Building on Mathematical
Opportunities in Student Thinking

Ogrenci Disiinmesindeki Matematiksel
Firsatlar Uzerine Insa Etme

Prof. Dr. Laura R. Van Zoest
Western Michigan University, United States

TURKBILMAT-6, Ankara, Tirkiye, 28 EKIM 2023

("  This work is based on work supported by the U.S. National Science Foundation under
[ Grant Nos. DRL-1720410, DRL-1720566, and DRL-1720613.

1



Thank you! Tesekkur

Uo%  The Teaching Practice of Building on MOSTs <

Shart L Stockero
Lours . Van Zowst Technological University
n Michigan Universit

J Western W

Establish

Building takes full
1 e
= pPoperp—
— v oot
o 10 be dicunsed
@[..-'] o

Zeynep Arslan sharing Turkish culture with
the MOST Research Team
$ | Michigan, USA, 2021
7 R \ Zeynep Arslan Turk kaltaront MOST

, ® 4 s Arastirma Ekibi ile paylasirken

Prof. Dr. Adnan Baki Zeynep Arslan
PME Conference_, Spain 2022 PME Conference, _Israel 2023
PME Konferansi, Ispanya 2022 PME Konferansi, Israil 2023




Student-Thinking-Centered Classrooms
Ogrenci Dustinmesi Merkezli Siniflar

NOT teacher transmitting Teacher working with students to co-construct
information to their students students’ ideas about mathematics

Ogretmenin ogrencilere bilg Ogretmen, dgrencilerin matematikle ilgili fikirlerini
aktarmasi DEGILDIR 6grencilerle birlikte insa etmek icin calisir



How can teachers generate powertul
mathematical discussions In their
classrooms?

Our answer: by recognizing and building on MOSTs

Ogretmenler siniflarinda giiclii
matematiksel tartismalari nasil
olusturabilir?

Yanitimiz: MOST lari taniyarak ve onlarin Uzerine insa ederek.
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Drawing on 10+ Years of Research
10 yili Askin Suredir Devam Eden Arastirmamiz

QUILDING

Ogrenci MOST’a
Dusunmesindeki Dayali
Matematiksel Ogretim
Firsatlar Uygulamasi
Mathematical Opportunities J
in Student Thinking
Recognizing MOSTs Building on MOSTs
([ This work is based on work supported by the U.S. National Science Foundation under Bu calisma, ABD Ulusal Bilim Vakfi tarafindan desteklenmektedir.
[ Grant Nos. DRL-1720410, DRL-1720566, and DRL-1720613. Hibe No. DRL-1720410, 1720566, ve 1720613.
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. Your turn

Session Plan Sunum Akisi

. The type of teaching our work is 1. Calismamiz ne tlr bir 6gretim
about hakkinda
. What is a MOST? 2. MOST nedir?
. What is Building on a MOST? 3. MOST’a Dayanan Ogretim Uygulamasi
Nedir?

. Using a public record to support
joint sense-making discussions 4. Ortak anlam olusturmayi desteklemek
icin genele acik kayitlarin (tahtada
yazlili olan seyler) kullaniimasi

5. Sira sizde



What type of teaching is our work about?

Calismamiz ne tur bir ogretim hakkinda?



What type of teaching is our work about?
Calismamiz ne tur bir ogretim hakkinda?

Teacher working with students to co-construct
* not typical students’ ideas about mathematics e tipik bir 6gretim
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* not the only type e dise dokunur tek
of teaching that is Oogretim turd deqildir

worthwhile * guclu matematiksel
* teaching that tartismalari

generates powertul olusturmaya yonelik
mathematical bir 6gretimdir

discussions

Ogretmen, 6grencilerin matematikle ilgili fikirlerini
ogrencilerle birlikte insa etmek icin calisir
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What is a MOST?

MOST Nedir?



What is a MOST? MOST nedir?

« Student contribution made  TUum sinif etkilesimi sirasinda
during a whole-class interaction ortaya ¢ikan ogrenci katkisi
(public) (9enele acik)

» High-leverage instance of student * Ogrenci matematiksel -
mathematical thinking (teachable dusunmesinin yuksek potansiyelli
moment) bir Orneqi (Ogretim acgisindan

onemli bir an)
e Provides an in-the-moment

opportunity to engage the whole e Onemli matematilk konulari "
class in joint sense making about hakkinda ortak bir kavrayiga tum
important mathematics sinifl dahil etmek icin anlik bir

firsat sunar




From the Literature: High-leverage Instances of Student Thinking

Literatiir: Ogrenci Diisiinmesinin Yiiksek Potansiyelli Ornekleri

e “critical moments in the classroom when students created a moment of choice or
opportunity” waworski, 1994, p. 527)

* “novel student idea(s] that prompt teachers to reflect on and rethink their
INStruction” (schifter, 1996, p. 130)

o “potentially powerful learning opportunities” (pavis, 1997, p. 360)

e “significant mathematical instances” (pavies and Walker, 2005, p. 275)

e “[student’s] comment provides the fodder for a content-related conversation”
(Schoenfeld, 2008, p. 57)

* “crucial mathematic hinge moment([s|” rhames and Ball, 2013, p. 31)
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From the Literature: High-leverage Instances of Student Thinking

Literatiir: Ogrenci Diisiinmesinin Yiiksek Potansiyelli Ornekleri
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opportunity” waworski, 1994, p. 527)
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INnstruction” (Schifter, 1996, p. 130)

o “potentially powerful learning opportunities” (pavis, 1997, p. 360)
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From the Literature: High-leverage Instances of Student Thinking

