The Mathematical Education. Vol. 61, No. 2, 339-357 () Plfint ISSN 1225-1380
http://doi.org/10.7468/mathedu.2022.61.2.339 s Online ISSN 2287-9633

Research Article

Pre-service mathematics teachers’ noticing competency:
Focusing on teaching for robust understanding of mathematics

Kim, Hee-jeong’
Assistant Professor, Korea University

*Corresponding Author: Hee-jeong Kim (heejeongkim@korea.ac.kr)

ABSTRACT

This study explores pre-service secondary mathematics teachers (PSTs) noticing competency. 17 PSTs participated in this study as a
part of the mathematics teaching method class. Individual PST’s essays regarding the question ‘what effective mathematics teaching
would be?’ that they discussed and wrote at the beginning of the course were collected as the first data. PSTs’ written analysis of
an expert teacher’s teaching video, colleague PSTs’ demo-teaching video, and own demo-teaching video were also collected and
analyzed. Findings showed that most PSTs’ noticing level improved as the class progressed and showed a pattern of focusing on each
key aspect in terms of the Teaching for Robust Understanding of Mathematics (TRU Math) framework, but their reasoning strategies
were somewhat varied. This suggests that the TRU Math framework can support PSTs to improve the competency of 'what to attend'
among the noticing components. In addition, the instructional reasoning strategies imply that PSTs” noticing reasoning strategy was
mostly related to their interpretation of noticing components, which should be also emphasized in the teacher education program.
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Figure 1. Noticing components in the study.
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Table 1. Five dimensions of the Teaching for Robust Understanding of Mathematics (TRU Math) framework (Schoenfeld, 2018, p.3) .

Dimensions Descriptions
The extent to which classroom activity structures provide opportunities for students to become knowledgeable, flexible, and
The Mathematics resourceful disciplinary thinkers. Discussions are focused and coherent, providing opportunities to learn disciplinary ideas, techniques,

and perspectives, make connects, and develop productive disciplinary habits of mind.

The extend to which students have opportunities to grapple with and make sense of important disciplinary ideas and their use.
Cognitive Demand Students learn best when they are challenged in ways that. rovide room and support for growth, with task difficulty ranging from
moderate to demanding. The level of challenge should be conducive to what has been called “productive struggle.”

The extent to which classroom activity structures invite and support the active engagement of all of the students in the classroom with

g?;ltzzle Accessto the core disciplinary content being addressed by the class. Classrooms in which a small number of students get most of the “air time”
are not equitable, no matter how rich the content: All students need to be involved in meaningful ways.

Acency. Ownershi The extent to which students are provided opportunities to “walk the walk and talk the talk”—to contribute to conversations about

angd I d;;tity P: disciplinary ideas, to build on others’ ideas and have others build on theirs—in ways that contribute to their development of agency(the

willingness to engage), their ownership over the content, and the development of positive identities as thinkers and learners.

The extent to which classroom activities elicit student thinking and subsequent interactions respond to those ideas, building on
Formative Assessment  productive beginnings and addressing emerging misunderstandings. Powerful instruction “meets students where they are” and gives
them opportunities to deepen their understandings.

= =
] 7‘1]*]5] °1°F Stk gt 5k U84 S Rk ofu e}, 5k @?ﬂ(mathematical practices)°l] Zrof 2t
QA= ofof Eaheirki 2 4 9)
%%%ﬁhdﬂﬁTﬁHMNQﬂﬂﬂé
= 820] wjelol A of MR Peld S
W% AL 2 5131 QU vRY) F74E W8 Bl 84 £33 ofo|tlol 7k @) L
Aut 245 Folo] gy ot FHQIA| ot 1ol M AE3] of @ A2 3101(CCSSM, 2010), TRU Maths= ©| 3 84 4
wﬂzﬂoﬁé@ﬂ@@¢&%&ﬂ%ﬂﬂ%§xﬁ%ﬂan+ @wwuqmmdﬂﬂmT~L4d4ﬂmmMMw
=(Common Core State Standards for Mathematics; CCSSM, 2010)-2 1] = 2% 2]
a1 Qo] T7halg g A2 Adhal £ 4 Sl o] vl 35 A M 4

Zotal lom, o] et 22 f-53 sYolA| 7t = Aoyt eetakEol

ofo
>~
>
i)
=2
e
e
o_>|:

-
313
=

i)

