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ABSTRACT

This study analyzed student noticing in a lesson that emphasized relational understanding of equal signs for first graders from
four aspects: centers of focus, focusing interactions, mathematical tasks, and nature of the mathematical activity. Specifically, the
instructional factors that emphasize the relational understanding of equal signs derived from previous research were applied to a
first-grade addition and subtraction unit, and then lessons emphasizing the relational understanding of equal signs were conducted.
Students' noticing in this lesson was comprehensively analyzed using the focusing framework proposed in the previous study. The
results showed that in real classroom contexts centers of focus is affected by the structure of the equation and the form of the
task, teacher-student interactions, and normed practices. In particular, we found specific teacher-student interactions, such as
emphasizing the meaning of the equals sign or using examples, that helped students recognize the equals sign relationally. We also
found that students' noticing of the equation affects reasoning about equation, such as being able to reason about the equation
relationally if they focuse on two quantities of the same size or the relationship between both sides. These findings have implications
for teaching methods of equal sign.
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ME
L E]/J2 gatutrt A o] ok WA o] 2FH] ThEX|TE A 24 Q1 SHo|A F0lE 7|&0]= Aol S DE7] = 5t (Cowie
et al., 2018; Mason, 2015), 2|5 7121 Zlo|| thall o g A| siA5tal ¥H-g-sh= Z17kA] 28617 = SHoh(Jacobs et al., 2010; Kaiser
etal, 2015). :=E]A] A1] F&S B A} ZQ|of| A& 2013 R E] E]A] B A7 3 S7HoH, 3] £5tu g3t A
P58} e 119 Bl o] =ohe As o 4= UAth(Kénig et al., 2022). U0l A = B 4Jof] tigk ¥H4lo] F7k5kaL L= F:Al0]
A%t Pang 2] (201701141 BI3l HEQ} o] Z-e]of] vl Il A= B3t A7 o|H ofH] WARY HA] WAL td o2 428 420
tigh Bt @ & E-83F A7 F 2 o] R0 th= Aol A okl Zo] Utk §5] WAL B4 A7} Eis] o] o] SRk,
Jacobs et al., 2010; van Es & Sherin, 2006) SH3 9] - E] & ThE A= =90l = Wx] ¢tom, £35] S Ujol| A= T & FtolH 7] 3l 5t
SEA|TE 22 sHY 9] Bl & TORE A5 AT EH MY o] LB & Aote A2 S °l Hop AJabd o 2 e 4J57] 9lsf
Slo] " R3HA| 7, ojw gt wAke] x| ¢lo] B RJHA| A = 7|27} Hih= Hol|A 48 &3 A=t 83 247} ¢
o}, 7414 0 & Lobato €] (2013)= 34 2] B 1} theisto] 4251 ThA| o] B4, wAate] e, shyt ey ol 4o akg, wA g3t 5

Ir H
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£ Zoll yehhs she) e S BAThe 22 A el B4 S olsiE 4 Sl 713 S A3tk Hunter®} Miller (2022)
ol M= o) EldS AR 23t sHYEo] SRl #5814 RS oA Bl URISIIEA], o2t 2 APt it
ol =go] H aladEo] FAUUA BA D 4 A on, 53] 45 3pA| 8l wj|l 727} 51449 gl ol JRF2 vl 7Hsdol
3L SPYSO] el Lrteh WA 2 A o2 A o] Qlokal BTt oA d MY e] ke thE s S8 Eo]
A Oiiﬂ*‘%P 243} o213t i B}/ o] Bz} of A AukE] Aol 2 S SHET
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7] flall Fol2 FHstaL FolE FEoHA] Aol tigt H 2 E A6l £ 4= k. o & &9l 52& A eske WM B E
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A= F2 WAS B9 A2 thE 1 UATHE], Jacobs et al., 2010; Son & Hwang, 2021; van Es & Sherin, 2002), SHJ
eI FAH 2 thE AT ], Hohensee, 2016; Hunter & Miller, 2022; Jones et al., 2022; Lobato et al., 2013; Wilkie, 2022). TH
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sehd sh 7900] 318 oIS Hgaks S ROl B ke RAlaISIch vl ehy el Anfnskal
Jacobs 9] (2010)2] A5 7]8EO & o] wALEo] 22 48t A& s Ash= Aol 4] FH ol tigh el S 24 A+
= 910 Campbell & Yeo, 2023), 7]20] A} 1B} loll 24 B 9174 B4 So|u Wi 2o] Aol mAle} shge] 4ot
§2j0 3 A Aol Mok STk BHoIA Yol 4B uHe 2] 23S BF WAle Py HA|] 4 E )
’d (Reciprocal noticing) & =415+ 1712 Q1 THDominguez, 2019). & A LollA= 522] BAA o|a] & 235 = A=ollx g9

