMICITY & THE
EMERGENCE OF NEW MATHEMATICAL IDEAS

“CONSIDERING THAT BY VARYING THE INCLINATION THE MEASURE WOULD BECAUSE IN THIS

[TiM 1
DINEDRAL VARY, A STANDARD MEASURE WAS PROBABLY CHOSEN,, IN ORDER T0 MAKE WAY YOU HAVE THE
ANGLE ALL MEASUREMENTS OF THE DIHEDRAL WIDTHS COMPARABLE" . MAXIMUM WIDTH

BINT & TRINCHERO - CADGME 2018



FROM MEASURE TO INVARIANTS

1) mark the boxes that share the same
meaning (two or more)

2) explain for EACH box why you chose
it or why you excluded it

3) choose a title for this activity

h quantity that remains
g a transformation



https://sites.google.com/site/merlodinamicogb/merlo-3d-2

WRAPPING IT ALL UP

1) mark the boxes that share the same | Aninvariant is a quantity that remains

meaning (two or more) unaltered during a transformation

2) explain for EACH box
it or why you excluded it

vencoseamend — WHICH CONNECTION DO YOU SEE

c BETWEEN THIS ACTIVITY AND THE
Dk DEFINITION OF THE AMPLITUDE OF

) THE DIHEDRAL ANGLE!

\o

?.P




FOURTH TEACHING EXPERIMENT: LICEQ SCIENTIFICO GALLLEQ FERRARLS, TURIN

20 STUDENTS SPLIT INTO GROUPS OF 2/3 PEOPLE EACH

0 MIN GROUP WORK
® ] GROUPS WORK ON TEM ]
30 MIN GUIDED CLASS DISCUSSION

DATA COLLECTED THROUGH VIDEQ REGISTRATION AND
WRITTEN QUESTIONNAIRE

BINI & TRINCHERO - CADGME 201



[TEM 2 FINAL VERSION: EXPECTED & MADE CHOICES

meaning (two or more)

ALL GROUPS HAVE SELECTED THE
EAPECTED BOXES, JUSTIFYING TREIR
(HOTCES WITH APPROPRIATE

ARGUMENTS

s e
2 B ¢
N ‘AW
2ol
4 4":': i

BINI & TRINCHERO - CADGME 201


https://sites.google.com/site/merlodinamicogb/merlo-3d-2/3D_2_2
https://sites.google.com/site/merlodinamicogb/merlo-3d-2/3D_2_2

DATA: OBSERVING SIGNS AND PROTOCOLS

DYNAMIC MERLO PEDAGOGY APPROACH AS A SETTING FOR
IRANSFORMATIONAL REASONING (M A SIMON)

IAMPLE J: THE “ABILITY T0
(ONSIDER A DYNAMIC PROCESS BY
WRICH A CONTINUUM OF STATES
ARE GENERATED”

BINT & TRINCHERO - CADGME 2018



OBSERVING SIGNS AND PROTOCOLS: EXAMPLE ]

An invariant is a quantij
wunaltered during a tra

GROUP 1: RELEVANT STATIC ASPECTS TN SELECTED BOXES:
AMONG THE STATLC ASPECTS WE HAVE RECOGNIZED AS
RELEVANT: TN BOX C THE DISTANCE BETWEEN THE TWO POINTS;
[N BOX £ THE ANGLE BETWEEN THE PLANES

GROUP 2:RELEVANT DYNAMIC ASPECTS TN SELECTED BOXES:
THE CHOSEN BOXES REMAIN UNCHANGED DURING THE
TRANSFORMATION . THE WIDTH OF THE DIHEDRAL ANGLE AND
THE DISTANCE BETWEEN TWO PARALLEL LINES NEVER
(HANGES.