Literatiir: Ogrenci Diisiinmesinin Yiiksek Potansiyelli Ornekleri

e “critical moments in the classroom when students created a moment of choice or
opportunity” waworski, 1994, p. 527)

 “novel student idea(s] that prompt teachers to reflect on and rethink their
INnstruction” (Schifter, 1996, p. 130)

o “potentially powertul learning opportunities” (pavis, 1997, p. 360)

o “Significant mathematical instances” (pavies and Walker, 2005, p. 275)

e “[student’s] comment provides the fodder for a content-related conversation”
(Schoenfeld, 2008, p. 57)

 “crucial mathematic hinge moment[s]” (thames and Ball, 2013, p. 31)
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Three Characteristics of a MOST
MOST’un Uc¢ Karakteristigi

e Students
e Mathematics
* Pedagogy



Three Characteristics of a MOST
MOST’un Uc¢ Karakteristigi

e Students—Student Thinking
 Mathematics
* Pedagogy



Three Characteristics of a MOST
MOST’un Uc¢ Karakteristigi

e Students—Student Thinking
 Mathematics —Mathematically Significant
* Pedagogy
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Three Characteristics of a MOST
MOST’un Uc¢ Karakteristigi

e Students—Student Thinking
 Mathematics —Mathematically Significant
 Pedagogy—Pedagogical Opportunity
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A public contribution Ogrenci Mathematical Satisfies three
by a student Diisiinmesindeki Opportunities characteristics
Bir 6grencinin genele acik Matematiksel In Student Uc karakteristigi
J 9 ¢ Firsatlar Thinking ¢ J

katkisi karsilar

1. Student Mathematical
Thinking

Mathematical
Point

Matematiksel
Nokta

1. Ogrenci Diisiinmesi




A public contribution Ogrenci Mathematical Satisfies three
by a student Diisiinmesindeki Opportunities characteristics
Bir 6grencinin genele acik Matematiksel In Student Uc karakteristigi
Firsatlar Thinking

katkisi karsilar

2. Mathematically
Significant

Is the mathematics of the student contribution

* not too hard, not too easy?
 related to goals for student learning?

Ogrenci katkisindaki matematik

e cok zor da deqil, cok kolay da degil mi?
(Seviyelerine uygun mu?)

e Ogrenci 6grenmesine yonelik hedeflerle
ilgili mi?

2. Materr_l_atiksel
Acidan Onemli
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A public contribution Ogrenci Mathematical Satisfies three
by a student Diisiinmesindeki Opportunities characteristics
s - Matematiksel in Student . o
Bir 0grencinin genele acik Firsatlar Thinking Uc karakteristigi

katkisi karsilar

3. Pedagogical
Opportunity

Is there something for the
students to make sense of?
Is the pedagogical timing right?

Ogrencilerin anlamlandiracagi bir
sey var mi?
Pedagojik zamanlama dogru mu?

3. Pedagojik
Firsat
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A public contribution Ogrenci Mathematical
by a student Dusuinmesindeki Opportunities
o . Matematiksel in Student
Bir ogrenc;z;rlllglenele acik Firsatlar Thinking
Student Mathematical Mathematically
Thinking Significant

Is the mathematics of the student contribution

e not too hard, not too easy?
 related to goals for student learning?

Mathematical

Point Ogrenci katkisindaki matematik

e cok zor da deqil, cok kolay da degil mi?
(Seviyelerine uygun mu?)

e Ogrenci 6grenmesine yonelik hedeflerle
ilgili mi?

Matematiksel
Nokta

Matematiksel Acidan

Ogrenci Dusliinmesi Anemli
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Satisfies three
characteristics

Uc karakteristigi
karsilar

Pedagogical
Opportunity

Is there something for the
students to make sense of?
Is the pedagogical timing right?

Ogrencilerin anlamlandiracag bir
sey var mi?
Pedagojik zamanlama dogru mu?

Pedagojik
Firsatlar
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Let’s look at an example of a MOST

MOST’un bir ornegine hep beraber bir bakalim



An example

Ms. Cluff’s class was working on this problem:

The Percent Discount Problem:

The price of a necklace was first
increased 50% and later decreased
50%. Is the final price the same as
the original Price? Why or why not?

Liza’s (incorrect) public claim: The prices
would be the same because the price would
iIncrease and decrease the same amount.

Liza’s claim is a MOST because it satisfies all three
characteristics of a MOST.

Bir ornek

Bayan Cluff’in sinifi asagidaki problem Uzerinde calisiyor:

25

Yiizde Indirim Problemi:

Kolyenin fiyatina once %50 zam
yapllr, sonra %50 indirim yapullr.
Son durumda kolyenin fiyati orjinal
fiyatiyla ayni midir? Neden ayni ya

da ayni deqil?

Liza’nin (yanhs) iddiasi: Fiyatlar ayni miktarda
artacagl ve azalacagi icin fiyatlar ayni olacaktir

Liza'nin iddiasi bir MOST 'tur cunki MOST’un Uc¢
Ozelligini de karsilamaktadir.