e 2AEkA51917) e Lobato 9] 2013)2] A7-8 7]¥HO 2 84 el A3k
spy el o) At 2

Lobato 2] (2013)= =El/d= 2] HE FollA E4T 4-5H2 E4 oy #2142 AeskaL 3
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k= A& Q1 F9] 7]-2-0] 7] (excutive attention)2] 7HE-S 2d5to] WA AFSko] 2 7] THA|9] PSR EE REAS
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Lobato 2] (2013)= =E]4= 7112 QIA], Ak2] A 228, 542 A4 9 w4 78 (normed practices)ol] 4] 35| 445
= A eEke

Aoz FAstal o] 5 A5 Yl B4 E(focusing framework)S 274 2] S-4l(Centers of Focus, |5} CoF), 2155}
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64*3594 29| A4S 27 BAsto] 1 HSHE ghAIgH 213t 22 Hunter®t Miller (2022) 258t 281 297 0 2 LA H sk
ol A Y52 249 FAlS BT 2 AT E 5359] #AA ofell g Fxeh 258k 18hd o] A wA ¢
= J

=) 3}

Z Oﬂﬁ Ueht= el kel S AmE sl o u g Wil A2 28 Fof Yehd e gl 4] & A 6kalAk 7)1 Lobato 2|

(2013)2] FA 5= E-EoIoith o= A4 9 4= —Er’S‘.EH% 3P°"7] UH-‘jroﬂ A 7H7H?_194 A9 SA RS A
T 2 7] 2t} Hunter?} Miller (2022)2} Z2o] 74 514y

S350 A ol
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5 2.9 ¥AIA o|f(relational understanding)= 527t &2 TAE BEHTTH= AM-Z o]slioh= Z o] Th(Blanton et al., 2011). 5FA]
YEL ot Bl 525 olaletH, o] & AFuit 254 HEA| 575t 1 527t #AA 7| 2= ol
4 A=A P=AE 7IF 0= Y9 olsl| & st A7t QLT Kirean (1981)2 SH480] 52& “FARIZIE dteh= 4AlS(do
something signal) 2 AJZtetAL AL HE a0t 7IE R BZote 5 52 & &5 olsliohs A4y olsliet 557) ool 2
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DE F20] 5AE ols|E 4 = AIA At (relational thinking) 4522 W+ ThBlanton et al., 2018).
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Table 1. Teaching methods that emphasize relational understanding of equals signs.

Instructional factors Teaching methods Rationale
Emphasize the definition of the equals sign - Represent equations using relational words, models, etc. Blanton et al., 2018
- Highlight two quantities that need to be compared McNeil etal., 2015
- Utilize equations of all structure
Treating equations as objects of reasoning - Reason about equations in their entirety rather than as a series of computations. Donovan et al., 2022
- Determine whether an equation is true or false by comparing both sides of the Molina & Ambrose, 2008
equation.
Using equations with unknowns - Use structurally meaningful equations McNeil etal., 2015
- Compare both sides of an equation and look at the relationship between the two Stephen et al., 2013
quantities to find unknowns

rheo® Q7 Bl Matslt 15hd 1517 359 ST Al el S A s} X muek S walalol Bhele] 1Al X\ A
2 ASISIT TAE 0 2 B} wu el % 15344 B A9 AT 8,