GROUP 3: ONCE THE TMAGES WERE CHOSEN, WE NOTICED THE
NFFINITY OF THE DEFINITION WITH THESE [TMAGES)

BINI & TRINCHERD - CADGME 2013

"KNOWLEDGE AS THE RESULT OF
RUNNING THE SYSTEM”




RESULTS & CONCLUSIONS

THE TEACHERS” PERSPECTIVE THE STUDENTS” PERSPECTIVE

THE MATHEMATICIANS' THE RESEARCHERS
PERSPECTIVE PERSPECTIVE

BINT & TRINCHERO - CADGME 2013



[TWORKY THE TEACHERS” PERSPECTIVE

IDENTIFFING TE DIMEDRAL ANGLE ——===— —\

3. Facendo riferimento alla defin damp adial gldd spiega perché na piramide regolar
di vertice V I'angolo che f a later. Ifrm n il piano della bas pd IIgIl
I‘apotema della piramide e I'apotema del poligono di base.

2 Quali condizioni geometriche devono essere verificate

affinché gli angoli MNV e NMV in figura esprimano rispettivamente le
ampiezze dei diedri aventi come facce
la base della piramide e la faccia laterale BCV?

la base della piramide e la faccia laterale ADV?

"THE DISTANCE BETWEEN TWO POINTS ON A SPHERTCAL SURFACE 15 DEFINED AS THE LENGTH OF THE ARC OF
(IRCUMFERENCE BELONGING TO THE SPHERTCAL SURFACE HAVING THE TWO POINTS AS EXTREMITIES”
EXPLAIN WHY THIS DEFINITION OF DISTANCE ON THE SPHERE 15 WRONG AND SUGGEST HOW YOU WOULD
(ORRECT I

14

0.0 eV R At . 1AY ESIRRRR AR

BINI & TRINCHERO - CADGME 201



[TWORKY THE TEACHERS” PERSPECTIVE

IDENTEFYING THE DIHEDRAL ANGLE. = —\

3. Facendo riferimento alla definizione di ampiezza di angolo diedro, spiega perché in una piramide regolar:

di verhce V I'angolo che una facma laterale forma con il piano della base cornsponde all'angolo lra 2 Quali  condizioni geometriche devono essere verificate

affinché gli angoli MNV e NMV in figura esprimano rispettivamente le
ampiezze dei diedri aventi come facce
la base della piramide e la faccia laterale BCV?

ALTERNATIVE CONCEPTUAL THINKERS SCORE
HIGHER THAN GOOD CONCEPTUAL THINKERS
U. SHATRIR

, shud ,
7

v Qegeadeolavinallnsprele BC
la base della piramide e la faccia laterale ADV?

itadcoin . Ao seaede., AN L

"THE DISTANCE BETWEEN TWO POINTS ON A SPHERICAL SURFACE 15 DEFINED AS THE LENGTH OF THE ARC OF
CIRCUMFERENCE BELONGING TO THE SPHERICAL SURFACE HAVING THE TWO POINTS AS EXTREMLTIES'
EXPLAIN WHY THIS DEFINTTION OF DISTANCE ON THE SPHERE IS WRONG AND SUGGEST HOW YOU WOULD
CORRECTIT:

N ITIS WRONG BECAUSE GIVEN TWO POINTS WE HAVE INFINITE CIRCLES LYING ON' THE SPHERE: WE MUST
Cen 5N THEREFORE SPECIFY THAT THE CLRCUMFERENCE THAT WE CONSIDERED IS THAT OF MAXIMUM RADIUS

B. “Si definisce dista

BINI & TRINCHERO - CADGME 201



T WORK? THE STUDENTS” PERSPECT

Ritieni che I'attivita MERLO ti abbia aiutato a capire il concetto di ampiezza Ricordi quale/i aspetto/i dell'attivita ti ha/hanno maggiormente aiutato?
di un angolo diedro? (puoi scegliere piu caselle)
28 risposte 28 risposte

tervenire sulle;

25 (89,3%
o (89,3%)

DIEDHAL
ANGL

1(3,6%)

11 (39.3%) il fatto di doversi concentrare

10 (35,7%) perind.

il fatto di dover spiegare per|
ciascuna...