A public contribution Ogrenci
by a student Dusunmesindeki
Matematiksel

Bir 6grencinin genele acik
katkisi

Firsatlar

1. Student Mathematical
Thinking

Mathematical
Point

Matematiksel
Nokta

1. Ogrenci Diisiinmesi

in Student

Thinking karsilar

Liza’s claim satisfies Student Mathematical

Mathematical Satisfies three
Opportunities characteristics

Uc karakteristigi

Thinking because engaging with it could help the
class better understand that “n% of an amount B” is

a quantity that changes as the value of B changes.

Mathematical
Point of the
MOST

Liza'nin iddiasi Ogrenci Diisiinmesi 6zelligini
karsiliyor cunku bu iddia ile ilgilenmek sinifin sunu

anlamasina yardimci olabilir: “B miktarinin %on’si,” B
degeri degistikce degisen bir niceliktir.

MOST'un
Matematiksel
Noktasi




A public contribution
by a student

Bir 6grencinin genele acik

katkisi

2. Mathematically
Significant

Ogrenci
Dusunmesindeki
Matematiksel
Firsatlar

Is the mathematics of the student contribution

* not too hard, not too easy?
 related to goals for student learning?

Ogrenci katkisindaki matematik

e cok zor da deqil, cok kolay da degil mi?
(Seviyelerine uygun mu?)
e Ogrenci 6grenmesine yonelik hedeflerle

iIgili mi?

2. Materr_l_atiksel
Acidan Onemli

Mathematical Satisfies three
Opportunities characteristics
in Student

Thinking Uc karakteristigi

karsilar

Liza’s claim satisfies Mathematically Significant because
it is at the right level of difficulty for these students to
engage with - not too easy, not to hard - and it was what
they were to be learning.

Liza'nin iddiasi Matematiksel Acidan Onemli
olma oOzelligini karsiliyor cunku

bu O6grencilerin ilgilenebilecegi en uygun zorluk
seviyesindedir - ne ¢cok kolay, ne de cok zor - ve
ogrenecekleri sey de zaten buydu.
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A public contribution

Ogrenci

by a student Dusunmesindeki

Bir 6grencinin genele acik
katkisi

3. Pedagogical
Opportunity

Is there something for the
students to make sense of?
Is the pedagogical timing right?

Ogrencilerin anlamlandiracagi bir
sey var mi?
Pedagojik zamanlama dogru mu?

3. Pedagojik
Firsatlar

Matematiksel
Firsatlar

Mathematical Satisfies three
Opportunities characteristics
in Student

Thinking Uc karakteristigi

karsilar

Liza’s claim satisfies Pedagogical Opportunity because
many of the students had the same thinking while others
had correct thinking and as a class they saw the need to
make sense of the claim and they were ready to do so.

Liza'nin iddiasi Pedagojik Firsatlar ozelligini karsiliyor
cunku sinifta bazi 6grenciler dogru dustinmus olsalar da
aslinda bircogu Lizzie gibi dUstinmekteydi. Sinif ta bir merak
uyandi ve boylece Lizzie nin iddiasini anlamlandirma gereqi
gorduler. Bunun icin de hazirdilar.
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Ms. Cluff has recognized a MOST.
What should she do?

Bayan Cluff bir MOST fark etti.
Simdi O ne yapmali?



MOSTs are opportunities for...

...the teacher to make student thinking the object of consideration by the class
In order to engage the class in joint sense making about that thinking
to better understand an important mathematical idea.

MOST'lar sunlar icin firsatlardir...

...onemli bir matematiksel fikri daha iyi anlayabilmeleri i¢in sinifin bu didstnme
hakkinda ortak bir kavrayista bulunmasini saglamak amaciyla, 6gretmenin 6grenci
dustnmesini sinifin dikkate alacagi bir nesne haline getirmesi icin.
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MOSTs are opportunities for...

...the teacher to make student thinking the object of consideration by the class
In order to engage the class Iin joint sense making about that thinking
to better understand an important mathematical idea.

MOST'lar sunlar icin firsatlardir...

...onemli bir matematiksel fikri daha iyi anlayabilmeleri i¢in sinifin bu didstnme
hakkinda ortak bir kavrayista bulunmasini saglamak amaciyla, ogretmenin
ogrenci dusunmesini sinifin dikkate alacagi bir nesne haline getirmesi icin.
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MOSTs are opportunities for...
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MOSTs are opportunities for...

...the teacher to make student thinking the object of consideration by the class
In order to engage the class Iin joint sense making about that thinking
to better understand an important mathematical idea.

MOST'lar sunlar icin firsatlardir...

...onemli bir matematiksel fikri daha iyi anlayabilmeleri i¢in sinifin bu didstnme
hakkinda ortak bir kavrayista bulunmasini saglamak amaciyla, 6gretmenin 6grenci
dustnmesini sinifin dikkate alacagi bir nesne haline getirmesi igin.
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MOSTs are opportunities for...

...the teacher to make student thinking the object of consideration by the class
iINn order to engage the class in joint sense making about that thinking
to better understand an important mathematical idea.

MOST'lar sunlar icin firsatlardir...

...onemli bir matematiksel fikri daha iyi anlayabilmeleri icin sinifin bu dusunme
hakkinda ortak bir kavrayista bulunmasini saglamak amaciyla, 6gretmenin
ogrenci dusunmesini sinifin dikkate alacagi bir nesne haline getirmesi icin.

34



MOSTs are opportunities for...

...the teacher to make student thinking the object of consideration by the class
In order to engage the class in joint sense making about that thinking
to better understand an important mathematical idea.

MOST'lar sunlar icin firsatlardir...