13, ISKALE A|2IgE 1pA1 s Aol A B2
AHE FA[SHR o 529 o) g Fxs] sl vl o 545 ¢ ’*‘Il, g By} A4S E85e 52 A=
2 71E Y EEol 34 75.%0}913} 5 712 8, 13, 1504 = S50 TAIA o] 8|2 723k 2900 2 AW A LA 13-15
i]'}\loﬂ HHOE:]‘B‘]'O:] ;‘(—‘!‘%‘6‘ M—tq, 137(]‘/\]% 7]%_ 8i]—}\]_q] U]—E.]— _E-:.o’l /\ 01_7] 9\}\] o 7‘];}\]%

st 9 22 ToH BEOR, 14AHAIE 712 133049 AT A4S 2
57| 502, 1A A2 152e] VAT WA WEolu e HES 52 A
T £ Aol A AA 0)2 E8) Shge) el o] & Eelyt 133410 49 Al FHA 02 BAslelh
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Table 2. Lesson plan for a reorganized lesson 3

Unit Unit title Teaching methods Learning content
2~3  Let’s compose and decompose Emphasize the definition of the equals sign - Composition and decomposition numbers up to 9
4 Let’s talk Emphasize the definition of the equals sign - Understand the meaning of addition and subtraction by

looking at pictures, talking about addition and subtraction
situation, and using concrete objects to add or subtract.
5 How do we represent addition Emphasize the definition of the equals sign - Recognize addition situations and add with objects or
fingers
- Write and read addition expressions using +, = symbols
in addition situations based on concrete activities
6~7 Let’s do addition Emphasize the definition of the equals sign - Adding using drawing strategies, expression building
strategies, and more
- Adding with models (connecting cubes), go stones, and
counting boards
8 How do we represent subtraction Emphasize the definition of the equals sign - Recognize subtraction situations and subtract with
objects or fingers
- Write and read subtraction expressions using -, =
symbols in subtraction situations based on concrete
activities
9~10 Let’s do su btraction Emphasize the definition of the equals sign - Subtracting using drawing strategies, expression building
strategies, and more
- Subtracting with models (connecting cubes), go stones,
and counting boards
11 ‘What happens when you add or subtract zero? Emphasize the definition of the equals sign - Knowing and adding that you can add any number to
zero or any number to zero
- Knowing and subtracting that you can subtract zero from
any number or subtract any number with the result being

Zero.
12 How much do you know? - - Summarize what you learned in this lesson by solving
problems
13 Let’s do addition and su bstracion Full Reorganization (Original unit 8) - Deciding whether equations are true or false
- Solving open equation
14 Let’s play with addition and substraction Full Reorganization (Original unit 13) - Find two quantities of the same size (number cards) to

create equations of different structures
- Deciding whether equations are true or false
15 Let’s create addition and sub straction Full Reorganization - Create addition and subtraction expressions with
different structures
- Deciding whether an expression created is true or false

13X = A= TA) F 7R 2 54 12 1A|2F 54 812 2hAf|o|t). o] = A3 L(e], Kim et al., 2016; Matthews et al., 2012)

of|A] eHAo] S5 of th3t o] 2 &lols}r] Yol AFRH Z o & SA LZ THA|Ql ‘SA] 0] AR T THA= aib=c O] BE LR
gkofula} ‘a=bic’, ‘a=b, ‘atb=c+d' 9t T2 H|EE RO SA L RE 56t 2 AAI5HY o, dHgo] o)Xl SAle] 122 ojd
Al A=A, SAOIA T = o1 B A AASHEA], 529 oJH|E of gA| mhefsheAof wet sl G4 o] QIA] ARIA] TE
5 S Zlolet 7= it & AR 54 s THAIQ] Aol A [J9] 3he Fhe THAlE ‘atb=ctd 22| S4lof [12] A&
theFststo] AAlskglon, shgo] F£ojX FAlo] 25 o GA| siAShH=A], S FAHZ AT 5= =], PFRS o EA Hlw
Sh=Alol whet 9] Zh= 22 4 & 2ol 7o = ik

IAIE A7t Fell= Adé“oal? BXE 55 £29F 2 ZHK(Table 1)S WHY3to] 55.0] TAF ofsiE B2 +US ARt
FOom 1= 1331419 =G A
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Table 3. Lesson plan for unit 13 that emphasizes relational understanding of equal sign.