18
k
N
i

e 4

39
rlr
N
ot
i
-lN

O

10
9'_‘
?i
’c'/S
1
&
3;
rlr
it
iCh
=)
4
of
ol
ok
o>
?{i

45k f‘%‘% UJH *E‘Xdé %‘dﬁ} 514 0 2 o|glfstal L7|A RAIE A5, FFA ol HFH o2 22|, S 14
Shal thE Atge] 22 % H|T5}7], REEE 2204 F-2)4d-S 2k Lreh 7] 50] o]of] EFHATHCCSSM, 2020; Chang, 2012). O]+=
=ufo] migto 2 Alm i, Q-2jutel w8 3ol A AAISHAL Rl 34l ool t] oo} 48 Wit Ry} o] QlTkal £ 4= QlTt,

Journal of the Korean Society of Mathematical Education Series A 343



The Mathematical Education. Vol. 61, No. 2, 339-357

A SEe QM H 27 ZWOR 1A BEo| S0l 4314 AL ofsike Hl AdH FRAol B sl 1A
PH5AE AT, LAk £ ARl LRSSl S8H ol ok TEFITL 43 Alzlol Folet 4 UES sho Hrhe A
o|t}. Steintt F 5 52| 2] A5 (Henningsen & Stein, 1997; Stein et al., 1996; Stein et al., 2008)0l| A 4>} 24| o] -8 A|Al5H =

A

o, 7Hg =2 ZF—" IHA= 48} 3Y5}7|(doing mathematics)©|H 7HY W& 4252] A= TH A 5 18-S ARSsHA Y A AHE
A7) 202 AAISHT) 48t 3Yo}7] 7] A= FAEY A E Sl olshE fIste] 428 7 olsfistal ofoltjol &1tk
S "o, A o2 g o] AR 5= Folt) o] 23k wHA| AEA| ] S Eutofuel, WAL= HHE S FolA = =0
Al Qe = A AL 232 = A=, Y] Aattol B 01 5H AL E A 2 15T 4 Qe E o=
—.—.L]- I Z(scaffolding)= 53l SHYE2] A4 10lS S5t Afal Allol] £8-8 £ 4 | THAnderson & Krathwohl, 2001). ThekA] o]
Hol| A A AL = 4e8F m4ah52] el SAE0] 428t AtaLel fst7] & & 4= = 4=8t A ] A<} o] 23t Al E
°H St Eo] 55k 0 2 AAEZ Q] RIS 2 A o :

TRU Mathol| Al AIA|SEAL Q= Al 814 STH2 =8 Uj-8of) tiet H/d SHO = 4 =2 4235} sh&o] 33t 7|39t wwdo] 2
t}. o)=o] BE Y-S 9%t £~SHmathematics for all) B]=-2] F<=(NCTM, 1989; 2000)ﬂ 6%} 35 %L%—(CCSSM 2010)01]A1£ A
L2 02 ZFzsf ghon, Q1Eu} AR FAA 2] 9] Sol i w8o] Axf= 7 g
d(access)2] Aol 7118 H= 2]29] A7H(Oakes et al., 2001)°]] 1 7]8HS =11 9}1'3]' = °—|]' J=0] 4814 ofoltjofo] s A
gtotal TE 71371 FolH=7h FERte] QoA oSSR Gty SolAl o B2 HE 7|37t FojH AL obdrk
(American Association of University Women, 1992) Hio] ZAk=ntko] 2517} o kst 71 E5} 1l 714 o) *1 /\]'35 = oj7} Jof
7hopbd ol A SAH 2| A2} 42814 oo & Shal 428 2¢fof| 7HA & S EoAE HAor 4%}

a1 ool 342e 4= UE71? (Zevenbergen, 2000) 5ol Tt A7} X[ &2 0 & Qlof grom QEEMIA| . A =& —/F%—.P 52 7127}
nEA HoHA] Zotohs o] At Axtel] yebdth tholeE S8 E wAl 9 0= 2t 7 gk =
E‘“ Iﬂ_/\},l 2 Rl e o] F oo, BE SHYEo] ol ol 4= e 99 2 & ool AU YA et
F5AklA| gt52] 7| 2] & &P glo] Fofslok gt
6@—1‘] A, Ad B 3 BAd SHO R YS9 S 5 -7 0] Hojot ERS Fol 7 s =9
=718 4 AL, ol2d A2 3 AHe 59l 48 sholl tiet 384 A= 715 4= Utk Aol 7]
F 22Qo)| toFst el 2 ZrodslHA], AA = Ak (doers of mathematics)2Fal o 7| A E|H, o] =
Bg-?’]—rxﬂl"](agency)% 7| 2= Z1o]tH(Engle, 2011; Engle & Conant, 2002). S35 E-20]| ZrofslHA] 19| 42514 ofo|r]o} &
H 9 75 =4, o] & &3l ofo]rofof] thdt A-F-H(ownership)2t H 2] (authority) S F-0f {A| Ht}, o] = A2/d 2k 544 A
= 2} o] Ziok 42514 =9]of| ofstA] £2le] —714—76]'% g3} ofal o2 Abge] o) HjHQl 22 5= 5
F/g thstol] rojstA, A1, A4, 344 AAdE 71E 4 A ETHResnick et al., 2010). F, 58 =0l A 221
el Z=2of| tisl A drgstal 433t she 2 5ol 284 ’%—l?ﬂoﬂ oo 2 M of2|gt A, A=A, 3AA AAI
Py
ES