...onemli bir matematiksel fikri daha iyi anlayabilmeleri icin sinifin bu distinme
hakkinda ortak bir kavrayista bulunmasini saglamak amaciyla, 6gretmenin 6grenci
dustnmesini sinifin dikkate alacagi bir nesne haline getirmesi icin.
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MOSTs are opportunities for...

...building on a MOST.

MOST'lar sunlar icin firsatlardir...

...bir MOST Uzerine insa etmek icin.
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What is Building on a MOST?

Bir MOST’un Uzerine insa etme nedir?

(Cevirmen Notu: Bundan sonra Building on a MOST ifadesi MOST’a
Dayanan Ogretim Uygulamasi olarak ifade edilecektir.)
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QUILDING

What is building MOST’a Dayanan Ogretim

on a MOST? - Uygulamasi Nedir?
* A teaching practice that takes « Onemli matematiksel gerceklerin
full advantage of the opportunity anlasiimasi icin MOST'un sundugu
a MOST provides to make sense firsattan tam anlamiyla yararlanan
of important mathematics bir 6gretim uygulamasidir.
 Engaging the whole class in a e MOST'un merkezindeki
joint sense-making discussion matematigi anlamaya odaklanan
focused on understanding the ortak bir anlamlandirma
mathematics at the heart of the tartismasina tum sinifin dahil

MOST ~ edilmesidir.




From the Literature: Teacher Actions that Support Sense-Making
Literatir: Anlamlandirmayi Destekleyen Ogretmen Eylemleri

* Prompting students to make sense of an individual student contribution
Bireysel Ogrenci katkilarini anlamlandirmaya tesvik etmek
* pressing for justification (prageset, 2014; Ellis et al., 2019)

* asking probing questions webb et al., 2019)
* requesting that students evaluate the correctness of an idea (prageset, 2014; Bishop et al., 2016)

* asking students to reflect on an idea iis et al., 2019)




From the Literature: Teacher Actions that Support Sense-Making
Literatir: Anlamlandirmayi Destekleyen Ogretmen Eylemleri

* Prompting students to make sense of an individual student contribution
Bireysel Ogrenci katkilarini anlamlandirmaya tesvik etmek

* Supporting students to make sense of how ideas are related
Fikirlerin nasil iliskili oldugunu anlamlandirmada 6grencileri desteklemek
* positioning one student contribution relative to another webb et al., 2019)

* requesting that students make connections among two or more contributions (Lineback, 2015;
Bishop et al., 2016)




From the Literature: Teacher Actions that Support Sense-Making
Literatir: Anlamlandirmayi Destekleyen Ogretmen Eylemleri

* Prompting students to make sense of an individual student contribution
Bireysel Ogrenci katkilarini anlamlandirmaya tesvik etmek

* Supporting students to make sense of how ideas are related
Fikirlerin nasil iliskili oldugunu anlamlandirmada 6grencileri desteklemek

* Keeping students focused on the contribution that they are making sense of
Ogrencilerin anlamlandirdiklar 6grenci katkisini odaklanmalarini saglamak
* putting unrelated ideas aside (prageset, 2014)
* redirecting students’ attention (Lineback, 2015)




From the Literature: Teacher Actions that Support Sense-Making
Literatir: Anlamlandirmayi Destekleyen Ogretmen Eylemleri

* Prompting students to make sense of an individual student contribution
Bireysel Ogrenci katkilarini anlamlandirmaya tesvik etmek

* Supporting students to make sense of how ideas are related
Fikirlerin nasil iliskili oldugunu anlamlandirmada 6grencileri desteklemek

* Keeping students focused on the contribution that they are making sense of
Ogrencilerin anlamlandirdiklari 6grenci katkisini odaklanmalarini saglamak




Coordinated Collection Ogretmen Eylemlerinin Esgidiml

of Teacher Actions Bir Sekilde Bir Araya Gelmesi
* Conducting a whole-class discussion * Belirli bir 6grenci katkisini anlamlandirmaya

focused on making sense of a particular odaklanan sinif tartismasini ylrutmek

student contribution requires a ogretmen eylemlerinin esgudimlu bir sekilde

coordinated collection of teacher bir araya gelmesini gerektirir.

actions. p

» Smith ve Stein (2018), yUksek bilissel istem
gerektiren etkinlik etrafinda sekillenen bir sinif
tartismasini yonetmek icin bu tir 6gretmen
eylemlerinin esgudumlu bir sekilde bir araya
gelmesini tanimlamigtir.

* Bir MOST, tim sinif tartismasi sirasinda

* Smith and Stein (2018) articulated one
such coordinated collection of actions
for orchestrating a whole-class
discussion around a high-cognitive
demand task.