Steps Activities
Introduction - Review a definition of the equal sign

- Represent addition situations as expressions
Understanding of equation structure [Identify an equation as true or false]

- Recognize and understand task (individual)
- Discuss the truth of an equation (whole)
- Identify if an equation is true by comparing two sides without computing (whole)
Solving open equation by comparing two sides  [Find the missing value in an open equation]
- Recognize and understand task (individual)
- Find the missing value in an open equation (with teacher)
- Find the missing value in ‘a+b=c+d’ (whole)
- Find the missing value in an open equation by comparing two sides without computing (whole)

WAL 2 SHY - e RG-S ZHE 4 QR HE ¢ %P@%H]QQE%Q%Q ,—/r\—
A g2 8ok BEo] g9 FEA], 28 ut 52 B4 AR R Z-EoI0iT). U AR = ¥HEA H] a2 (constant
comparative method)2] 715 Z 2elo] AALE F5H Lobato 2] (2013)9] =AEof| A AASH U] 7kA]

= O
9J(open coding), H3}, | Alo] 4
d 4Rl 20l T4, MFothe AeAE, 8 A, 45t 5o A S Hig oz 7F 1A 2 Aof thsh 5HY 45 =&t

(Table 4, 5,6 =)

Table 4. Data analysis for the focusing framework with examples.

Focusing framework Description Examples of analysis
(Lobato et al., 2013, p.814) (In this study)

Mathematical Tasks (MT)  Features of the tasks that influence students Using all of equation structures
mathematical noticing and discourse Highlighting the equal sign

Placing the missing value in an open equation differently
Arranging tasks to reflect student understanding

Centers of Focus (CoF) Student noticing of properties, features, and Understanding all structure of equations including at+b=c; a=b+c, a=b; atb=c+d
regularities of mathematics Compare two sides to identify if an expression is true or find the missing value

Focusing Interactions (FI) Discourse and teaching actions that assist Teacher supported move to facilitate noticing of structure of equation, relationship
students to attend to particular centers of focus on both sides; or promote mathematical discussion, question posing, comparisons
without counting; or highlighting the definition of equal sign

Nature of Mathematical Participatory organization of the students and Whole class discussions
Activity NMA) teacher contributes to students accessing and Requiring individual students to state whether they agree or not with mathematical
reasoning their mathematics argumentation
Check individual student consent in full chat free speech atmosphere

ojuf, A HA 1A 241 2] FH(CoF)2 U HAEE 7RG sto] FAGHIIL 714 0 2 429 /ol A Lrehd H]
Aojd] Bd, 54 52 E-Eaelth /T oA EFE W8-S Matthews 2] (2012)2] 55 A 4lof thet /g A Zoj|A] 2} 5
U A 54 ot HEks 2R fFSsielon, FAE M7 A EAe YRS Z vhdeheA] ERlehe S
Y5FATHRyu et al,, 2018). ©Jm) 27 2] FA4l(CoF) == Table 54 H 5419] YH QAR YF5 AL AL A 9] drpgFAQl
SA RIAS], B2 A0 R SA QIAS], 27|17 22 T F S, FHE 2 AR Q1A ], o] BAol] FEsto] A= 2
a2 A2 F Ul 7EA] o], AlZF Aol whet S S Fofgho 24 7F 27 9] FAlo] sigshe a7t of 2] 7Rl 747 &4
Cig=
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Table S. Inductive code used to identify center of focus in the classroom videotaped data.
Task  CoF codes Description of codes Example
Task 1 CoFl,3,5 Students find the answer to determine whether an equation is true or In 7=5+2, focus on the numbers 7, 5, and 2
:Focusing on only some false, but instead of focusing on the equality of the two sides, they focus to recognize it as 7+5=2, or explain that the
elements of an equation or on only some elements of the equation (numbers, symbols) or perceive order of the 7 and 5+2 is reversed.
recognizing in one direction, the equation in one direction, operation-answer sequence.
ope ration-answer sequence

CoF4, 5 Students find the answer of the operations presented in any order to In 4+3=5+2, focus on the 5 on the right
:Recognize equations with determine whether an equation is true or false, and recognize that an side, explaining that the expression is
answers expression without operations is also true in the sense that it has an incorrect because the answer to 4+3 is not 5.

answer. However, instead of focusing on the equality of the two sides,
they only focus on some elements of the equation (numbers, symbols).