1o
o
>

1o, 1o ox
N Ml
i F

o

_¥|:l_‘
s
-IE
HU
o
>,
T
)
N
rg
rlo
ol

X

N

] 7t =Ho 2 -2 Formative Assessment Dimension S 2 H|A|StaL 9l oLt &4 712}
Zi0] 75l o] o] 2olN S ATE S5k olo] e S
=oloj zle g A]—%’EI-EE Sh= WH3-A 1 4>(Responsive teaching; Kim, 2015; Coffey et
8510 A AI5HA T B4 A 7 Hformative assessment)= U} H7 7t 22| E o] A= ot
9Jal 717} o] g ofof gttt 7i\d 2 & (Shepard, 2000), SHEE0] 814 ARaL7F 59f 0] FAlo] Elo] ¢4 of WA
ZJslloFstth(Black & Wiliam, 1998). &, WA= ¢ Fol| HH23 &S S8l sHdE0] FAS olslistar 1L, o]sistal A
FRsaL ofsliato] 7 ShgAtet A ehgAte] £+ AL FS 4= = mEo|u HA| =9] 52 55 A3

>}? mlO_\Ef& lg rlr
r-?-"mﬂl -l v & o
L ﬂng
= E)V“N—r'
m{oﬁiﬁ
LNQL£
£ @ Io
o_?'_‘o;—ln
OHHrulnEr
LR E:
N
—lﬂﬂé‘l
oo —
o 2
HJIHJ_IE’,L'rg-l

D)
o
o

o
2
e
£

Journal of the Korean Society of Mathematical Education Series A 344



o] A 7HA] SR 2 2 Aol ofu]mARE 0] 143k o] 2ol 7]Rkete] F2 4:3F jio] ojmS FHER A o] A=A
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2 3= “Noticing and Responsive Teaching Project” 2] YE0 2 A& A] A2 §F APHTste] 48w &3} 45hd 191 4~5hw vt
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Table 2. Overview of the mathematics teaching methods course.

Beginning part First-middle part Second-middle part Final part
(week1 — week 3) (week 4 —week9) (week 10 —week 13) (week 14 —week 15)
o Reading theory ofwhat aspectis of o Demo-teaching of each lesson study | Field experience o Introducing how to analyze classroom
making effective/good mathematics group (Analyzing actual students’ | videos with TRU Math framework
classrooms; and Discussing on them. o Reflection on own demo-teaching and | mathematical thinking) o Analyzing “high quality mathematics
o Designing effective mathematics Providing feedback to other grups on classroom with TRU Math framework
classrooms. their demo-teaching o Analyzing colleague preservice
o Exploring effective mathematics o Collective reflection on demo-teaching teachers’ demo-teaching with TRU Math
teaching methods. framework
o Introducing TRU Math framework © Analyzing own demo-teaching with
TRU Math framework

St w4t o) Fol| oAU WAFEE F2 $8gdo] FARJNA =8HA AR FA4] =dolst FalRlz] AJEs) & &, TRU
Math Z22][)& Qhfakal 7k ZHof| gl o] 250f tisiA] Etoto] 42814 AL F4] 4=Qlof| thgh 9] & 5] sholth. Rol4Y
U A8 5E 713t 0] Fo] Tk 7holoj A= TRU Math Z#| )& o8| AHE o4l BAER 2745 B ES %83}
o] &4 £} 2Rl9] 42 B k= 713 E 7Tt ol=|gh i) FA14Q1 17 9] AA| Y] (design principles)= CllH| WARS
9] F2 48 1ol et i E) Ao AE—55], e5Ate] £8H AL FAZ £ 5] Y8l of® Zof o] FFskaL
(attending), A=A 2] F-2 7|FFO = W48 Ql Z=E(instructional reasoning) = Sh= G| et—& F5131T
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Table 3. Noticing Framework: Coding scheme for noticing of teaching for robust understanding.