° When 2] MOST emerges during 2] Whole_ . Ortaya (}Iktl@lnda sz kOnUSU katk| etl‘aflnda
class discussion, a different collection tartisma yurutmek igin eylemlerin farkli bir
of actions is needed to conduct a sekildr bir araya getiriimesine ihtiyac vardrr.

discussion around that contribution.

o ‘MOST a Dayanan
Building on a MOST Ogretim Uygulamasi




Methodology

Coded enactments for

teacher actions that
either supported or
didn’t support the
overall practice of
building

Analyze
Enactments

4 mini-tasks to elicit
predictable MOSTs
49 videorecorded
enactments

Conceptualize
Building

Create
Enactments
of Building

Share with
Teacher-
Researchers

12 secondary school
math teachers
(grades 6-12)

e




Methodology

Coded enactments for

teacher actions that
either supported or
didn’t support the
overall practice of
building

Analyze
Enactments

4 mini-tasks to elicit
predictable MOSTs
49 videorecorded
enactments

Re-
Conceptualize
Building

Create
Enactments
of Building

Share with
Teacher-
Researchers

12 secondary school
math teachers
(grades 6-12)

e




QUILDING

®

The Four Elements of Building Building: Dort elementten olusur

1. Tartisilacak nesne olarak MOST’un

1. Establish the student mathematics of the e . o
ogrenci matematigini ortaya koyun.

MOST as the object to be discussed

2. Grapple Toss that object in a way that
positions the class to make sense of it

2. Sonra sinifin onu anlamlandiracagi sekilde
o nesneyi (MOST’u) konumlandirarak
tabiri caizse onu sinifa firlatin.

3. Conduct a whole-class discussion that 3
supports the students in making sense of
the student mathematics of the MOST

4. Make Explicit the important mathematical 4
takeaways from the discussion

. MOST’un 6grenci matematigini
anlamlandirmada 6grencileri destekleyen
tum sinif tartismasini yonetin.

. Tartismadan cikan onemli matematiksel
bilgileri aciga kavusturun.

Establish ‘ Conduct Mal_{e.
Explicit

Building on a MOST 46




Let’s look at an example of Building
on a MOST

MOST’un bir ornegine hep beraber bir bakalim



Recall our example MOST

The problem Ms. Cluff’s class was working on:

The Percent Discount Problem:

The price of a necklace was first
increased 50% and later decreased
50%. Is the final price the same as
the original Price? Why or why not?

Liza’s (incorrect) claim: The prices would be
the same because the price would increase
and decrease the same amount.

Mathematical Point: “n% of an amount B” is a
quantity that changes as the value of B changes.

Ms. Cluff recognized that Liza’s claim was a
MOST and decided to build on it. Let’s look at

how she did It.

48

MOST ornegimizi hatirlayin

Bayan Cluff’in sinifinin Gzerinde calistigi problem:

Yiizde Indirim Problemi:

Kolyenin fiyatina dnce %50 zam
yapilr, sonra %50 indirim yapillr.
Son durumda kolyenin fiyati orjinal
fiyatiyla ayni midir? Neden ayni ya

da ayni deqil?

Liza’nin (yanhs) iddiasi: Fiyatlar ayni miktarda
artacagl ve azalacagi i¢in fiyatlar ayni olacaktir.

Matematiksel Nokta : “B miktarinin %n’si,” B
degeri degistikce degisen bir niceliktir.

Bayan Cluff, Liza'nin iddiasinin bir MOST oldugunu
fark etti ve bunun Uzerine insa etmeye karar verdi.

Bunu nasil yaptigina bakalm.




The Teaching Practice of Building on a MOST
MOST’a Dayanan Ogretim Uygulamasi

Sinif tartismasi icin MOST'u ortaya
koymak, belirgin bir nesne haline getirmek

W Make

Building on a MOST

D




Ms. Cluff Established Liza’s claim, the

Establish

Make

student mathematics of the MOST, as the
object to be discussed by writing it on the

board:

: K .
tinal = original
Nes
\W\cNease ona aecrease

Y e sowe aMauny

MOST'u sinif ici tartigsma icin ortaya koymak,
belirgin bir nesne haline getirmek

Bayan Cluff, Liza’nin iddiasini, yani MOST 'un
ogrenci matematigini, tartisilacak nesne
olarak tahtaya yazmak suretiyle belirtti,

ortaya koydu.

son _ orijinal
final = original
%es Evet
The pY\ce wi\\  fiyat

Woxvease ownd Aecxease artacak ve azalacak

VY nmre Soawe AWaUNY  ayn miktarda

QUILDING
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QUILDING

CONVERSATIONAL BUBBLE
ETKILESIMLI BALON

/ o\sG“ss‘ON \ .
Pg,s Ms. Cluff said to the students, “Okay,
\&0\’ we’re going to make sense of Liza’s
claim, so make sure to connect what

you say to her claim.”

Bayan Cluff 6grencilere sunlar dedi:
“Tamam, Liza'nin iddiasini anlamaya
calisacagiz, bu yuzden soylediklerinizi
onun iddiaslyla iliskilendirdiginizden
emin olun.”




The Teaching Practice of Building on a MOST
MOST’a Dayanan Ogretim Uygulamasi

% Establish

MOST'u sinifin onu anlamlandiracagi sekilde
konumlandirmak, tabiri caizse belirgin hale
gelen MOST'u "sinifa firlatmak™