CoF6 Students focus on whether the two sides of the equation are the same to They explain that 4+3=5+2 is correct
:Recognize equivalent amounts, determine whether an equation is true or false. Instead of noticing the because 4+3 and 5+2 are each 7. However,
each side as an entirety relationship between the two sides of the equation, they calculate both they fail to note the relationship between 4

sides to see if they are equal. Recognize all elements of an equation and 5, 3 and 2.
(numbers, symbols) and focus on whether the sides are equal in any
order.
CoF2 Students focus on whether the two sides of the equation are the same Since 5+2=7 is the correct equation, 2+5=7
:Recognize equality by noticing to determine whether an equation is true or false. They notice the is also correct. This is because we added
the relationship between both relationship between the sides of the equation to see if they are equal. them in a different order, 5+2=7, without
sides or equations They can also note the relationship between the equations. having to do any calculate.
Task2 CoF7,9 Students find the answer the given operations in the equation to find In o+2=7+2, focus on the o, 7, and 2, to
:Focusing on only some the value of 0. But instead of focusing on the equality of the two sides, recognize it as 0+2=7 and answering that
elements of an equation or they focus on only some elements of the equation (numbers, symbols) the value of o is 5.
recognizing in one direction, or perceive the equation in one direction, operation-answer sequence.
ope ration-answer sequence

CoF9, 10 Students focus on whether the two sides to find the value of 0. Instead In 7+2=6+0, they answer the value of O as
:Recognize equivalent amounts, of noticing the relationship between the two sides of the equation, they 3 because 742 is 9.
each side as an entirety calculate both sides tosee if they are equal. Recognize all elements of

an equation (numbers, symbols) and focus on whether the sides are
equal, in any order.
CoF§, 10 Students focus on whether the two sides to find the value of 0. They In o+2=7+2, compare the two sides
:Recognize equality by noticing notice the relationship between the sides of the equation. They can also without calculating 7+2 and answer that the
the relationship between both note the relationship between the equations. value of Ois 7.
sides or equations

20 g T WA LA 2 A0 HZot= AT AHZ(FI) S Lobato 2] (2013)2 A YA L2 EE] £ 2
A MRS 7R 2 dsto] £A45190 F7HH 0 &2 24 GAdoll A LERd vy 1, B4 52 E-85to] AFche et
£(FI) 52 Table 62} 70| AA|5}2ATE. o] Lobato ] (2013)0l14] 7423817 ](highlighting) = =oil & =2 2halls}7], EA|5}7],
A 27| (annotating), 525 Foh= A2 Qnjshet], 2 Aol e o2t fAksHA ‘58] oju| Fxo7E 527t F ol 2ot

=5 A =90 Table 1) 272 4
Al

>

Table 6. Used to identify focusing interactions in the classroom videotaped data.

FI codes Description of codes Example
Highlighting the meaning of equals signs The teacher reinforce through gestures, models, and Writing the meaning of an equal sign on the
verbals that the equals sign is a relational symbol board, mimicking a scale using two arms, and
making circle on each side.
Presenting equations that reflect student errors The teacher provide specific equations that reflect Presenting "4+3=7+2" to reflect the student's
students' errors so they can see how their thinking is error that "4+3=5+2" is incorrect because the
flawed. answer is not 5.

