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Numeracy encompasses the ability to use

Numeracy encompasses the knowledge, skills,

behaviours and dispositions that students need
to use mathematics in a wide range of
situations. It involves students recognising and

mathematical understanding and skills to solve
problems and meet the demands of day-to-day
living in complex social settings. To have this

ability, a young person needs to be able to think
and communicate quantitatively, to make sense

understanding the role of mathematics in the
world and having the dispositions and capacities
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Graduate teachers will know and understand Programs will address student teachers’
numeracy teaching strategies and their application numeracy and their competence in promoting
in teaching areas. and assessing numeracy as appropriate to their

curricular/subject area(s).
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Facilitator support Teacher activity

August: Introduce numeracy model; provide Analyse numeracy task design; plan for
Summer sample numeracy tasks and design classroom implementation; complete pre-
School principles; demonstrate numeracy survey of numeracy awareness and
teaching strategies confidence
October: Observe lesson; provide feedback on Incorporate feedback into planning for
School visit planning, task design and further implementation
implementation
November: Provide feedback on first round of Share tasks and strategies tried so far;
Workshop school visits; present stimulus practice task design and planning
materials for task design
February: Observe lesson; provide feedback on Incorporate feedback into planning for
School visit planning, task design and further implementation
implementation
May: Provide feedback on second round of  Reflect on professional learning trajectories;
Workshop school visits complete post-survey of numeracy

awareness and confidence
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Final thoughts

If teaching mathematics is challenging, teaching for mathematical literacy is even more so, because it
requires ...

* adeep understanding of how children and young people learn (mathematics)

* an appreciation of where and how mathematics is used in real-world situations

* an ability to recognise the mathematical possibilities within other subjects in the school curriculum
* willingness to collaborate with teachers in their own and other subject areas

* tolerance for uncertainty when “the answer” is not in the textbook
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Teaching
concept oriented: process oriented:

Mathematical reasoning

Introduce and argumentation

concept nrn

Practice
concept n Strategic thinking

Test
concept n

Mathematical modeling
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Explain why you can start solving this Sudoku
by writing 1 in position *.
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What is, roughly, the volume of a dollar bill?
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(Mathematical literacy is an individual's capacity to reason mathematically and to formulate, employ and
interpret mathematics to solve problems in a variety of real world contexts.)

NNT'Y WTN TN NN, ANXRINL JI'ONTN 7010 1IWAT 01070 25% — ININ1 TN7XW 1D 'Y e
JIDNNN 7010 717107 - TNRXINA

Core Experts

Mathematics

Expert Group
(MEG)

Zbigniew Marciniak Bill Schmidt’

Joan Ferrini-Mundy

Takura Baba Jenni Ingram Julidn Marifio Stephania Bocconi

Do .7

.0 TNMY7NY7 072 171N {71 7271017 Y'WAX "X — "0770 TAX"N 71 X 07'DNRTN

method of ) N7'ONNNN NP'W NX TN77 W' .DM™MIYOVIT DNATIXT INIRTIN 1R DUAWIN-TIT7INN X110
TXN 1w 05,01 O'TTIANN 11X NV T11'Wa7 711 2100 117190 191 797'0Nnnn L0 7171 (mathematics
JNWIIND 117w TI'TNANTIA TIWAING 7w 711 D'N7XINN 02NN TRXR X i7'DRTINY X' 7107 110 .0719N1

INTI'NDA M7'DAIIN NIX11A1 1"7'2 N1 N1N'en 117y

INXII'XD TID'DNTIX | 107 (717'21X) 1'-"11 '01nn

,AIXIT A1°YD JID0'D12°11X1 "WTA1 'DAJIA 711°N1 0277712 07712777 111 110 7171109118 X' 1041 (1771X) 1'-711
,TI7277 1100 NI, 02X AT XU 7XI0T 7 I0IXA 72 ATA71 X171 07 T727172 77 47007 AINT1 . JXTTIXD
.STEM 711°N1,i1;7'DAJIA 1A 7 "WIX;72 NITT'D

IXTI'RD1 "ONINA 711'N = V71 .R
TTN7N7 AN1T1,0"TA 1NN "N'X1 03T TIN7NA NTIYNNA V117 19181 01T IXIT'RD "T'N711,2006 TIW TXN
nrmx'ox. NMm- mran

Year/ PISA 2006 PISA 2009 PISA 2012 PISA 2015 PISA 2018
Ranklng J11no1]

Taiwan Shanghai Shanghai (613) Singapore China (B-S-J-G)

[549) (600) (564) (591) D'TINY7 T1'1D7 w1 IXI'XD1
2 Finland Singapore Singapore (573) Hong Kong Singapore 00 ,n7'vNnna TI'NINYT

(548) (562) (548) (569) ANNAM I Ti7Inn
3 Hong Kong Hong Kong Hong Kong (561) Macao Macau NT7INN X71 1171 NT71nN

(547) (555) (544) (558)

IXN kel JINIMIXa

4 Korea Taiwaﬂ' Taiwan Hong Kong

(547) (542) (551) mopn T 7y 1vnn
5 Netherlands Korea Japan 10"5i1 INan — TN

(531) (54: (554) (532) TXLDN1TIX7T D177
6 Switzerland Flnland Macao China (B-S-J-G)

(530) (541) (538) (531)
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f7'ONTIN TIX11 D™MI'WI1 D'WTN TNN'0'17 1NN 1170 1'%, 7V193 7D 1000 "Ma1 ax10 7V 0Y'awn XN
.0"11>'M11 1"pN1a

21"1T'0 NN NIN'WN TINY77 A1MINT IXYY7 177111 TYD .