T

Make

Conduct Explicit

n a MOST

O



Make

Establish Conduct

Grapple Toss Explicit
MOST'u sinifin onu anlamlandiracagi sekilde
konumlandirmak, tabiri caizse belirgin hale
gelen MOST'u "sinifa firlatmak"
Ms. Cluff Grapple Tossed the established Bayan Cluff, ortaya koydugu nesneyi, sinifin
object in a way that positioned the class to onu anlamlandiracagi bir sekilde “firlatmay!”
make sense of it by asking them, “How does onlara su soruyu sorarak gerceklestirmis
Liza’s claim hold up mathematically?” oldu: "Liza'nin iddiasI matematiksel olarak
. . f)ll
L nasil gecerlidir”
final = OV\OS\T\O.,Q son orijinal
Nes S S
The p¥ice W q f 0\ = onanal
€5 fiyat
o A\aUNY artacak ve azalacak
3 we same Novease ONd decrease

ayni miktarda




The Teaching Practice of Building on a MOST
MOST’a Dayanan Ogretim Uygulamasi

Tartismayi yurutmek

T

Building o

Make
Explicit




Make
Explicit

Conduct

Tartismay! yurutmek

While Ms. Cluff was Conducting a whole-class Bayan Cluff, 6grencilerin MOST'u
discussion to support the students in making sense anlamlanladirmalarini desteklemek icin tUm sinifla bir
of the MOST: tartisma yuruturken:
Stuart disagreed with Liza’s claim and said “the Stuart, Liza'nin iddiasina karsi cikti ve "fiyatlarin
prices would not increase and decrease by the aynl miktarda azalip artmaz" dedii.

same amount.”

Ms. Cluff asked Stuart, “Why not?”

Bayan Cluff, Stuart'a "Neden olmasin?" diye sordu.

Stuart su cevabi verdi: “Cunku bir kolye 100

Stuart responded, “Because, if a necklace is 100 dolarsa ve %50 artarsa 150 dolara cikiyor. Ve %50
dollars, and it increases by 50%, then it goes up azalirsa 75 dolara iniyor. CUnkU %50 fazlasinin
to 150 dollars. And if it decreases by 50%, it goes yarisini alarak miktari azaltiyorsunuz.”

down to 75 dollars. Because you’re decreasing by

half of the amount of the 50% more.” Stuart'tan 150 dolara ve 75 dolaria nasil ulagtigini

paylasmasini istedikten sonra Bayan Cluff bunu
After asking Stuart to share how he got both $150 tahtaya kaydetti:
and $75, Ms. Cluff recorded this on the board: QWILDING

neck\oce = $100

ne oy 507.: 507 oF 100 ° o0 %%
100 + 60 = $150
507. of 190 = 335 "‘/

55

kolye  neck\oce = $100
me by 507.: 907 of 100 ° o0
100 + 60 = $190
507. of 190 = $35




QUILDING

Conduct @ Tartismayi yurutmek

The Conducting conversation continued:

J/ YUurutme suUrecindeki konugmalar sOyle devam etti:

Liza chimed in with, "Well, | used an example too,
but | started with $20." She shared her example,
which Ms. Cluff recorded on the board:

$20 +\0 = 30

Negw\ace -
§20 -10 =20

Ms. Cluff asked the class to think about how
Stuart’s approach related to Liza’s approach.

Juanita said, “If you did 50% of 20, you get 10,
and then you add that 10 to 20 to get 30. Then
50% of 30 equals 15.” Ms. Cluff wrote:

50/ of $20:10
§20+\0: 30

507. of 30 * ¥
30- \G- $\5

Several other students explained that it matters
what number you take 50% of, and that the
decrease amount would be different because you
take 50% of a different number. Liza agreed, as

did the rest of the class.
56

Liza araya girdi: "Ben de bir ornek sayi verdim ama ben 20
dolar olsun diye disundim." Bayan Cluff'un tahtaya
Liza’nin dediklerini kaydetti.

$20 +\0 = 30

kolye neck\ace -
Y = §20 -10 =20

Bayan Cluff siniftan Stuart'in yaklasiminin Liza'nin
yaklasimiyla nasil baglantili oldugunu dusunmelerini istedi.

Juanita soyle dedi: "20'nin %50'sini alirsaniz, 10 elde
edersiniz ve sonra bunu 10 ile 20'yi toplayarak 30 elde
edersiniz. O zaman 30'un %50'si 15'e esittir." Bayan Cluff
sunu yazdi:

50/ of $20 : 10
§20+10 = 30

5Q07. of 30 ° $15
30- \6"$\5

Birkac 6grenci de hangi sayinin %50'sini aldiginizin 6neml
oldugunu, %50'sini farkli bir sayi aldiginiz icin azalma
miktarinin da farkli olacagini acikladi. Sinifin geri kalani gibi
Liza da bu fikre katildi.



The Teaching Practice of Building on a MOST
MOST’a Dayanan Ogretim Uygulamasi

Tartismadaki onemli
Matematiksel fikri aciga
kavusturmak

T

Make
Explicit

Establish ‘ Conduct

Building on a MOST

¥/



Make Explicit

Ms. Cluff asked the class, “What have we
learned here that would help us in general
when working with percents?”

A student responded, “Remember to pay

D

attention to what you are taking the percent

of” and the other students nodded their
heads In agreement.

Ms. Cluff inferred that the important

mathematical takeaways from the discussion

had been Made Explicit.

Establish ‘ Conduct

Tartismadaki onemli Matematiksel
fikri aciga kavusturmak

Make
Explicit

Bayan Cluff sinifa sunu sordu: “YUzdelerle
calisirken genel olarak bize yardimci olacak
ne ogrendik burada?”

Bir 6grenci "Neyin yuzdesini aldiginiza dikkat
etmeyi unutmayin” yanitini verdi ve diger
ogrenciler de onaylayarak baslarini salladilar.

Bayan Cluff, tartismadan elde edilen 6nemli
matematiksel cikarimlarin Aciga Kavustugu
sonucuna vardi.

QUILDING
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Bu, MOST'a dayanan 6gretim uygulamasinin yalnizca bir 6rnegiydi.