Presenting equations with quantities, not numbers ~ The teacher present equations with specific quantities Presenting a situation with two students on the
rather than numbers so that both sides can be recognized right and left sides of the scale.

as awhole.
Transforming equations to recognize them as The teacher transform eqations that allows students to  In the equation 7+2=7+2, transforming the 7 on
objects of reasoning compare both sides or compare two equations to get a the left-hand side into a 6 to give the situation
value of 0. 7+2=6+0.
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Figure 1. Mathematical task 1

Journal of the Korean Society of Mathematical Education Series A 349



The Mathematical Education. Vol. 62, No. 3, 341-362

229) 34 1(CoF 1: S419] 2 4ok Y7t kg £4e] 2agael 54 2143

TARE S4 549 % AR WESHE A ThE7) Aol o] AlZkol HiRE Uhg-S 47141710} 713+, 29| oJu] 2 St}
1.2 Yol 9113 2.2 4ntelo} 2 ol 91X 2.2 3u}2AS Yo HFO R £ HMS B0l 13- YT o] F SHYS
oA A1) #7313 W BAlo] thsl AEA 0 2 2 4 Gk AIZHS oF 38 A AR 5 AA oS Atk A
A =9 SASOIA SAL AT AHAle) 2SR S42) #7450l A £ SolHE S ohfe § Zzke] ofzie] chs 1
O] f-5 WHoh= Ao 2 M= er ZLJ—PHOHH gt %% ‘atb=c’ :rL—%QJ %—’4(‘4+3 7, 3+4=T, 5+2 7)O 7§ d= EH—‘?——E— T

EX
=0L_r‘
> -
e
E
_,d
_1
Z
fijo
E
.l
_>,i
2
lo ru
HU
w o
39
X
rU

P
o
lo
*
~
S
=
>
1=
tA
rlr
e
-
Dol
3
lo
r o

Alell 753l M2 232 AAs]

ol
1_4
O::

SIYS2 AIAE TN 5 A SAIQ 3r4=70] AAFE T, CoF 1914 BT 2T FollA] 9.2 LaFalo] 1 AxA
2 S40] 7 ATt SAT WAL T 2 g 4 M%Ho Ho glertey ek ARsha LA HHA HelE §

ob8. ekl ISRl 43=7 T} 344=7 = 54| Atole] Aol 7015 7|2 oln] 27| FAlo] o] 5E 2S & 4 Uirh ol
40| FAA3 2pA0) B2 ot S40] e AURAW

=~

3t CoF 2= ‘5+2=70l| A &= UEFE=t] 5+2=72 CoF 104 B 2%
5+2=7 ZRE IA|of| AAHA = B2 54 245=T 2 o] BolUie BEe &
A= AT W= CoF 10] FAE = 58 HIAAT atb=c'?F AHH bra=c7} FolXS
ATk =5 AAE 5412 Art-Eo] BAI= QI AJsh= o] obd2t AlLkshA] A el HhE
HollH SAIS 2 & 2o ez thE 4 352 & 4 Uth

;b 3
54
32
_QL
o
_>rL
o
ol
o i
il
rlo
N
9
rﬁ
‘iu
i
ol
1
o

2789 341 3(CoF 3): S49) A% R40YT AFHAL AT £42) DGR 54 A3

I~

CoF 20114 A2 ThE 5-4] Ato] o] A Soll 5, '4+3=7'2 3+4=7 0] AR HHPo] TIdh Z1d& AaL 3+4=70] FTa 2L
T AAE SHYS0] ‘443=7, 3+4=T'3} 5+2=7, 2+5=7 Ato] o] TA|oll= FETHA] Z3TE FAA] 0.2 4+3=T 0l A 40 1THF T T
8l a1 30 19HF wj i S2ko] 70]7] w2of) '5+2=7"%e STkl 2 4= QU71E ZIHRA T SMEE2 “443=71F A1 542=70] &
A & 4 27k e Qo= F S Afo o] WAlofl F+ESHA] R3haL 242} 4439} 5+29] Aatol FF5ko] SAlo] FedS A
3k CoF 10] FAIES & 4 AT olX ™ AN 540 E/ol e} = 54 Aol o] #A|ofl F55}7] & skl F55H2] 26
7%= she 42 AT 4 AT oA T 1014 HELRZ ‘abic’ 29| FAIQ] T=5+27F AAIH S wl, MY E L TR
3 540l Aokl &g ST M =] & Sl wAbs 4 T=5127F 9 AR olefaL 7oA WET 4 = E 5H3lA
7183} Episodes 1418 sP¥50] HETE| SA|Te] Aol 2 AT et A T=5+2'8 B2 SAAH - oMz <