5(17,9%;
A11.9%) la definizione

la discussione successival
0,0

30

Ritieni che I'attivita MERLO ti abbia aiutato a capire il concetto di misura Ricordi quale/i aspetto/i dell'attivita ti ha/hanno maggiormente aiutato?
come invariante? (puoi scegliere piu caselle)

2 poste £

12| i tervenire sulle;
fig.
100 11(39,3%)

il fatto di doversi concentrare;
9 (32,1%) perind...
il fatto di dover spiegare per|

ciascuna...

risposte

75 8 (28,6%)

50

la definizione
25

la discussione successiva

0,0



https://docs.google.com/forms/d/17WKnL8oIYIIkMGBW0kIUGgdcVGYGXwdg1yqHHWMXaZI/viewanalytics

DID 1T WORK? THE MATREMATICIANS” PERSPECTIVE
ETHNKING T DEFINETION

! ‘ i"[f]

1. DOES THE ANGLE DEFINED THROUGH THE
NORMAL SECTION CORRESPOND 10 AN
EXTREME VALUE OF THE AMPLITUDE!

1. CAN WE PROVE THAT THE PLANE CONTAINING

THE TWO NORMAL VECTORS IS PERPENDICULAR

T0 THE DIKEDRAL EDGE!

THE ROLE OF NORMAL VECTORY

BINT & TRINCHERO - CADGME 2018


https://www.geogebra.org/m/PVuydbdt
https://www.geogebra.org/m/PVuydbdt
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8 %DID [T WORKT THE RESEARCHERS" PERSPECTIVE

NQL: 5 THE DYNAMIC ELEMENT ADDED T0
MERLO' TTEMS USING THE GEOGEBRA S Y EIAMPLE 3 BIGGEST ANGLE
CFECTIVE IN HELPING  STUDENTS v EXAMPLE 5 CLASS DISCUSSION

UNDERSTAND GEOMETRIC CONCEPTS] Yo EXAMPLE § MEASURE

EXAMPLES 3, 5 AND b SHOW THAT THE PERCEPTION OF THE NECESSITY UNIQUENESS FOR A

WELL DEFINED MEASURE AND THE GUESSING OF THE MAXIMUM VALUE FOR THE CHOSEN
ONE WERE EFFECTIVELY DRIVEN BY THE DYNAMICITY OF THE TTEMS

BINT & TRINCHERO - CADGME 2013


https://docs.google.com/forms/d/17WKnL8oIYIIkMGBW0kIUGgdcVGYGXwdg1yqHHWMXaZI/viewanalytics

D LT WORK? THE RESEARCHERS " PERSPECTIVE

R02: ARE DIGITAL T00LS ADDING EFFICACY JAND
10 NERLO. TEMS IN THE DIRECTION OF ke EYAMP
ENHANCING  STUDENTS'  CONCEPTUAL
THINKING & ARGUMENTATION?

*

LELTHOUGHT EXPERIMENT

£ ) RIGHT ANSWER, WRONG ARGUMENTATION
XAMPLE & DESCRIPTION V'S ARGUMENTATION
XAMPLE 7 STATIC VS DYNAMIC INVARIANTS

* %

EXAMPLES 1, 2, 4 AND J SHOW THAT ALLOWING STUDENTS TO INTERACT WITH MATHEMATICAL

OBJECTS BY THE MEANS OF DIGITAL TOOLS CAN PROMOTE VALTD ARGUMENTATIONS, HELP TN
FOCALIZING INCORRECT ONES AND FOSTER TRANSFORMATIONAL REASONING

BINI & TRINCHERO - CADGME 201



https://docs.google.com/forms/d/17WKnL8oIYIIkMGBW0kIUGgdcVGYGXwdg1yqHHWMXaZI/viewanalytics

THANK YOU
UBRIGADA
MERCL
DANKE
GRALTE MILLE!

BINT & TRINCHERO - CADGME 2008
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