Dimensions Level Description of the level of notification
0 There was no or little observed of attending to mathematical contents, mathematical practices, or mathematical practices
The Mathematics | There was mentioning of mathematical contents, mathematical practices or mathematical practices WiITHOUT providing
D1) detailed instructional reasoning
) Decision-making based on their instructional reasoning related to mathematical contents, mathematical practices or

mathematical practices with concrete examples

0 There was no or little observed of attending to cognitive levels of tasks or appropriateness of questioning for exploring
concepts and conceptual understanding

Cognitive Demand | There was mentioning of cognitive levels of tasks or appropriateness of questioning for exploring concepts and conceptual
(D2) understanding WiTHOUT providing detailed instructional reasoning
) Decision-making based on their instructional reasoning related to cognitive levels of tasks or appropriateness of questioning
for exploring concepts and conceptual understanding with concrete examples
0 There was no or little observed of attending to equitable access to learning opportunities or teacher support for it.
eq::)taé)liircl(t:ess | There was mentioning of equitable access to learning opportunities or teacher support for it WITHOUT providing detailed
(D03) instructional reasoning
) Decision-making based on their instructional reasoning related to equitable access to learmning opportunities or teacher support
with concrete examples
0 There was no or little observed of attending to teacher support for students’ agency, authority, ownership, or positive identity.
Agencz, d ﬁershlp ’ | There was mentioning of teacher support for students” agency, authority, ownership, or positive identity WiTHOUT
an (DZI)1 ty providing detailed instructional reasoning
) Decision-making based on their instructional reasoning related to teacher support for students’ agency, authority, ownership,
or positive identity with concrete examples
0 There was no or little observed of attending to teacher support for students’ thinking with formative assessment or responsive
Formative teaching.
Assessment | There was mentioning of teacher support for students’ thinking with formative assessment or responsive teaching WiTHOUT
(D3) providing detailed instructional reasoning

) Decision-making based on their instructional reasoning related to teacher support students’ thinking with formative
assessment or responsive teaching with concrete examples

o] 2 7|24 2= oju] 7HIH TRU Math T2 0]-&5}s], B/ 2] #F o= Uhr7] fI5to] ofz}k 1779 Al 71A] &
FO ZALZ(CIAlo], - U T E, Bl Y A5 T A4 FARI = 1S AT F 12719 AR A Ae A B2 4T
ol 4719 AARE F-E o= ZASt] wA] AIE ol & glef At whe JE A4S 5k, YAt RE2 AT delE
3 352 wAATE GRSt U HaK BAES & 1061“5 e AR ol HES HIR R kHY fE XS24 5
AR A £E0 2 UtrojRlth 2459 7o) ad & U] 39719 AAg = /18 24 AN &, 29 FE2 F9E 5
3 A AIE YANA FE AR =5 FHET 93\‘:}

AHE B ZedS o]-&5to] 4] 25 TR A 22} ofH| WAL kBl o B4 S WFYSIQITE A 7] &Skl %ol
o] zRHRo| ZYFE F2 8F edol| thgt 7HRIE oflMo]7} 27] kBl & 240l o] 8=l o, Aol SRR el
T FAole 94 £ A4 50| o] &H Ut o] S0 = 201 2] BA 0] B 7 Aol o] &=t A AfEe o
SF A T2l (unit of analysis)= OllAlo]2F A 5 B 22 S4 0] w4 Tl = Urol A Z6te om, A 2783 o]of] thgh 27
& AlAske £4o] shute] 24 ©9)7 & o] 295130t