8

Cepase S olul 3, 557 AN 75k Ao 918 712014 ST ANE SHE EETE0) 543
sfela A= ek FHIHOE S AL 552 71F0E A 9ME vl 9k Fol7 37 47,5, zoﬂuJ 223001 7-307
8 7450’2 AR SNAYT EE S BE AAE T=527F AL ARE A o] Slo) 5 2t S
ofekan A Hgick. 2ol to] ke 3 3ol 1 Auzto] ANE EE TR 54 Pt frkw 4 :aﬂ 1 a2l 7- s+z’L &
A7} ubao] 13 kol AAElo] K] 9 AR Aolet 2k Aolch 2, S
o 912 71 801x] 93 AXH FAe] foljeh FEto] EET2| 5 A B0 HAFAL A

N
T
r#

l‘[o
olrt
fol
1z mlm
rTN
HU
3
rE
fllo
z
E
T

Journal of the Korean Society of Mathematical Education Series A 350



0|R%l/ S22 BHX O[S ZZH +A0fM LIEH = otdio] Eld 24

2

Episodes 1. Students' explanations for thinking 7=5+2" is wrong.
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Episodes 2. Determine if two sides are equal based on the definition of an equals sign.
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Episodes 3. Present equations that reflect student errors.
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Figure 2. Mathematical task 2
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A O[SHE Bzt +YUOlA LIEHHE ohdo| LEld &

1%

WSS AEAE 3(FI13): 57} obd &2 ol §3 54 ANsH]

spySol 270) FHL ABSHEE 57 98] 2 =olol 4 2} o] AB Gk Q145 gk 2T Q#2247 AR Q14
S| 5o ANTeEA] b Bl S 4 YUES A2 Belnh 42 Uehifx) gk ST S mstel AABHAT.

BAS 4 Episodes 447 M ol 22} 217 5 B2 ehS-= 42 olopr] WA O AIAFFOZH sHb50] 549 2
of Qunk 2851 9k 2 AL 242 AR AT 4 UEE AU CoF 7oA SIS A AR S8 AAES vlawsk
2ok3 Aol 272 B S ol 737 th2ol QNS Okefaka 7} S Shte] O AINT 4 YEF 47k obd A
o Bolg FEaith TAHOR 2 2E FEo] OO0l AAS Bl-= AHFS A oM BHS0] OO0lst AA A9
T AN B3} THE A2 0] G0 oft ] wslo} S fEsIITk 1 AT SIS S 40 Wkl AAZ Ei9lo} 32 it
OO0, o] F J3HS o] HS Gl £7 78 25 B9 THE o] £4 22 EHIOH o]t 45 T Efglo} o] E
A 2ot QA AR 4] =748 Adalo] 7k 4 9L Qhaleict

Episodes 4. Recognize and compare each side as a whole.
WAE of7] 2 A &0] 9loj 2. (M2 YZol| OO AA, 2220 002 0|28 #1) OO0 AAo|H gol g,
3213 00017t M7t o FobA $5kal E3lol 8. A HY (HE9] 8% O02] o] 52 £H)

OOe] gt o] tf AJZio]. 12/ o7l =5 7 & o Eiflof FZo] T2E71

A AAolL.

WAE (HEY] LEZR AAL] o5& 21) 17 AAC]: 2|7 I Fofofx] & S22 of| 5 o] 7] Eff]oFA]
A1 &o] F2o|A] =t g, o2&

A .