Bunun 6gretmen ve 6grenci sayisi kadar farkli cesitleri

That was but one example of Building on a MOST.
There are as many variations as teachers and students!

MOST’a Dayanan Ogretim

The Four Elements of Building Uygulamasinin dort unsuru

1. Establish the student mathematics of the 1. Sinifta tartisilacak nesne olarak MOST un
MOST as the object to be discussed ogrenci matematigini agikca ortaya

koymak

2. Grapple Toss that object in a way that Y )
positions the class to make sense of it 2. MOST'u sinifin onu anlamlandiracag

3. Conduct a whole-class discussion that gekilde konumiandirmak, tabiri caizse

' belirgin hale gelen MOST'u "sInifa

supports the students in making sense of

the student mathematics of the MOST firlatmak

3. MOST'un 6grenci matematiginin

4. {(Vlekrke Exp l'fc't thtf\ m:jportant mathematical anlamlandiriimasinda ogrencileri
AReaways from the discUssion destekleyen bir sinif tartismasi yurutmek
i 4. Tartismadaki onemli Matematiksel fikirleri
Establish Conduct . . o
‘ Explicit aciga kavusturmak

Building on a MOST

59




The Teaching Practice of Building on a MOST

MOST’a Dayanan Ogretim Uygulamalari

Sinif ici tartisma icin MOST’u acikca ortaya
koymak, belirgin bir nesne haline getirmek

Explicit

Tartismayi yurutmek

MOST'u sinifin onu anlamlandiracagi sekilde Tartismadaki onemli
konumlandirmak, tabiri caizse belirgin hale Matematiksel fikri aciga
gelen MOST'u "sinifa firlatmak” kavusturmak

Dort unsurdan olusur: Establish, Grapple Toss, Conduct & Make Explicit
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Using a public record to support
joint sense-making discussions

Ortak anlamli tartismalan desteklemek
IcIn genele acik kayitlarin (tahtaya
yazilan seyler) kullaniimasi




QUILDING

e

Ortak anlamlandirma tartismalarini

Using a public record to support desteklemek icin genele acik kayitlarin

joint sense-making discussions

kullaniimasi
» Results that apply to all joint sense-making » TUm ortak anlamlandirma tartismalari icin
discussions. gecerli olan sonuclar.
» First our definition of public record.  llk olarak genele acik kayit tanimimiz.
» Then a look at Ms. Cluff’s public record - Daha sonra Bayan Cluff'un genele acik
and how it might be improved. kaydina be bunun nasl

gelistirilebilecegine bir bakilmasi. .
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Public Record

a physical representation that
captures the ideas that emerge during
a discussion and can be accessed at
any time by everyone in the class

Genele Acik Kayitlar

bir tartisma sirasinda ortaya cikan fikirleri
gOsteren ve siniftaki herkesin istedigi
zaman erisebileceqi fiziksel bir temsil

03
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Want public records that scaffold joint sense making

Ortak anlamlandirmayi destekleyen genele acik kayitlari isteyiniz




The public record from Ms. Cluff’s discussion of the Percent Discount Problem

D

The Percent Discount Problem:

The price of a necklace was first
increased 50% and later decreased
50%. Is the final price the same as

the original Price? Why or why not?

Yiizde Indirim Problemi:

Kolyenin fiyatina dnce %50 zam
yapilr, sonra %50 indirim yapullrr.
Son durumda kolyenin fiyati orjinal
fiyatiyla ayni midir? Neden ayni ya
da ayni deqil?

son orijinal

Final i <oric>3mou€

Nee¢ Evet
The pYice wi\W\  fiyat Liza’s Claim

Wcvease ownd cecxease artir ve azalt Liza’nin iddiasi

\O\j wie Sawe awauny ayni miktarda

kolye NeCk-\avce = $100
ne oy 507.: 507. of 100 = 90
100 + 60 = $150
507. of 190 = $35

neck\dce = $20 210 = 30 k Liza

Stuart

§230 -10 =720
507 of $20 = 10
§20 +\0 = 30 Juanita

507, of 30 * ¥
30- \5"%\5

Bayan Cluff'un Yiizde Indirim Problemi hakkindaki tartismasinin genele acik kayd

o4



Use color (or labels) to distinguish contributions

son orijinal | > |
final = originod final = original
Nee ve .le,as (IDIal.m Nee
Tne pYice WA\ fiyat Liza’nin iddiasi The. pr\ce AW
\WCxvease ownd cecxease artir ve azalt evease ond decrease
YY e sSowe awauny ayni miktare YY e Same AMOUNE
kolye Neok-\ace = $100 necklace - $100
it Ml Soé\(‘):'f()‘oo - Stuart . B o O;\\C‘Zo%: >
100 + 60 - 100 + 50 =
507. of 150 = $35 507 o€ 180: $35
Necklace = £20 7150 o Liza Necklace - 20210 ° %0
607 of $20 - \C.) - 507. of $20 =10
kbl Juanita $20 +10 = $30
507. of 30 35;‘5 / 507, 0f 30: 15
30- 157 ¥ z 3016 $15