Journal of the Korean Society of Mathematical Education Series A 347



The Mathematical Education. Vol. 61, No. 2, 339-357

ol Ate] Bl S B4 Azt
o] 28} ol ZAbe] LE]Y 4
7o) zukel 3 3ol 7} 7l oju) Aol A -2 43k4lol thalo] ojmiet BTt AEFLA WAL F1A| 1 Q=) Bl
flaliA F2 ko] Fololgtal AYzbsh=Alof tis] 258 =20 9 WA ERS oh= E52 oloith =9 g2 A=
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AL, ZF 7 oflMlo] & “4BHA] AR 4] U S IR Bl e Y (Table 3)" 2.2 2413 A= T Table 42F Z2H o] & T2l
2 Uehd 212 Figure 29+ 2t
Table 4. Coding results of PSTs’ essay.
Mathematics Cognitive Demand Access Agency, Authority, Identity Formative Assessment
(0))) D2) (D3) (D4) ()
Level 2 (L2) 70 40 40 70 50
Level 1 (L1) 7.0 2.0 2.0 5.0 2.0
Level 0 (LO) 30 11.0 11.0 5.0 10.0
Ave. 1.2 0.6 0.6 1.1 09
12
. = =
; = =
B N\ % %
T § = =
g \= = =
2 | \ = 5 \ = N = N
0 ?:5 & E = & E & E R §
D1(EH) D2(YX[HT) D3(3EY) D4(FH|E/AFE) D5(EHSA)
mL2 ~L1 =LO
Figure 2. PSTs’ noticing level in the beginning of the course
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4 99l T3 7 S S0] £L 49 £ 7Y 4 At 2aeku ANsATEtE olo] i TAZL 24 Al AL 2AS
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Table 5. Coding results of PSTs analysis of expert teacher’s teaching .
Mathematics Cognitive Demand Access Agency, Authority, Identity Formative Assessment
((019) (D2 (D3) (D4 (D5)
Level 2 (L2) 8.0 11.0 16.0 10.0 14.0
Level 1 (L1) 8.0 6.0 1.0 70 3.0
Level 0 (LO) 1.0 0.0 0.0 0.0 0.0
Ave. 14 1.6 19 1.6 1.8
18
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12
10
8
6
4
2
0

D2(2IX[HaT) D3(3EY) DA(FHY/AFY)

mlL2 mL1 =LO

Figure 3. PSTs’ noticing level while watching expert teacher’s teaching.
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Table 6. Coding results of PSTs’ analysis of own demo-teaching.

Mathematics Cognitive Demand Access Agency, Authority, Identity Formative Assessment
(D1 (D2) (D3) (D4 (Ds)
Level 2 (L2) 7.0 9.0 7.0 10.0 7.0
Level 1 (L1) 10.0 6.0 10.0 7.0 8.0
Level 0 (LO) 0.0 2.0 0.0 0.0 20
Ave. 14 14 14 1.6 13

= 7}o] nhx|ut 2ol AAIYH, o] AL 2Qle] molae] JAbe ThA] B A ETHAQl 455} 4:9de] ThAl 71X Zmo 2 BAg
AS EUZ 3 159 LHA £E2 A2 52 2 192U 27-F(1L2)S YERHAL ok Z2{u; 94 ¢ /ol gt
9] pEte B, 48 Ul-goll tigh A2 SHD3) B8 7S A wla SHDS)A o e Bk Hol il 9l
L, 5ol 4] BHES AR, Tk 52 ofu|mAle] £elols FAIHO R IS AAS A A B4 7129 of
HI AR} E910] S:Qlofis AN BA] 7|2 0] LG REHS B9lo] 291 vhdshe U802 PR 2AAZ AAISHL A &
%ol AUtk

ol i= 29 429} BA 3} E Ao VY 52 ofu]iAbe] 20)4] BAZof st oflu AR B} 4 (Table 7)°] T
T2 Ho|a Qe A3} thH] = Aol X = yehdth
Table 7. Coding results of PSTs’ analysis of peer PSTs’ demo-teaching.

Mathematics Cognitive Demand Access Agency, Authority, Identity Formative Assessment
(D1) D2 (D3) (D4 (D5)

Level 2 (L2) 16.0 17.0 16.0 16.0 15.0
Level 1 (L1) 1.0 0.0 1.0 1.0 2.0
Level 0 (LO) 0.0 0.0 0.0 0.0 0.0
Ave. 19 2.0 1.9 19 19

22 A4S S2 ofulate] Bol4ge 2e REoM £ ATE AYYo) F2 wAte) oS W mholdt 4 Qtd
gollA 48t Uf-goll 274 SR (D3 2ol Tzl Gz sjAsh] of) e S FA|ZQ ZAE AAE 4= AN
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offe] iAF] E]A): R o] FE s} Ql=r}
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S13L Ql=7F ok BHAShA o] ARS O] F 45} 49l Tk ] 4:30] Lhe ZGES Kol 1 QI Yol 383 S
thet 150) ARl 228 HThH O B 45 Kol 397 Balth 5, oul A7} 454 ol ek 814 2 4ol ALk
251912 tfolli= ol Tie w45 ) 2] S0 1459 F R 2429 397 wekth ol 2 Th 7h ZH R
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Figure 5. PSTs’ noticing level over time.
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