()
WAL (A& fFol 72t 2E 2A0) 1 offofl= 22F 72 B0l . A7, 2Bl al 2t 2E iRl 2. (&l &
20| 78 2n) I thZol of7]olli= T A 2 & Eiglo] 2. 23 H of 7ol = & Efflof A&o] &7 0] A]

01-2_7]].
G Ak }E* = 2AE “HOIE SorA L.
WA TR 2 AR gojopsie
sHAG: 70]9.
WA oA AN et luer 7 E 5] 2
AA: ofde.
WAL 9 7 6] 2 HEhA] Yot ELte?
SPUH: 2 AR SdorA 2.
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b5 7,2, Colg #53}0] £4t)2 £27

T2 O 2 Episodes S & 7+2=6+[1l| 4] 7]2] CoF1, 3, 5, 741 AAIE 5-4129] &
o] Aol B 7+a=[TA 7 Q1Alskar, [Jo] 3= 7+291 9= oAU [09] g2 302 2 T3 “7 B7] 2= oYzt ek 49
5t 2 AlLtete] g2 B

Episodes 5. Compute and compare two sides.
Ak 742 etk 25U 0ol 5012 £ E7F 23187122
SHYE: 92
WAL 742+ 6+99 FE YT Hotg?
SHYG: 74299, 6+9+= 1584 E3 Q. [J&= 3008,
WAE UR=30] ofeba AZstele (OFRE BESEHA] @rb) 13 o] 92 a4 Qlek AlAkslA] oFal e a4 Qlrk
SAIB: o] 97HE|HR 7 51| 2= 947t o] ko] 97} |l S lofjof sh=A] A4k Qb skl oF 4= %loj .
WAE: % 7+27F9ehs A vheF EEk B2 =t 0 7] 30] Foi7=A] o RA & 4 USSR
AL &7Fte g A HsEte
WAL E7FEE QF AN 7128 AleA] ¢ & 4= glE Tk

G 6432 ot £ 3lol
AFHe 352E A(F14): S22 Hshs 852 B3l 29 oz A4

Y SHYE0] FAE 5| EETLEAH SHASAY tiF-E YRS Alitsto] 255 Ethe A Yokt wAabe= o] A&
FEAgoA B E0] TAS AlNTeHA] o IS Blwsto] DS HY 4 =& |FEHTE TAHA 2 CoF 99] BEHE A
H WA= SHgE0] S AlLtsiof & tido] ofd Bl tid o ' RS 4 = E 57] flof A1&4 o= s SeA ALt
SFA] k1" FA| S s As) BE=E Q73 ShA| Tk S S0 A] “AlatetA] ek ek= X|AlQ] ofu| 7t BEketR] okt7] wiiol sy
2 “E7Fo R S HoljER”, “Staw of7h (AlAteHA] ghots) & 4= Qlof R, “HEl& o B (AL Flol QA Y B ¥
G| TAo F5512] ZHh

ojo]] WA= HEES HlALo] BHYE0] hA] 47 Y-S vl wato] ZH3-2 A HQHH S4] 742=742"2 A A|5}o] M= 1Al o
2 742=6+[15 A A3t} 742 O 2 Episodes 64 & 7+2=7+2'2] 2 7+20]|14 75 622 W} 2 thAlof] ofH 427} ofof &h] AY
7ol =& R Rk WAks 5AS Mdshs hle eHdEol & olsidl7] w2l fAlsH &7l o s Sidste e 5
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Episodes 6. Transform an equation to draw attention to the relationship between the two sides.
WAL (7R2=7R2E 2 70E 70E B8 A uhxo
3. dlota
WA (2] 7o g R otelol 68 24u)) 2 of7] 7 o] 6 ME Aol.
1§ o7] 2= 7Hs] gloj Wgote?
SHYB: 70| 6T 2o U7t 2= o AAJoF &l Q.
W 230 geeeg
SAH: 6HTF70] O Agote, J2juzh 25 st oF Elgot e ko] sjok sluizt el 1 o A4 s 2.
AR (§2) 200 /8 R ofefol 38 280l 60] 7R T 1R Zo Ut 2= 19 ) 2A] 30):
713 ofxu] (93t 2ol M2th 2 A8 RS 12m) o] S g 7 L] 25k o}
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2739 34 10(CoF 10): 2717} 22 & & 5, e 7427 HAZ QA51), 4] = S Alole] #Ao)| FE3l0] M2 23S
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Figure 3. Response in Task 2
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Figure 4. Changes in students noticing
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AR, 540l thgh g o] L] 42 545 2ok WHalol FFE njchs AL & 4 Utk FAH 02 24 0] FAlollA 54
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