Katkilari ayirt etmek icin renkleri (veya etiketleri) kullanin
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Place similar contributions in “yes” and “no” columns

neck\oce = $100
inc. oy 90I. - 507. 0% \00 =90

100 + 90 - $\o0
507 of 90 - $35

neck\ace = $20 *10 = 30
$20 -10 = 20

50/. of $20 - 10
$’2_o rl0 = $30

S50/. of 30: 15
20-15:%16

, >
Final = Or\cﬁma,Q

\/QS \NO

The price will i0C@OSE ciaie - g

onad decxease oY Y\he  inc. by Sor - 601 0f 100 = SO
100 + 50 = §\50

SoNNe ONNOUOT 507 of 150 : $715

507. of $20 - 10

V\EOY—\O\Ce : $20 +\0 = 30 $2O + 10 = $30
$30 -10 =20 507 of 30: 15
30-15:%15

Benzer katkilar “evet” ve "hayir” sutunlarina yerlestirin



Use parallelism (similar structuring) to scaffold ideas

| I
Final = OV\%\(\@,Q

(\/QS\ U\\O_

\
T\(\E’, price will lexrease, P
ond decxease Y The  inc. by sor - 501.0¢ 100 =50
100 + 50 = $\50
soxne AoV c07 of 150+ $715

50/. of §20 =10

Neck\ace = $20 +\0 = 30 $20 +10 = $30
§30 -10 - 20 507. of 30: 15
30-15:3%15

| -
Fina) = Or\cﬁmoﬂ

Wes) No)

T\/\B pvice wi\L texeose necklace - $\~OQ_

ond decrease oy the 507. of $100 is $50
NG. 01.: ’
Sone AMNOUNT C b\js 501. . $l00 + $S0 $\50

oy of $160 ie &35
dec. oy 901 $150- $75- §15

necklace = $20 necklace : $20

607, o $20 ¢ $10 507. o€ §20 is $\O
e oy 807+ $20 +Hl0 = §20 NG Yoy 601 $20 + §10 < $30
dec. oy 901§ 30 - $10 < $20 607, of § 30 is $\S

dec. loy 607.; $30 -4\5 = $15

Fikirleri desteklemek igin paralellik (benzer yapilanma) kullanin



The reorganized public record to highlight distinguishing, placement, and parallelism

?

final = oriinel

Nes | ’
The pT\CQ w W\ @ o S\ \NO-\
3 - B
novease ovd Becrea N The price will increose  Necklace = $100 g
Y "e sSame awaou o e 507. of $\00 is $50
neck\oce = $100 and: decrease INC. oy 5011 $100 + $50 - $150
ne by 507.: 507. of 100 * 00 Same NoUnT o of $180 is §5
- $150 . _§35, -
‘gg; S!;O\so . $35 dec. boy 901 $150- $15: §15
neck\ace = $20 +10 = 30
&30 -10 =20 Nneck\ace - $7_O necklace : $,20
607 of $20 = |0 o7 of $20 830 507. of $20 ic $10
§20 +10 = 30 e, oy 507.-$20 +9$l0 = §30 NG oy 6011 $20 + §I0 < $30
507. of 20 :$\5 / CLE’L\O\& 60/$3O‘$‘0‘$2-2_ 907. of $ 30 15 $\S
a0- 16: %15 ; dec. oy 607.0 $30 - 8\5 - $15

Ayirt etme, yerlestirme ve paralelligi vurgulamak icin yeniden duzenlenen genele acik
kayit
68



To better use a public record to
support joint sense-making
discussions

*Purposefully organize the public record by asking:

final i ori%‘\noﬁ
(No]

T\(\e pvice will increoge.  necklace = $loo
U the 507. of $\00 i3 §50
ond decrease Y G oy 501 400+ §50 - $150
Sane aMount. g9 of $180 is &6

Ortak anlamlandirma tartismalarini
desteklemek icin genele acik kayitlarin
daha iyi kullanimi

How do these shared ideas fit into the ongoing argument?

‘How might these ideas help the class move forward in

their joint sense making?

*How might the recording of these ideas help scaffold the
class as they move forward in this joint sense making?

‘Use the answers to those gquestions to:
distinguish between ideas,
‘consider the placement of ideas, and

‘seek parallelism of ideas

69

*Genele acik kayitlari sunlar sorarak amacli bir sekilde
duzenleyin:

‘Bu paylasilan fikirler devam eden tartismaya nasil uyuyor?

Bu fikirler sinifin ortak anlamlandirma konusunda
ilerlemesine nasil yardimci olabilir?

Bu fikirlerin kaydedilmesi, sinifin bu ortak anlamlandirma
yolunda ilerlemesine nasil yardimci olabilir?

*Bu sorularin cevaplarini kullanarak sunlari yapin:
-fikirler arasinda ayrim yapin,
fikirlerin yerlesimini digsunun ve

“fikirlerin paralelligini arayin.



QUILDING

Your turn Sira sizde

° What ideaS make sense to you? ° Hangi fikirler Size anlam“ geldl'7

» What are you confused by? » Kafanizi karistiran bir durum oldu mu?

- What are you wondering? » Merak ettiginiz bir sey var mi?

* Ne hakkinda daha fazla bilgi edinmek
- What would you like to know more about? istersiniz?
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Thank you! Tesekkur ederim!

Mathematical Building on
Opportunities Mathematical
in Student Opportunities
Thinking in Student
‘{ Thinking
Ogrenci
Dusunmesindeki Ogrenci Esitlikte
Matematiksel Diisiinmesine Giiclendirme
Firsatlar Dayanan
Matematiksel
Firsatlar

[ This work is based on work supported by the U.S. National Science Foundation under
[ Grant Nos. DRL-1720410, DRL-1720566, and DRL-1720613. [=].
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