JAmMpnIx” XW1In IIXIAY7 0T 7V 10031 AT7MY7 NN 17'X 1011,i07'0DNNNYT 0N TR0 17NN VXTI
TIXTN NAXNN DX 1111 X7) D'IN1N AN 10§77 DMINAY D'Y7WN 0NN, TIN'Y7 Ao 1772 11N11w 0NN
TIX 71DV TT'DIXTT TNA0DN1 1WA 0M71040 .0 100 T 7V inmaw mnwni ,((71na T 7y 01521 1X
171 27NN RXNN WATIY 11NN 77071 11207101 ,(0'wAN) 121X 121X1 17X 71110710 — TN 1307110
TIWNMT O"T1 D'1'¥N 17X DAXRWN .TIN'7i MO0 DI'RY D'IXWN1 7N 1TN77 D1MINTOn 7172 770 D
121x2 .('121 D'wANi1 11130710 L,i1i7Nn10d 0TVX 1A0N ,7wnY) TIN'7i '"A07 axnwna anr milaa nratnhiag
1NWN 0NN TINY70 N0 121010 0D'INANA A772710 W1 71320 7120170 TN D X¥YN1 117V
7V (w7 1IN 7V MwVN NN WNnwa 7wn7 0 071V 1110710 NN TINWNYT 11T01 DT IR
TIMINTIAY D'AWNI XX 0777 ,012'07 .0'INAN1 1130 11327117 TIn'7in "ol 121111 11ad7Ini0n
f11'wN N107 D7 TNMYAXNa 1M1l 712017217 71130710 M7yl [ ArTon-X7 1in'wn oy TTIRAN7 man

JI'DNIIN

X111 7"T'0 NN MN'wn 117'w .

.(reasoning) TTONTING 17N 77071 IR TIONTING TNITMIRG TIX AWITN 000 7w ITwInG 710Nl
DXTI1 .71 X1 12770711 DY ITTVYXANRD THWY7 VIV 1071071, 711I0200 I TRN IXTRD A X
TIN'WN 017N 0™MIN,1ON AXNITD JIXDDITIXRT71 01110717 10104 N11'NA1 1"70 NN Min'wn 1271w 107

:0XI DDA 1IN 0N 10 1171 TN 117'Y TTVAwi 1N 1701 .1X11031 17X

201NN 7Y TITAWA X0 7V 17X TIIN'WN 1V'ARiT TYD1 0ONT e
1YW {71 .7110'1011 "INAN1 N'7¥17 D'T'NY7717 V07 D7 1TV aIX101 TNN'WNAN 217'Y 1D 11V 0NN 111N
DTN 17T 10N TMN'wN 177 1211 T2V 127 02 D 1T 0NN

A17X0Y TIIN'WN D'TA7N DN TYD e
.DN7w 71772510 IR0 N7 On1T w770 7071 ,01 100 7NN TNY7 TNNY 01T 0w 0DNInY
T1WN VTN AT TINWAN 0V TTINAA7 07717 Y107 T2 MY 70710 17'Vai 0NN
TIXXT7 D' T'N7N0N w7 ,(MN'wn-nnY7 07170 100N 1an 11w ,7wn7) n7xwi 7w piwn 78wl
M7XWN 111 7w NI, 7IMPAax 11010 D771 11T,007W DT17'701 DUINYNN 11 00N 7K 1WA
.MImon 71nYy

?2TX'D ?DNAXVI 171X O'ANXVN Ol OX 1780 TIN'WN DIRYIN DN 1D e
0'IN1N TN TIN'WN O'RTIN IX ,TIN'70 "0l TINM7 1NN 0'1YN 00 D 1NNX 0MIA0 711100
fWi7 TXN MATIX 1717 D N0 07101,71"17'0 NN TIN'WN DNYY1 12X 7171 0MIN 1Y .0NY7wn 0NNt
.0"Mn7

21780 IIIN'WN OV 1TTINTN WX DITTA17{7N1 DYY7 17781 e
11 W77 0D'N7¥N TN X7 07N ,01307 D'Wi7 0AXN — TNXYNAGAN 0'A¥N 0V TTINA07 'wig
NNN XTI 7Y R710 T3N3 W71, 7RW1 IRITING A¥N0 117 DA77 YR TNDITA
VI INNNY7 DY VT 1011 07010 17w 100101 Y — NN 7Y 110170 TADINGA 7wl w7
WTNN 171X 27071171 7127 — MDNIXA D'WAT DY TNTTINANL w7
17X TIN'wn DY TTINTAY7 MA1§7 0'TTV7 1170 02101 DY "7V1 DTN

?0DM1INi1 101 17X0W TIIN'WN TN DNITIX 17 e

1'1 w7 ,AN'wNi 711101 D'Wi7TINY D777 "D'Ni1an"1 1Y, 30 1T TIDXY 17X NIN'W 7w X
aNn O'TA7NY7 YwWAxX7 TN TIIMIX LA7RW1 IXINNG AX¥N0 1'17 0TN77 7w TR0 oI
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,7wnY7) 1'van 1o X7 DNNxX 0MINNAN VT 217'wa 7Y, "'Dn7 m7a7" '71n Dnxva 70171 11iwny
.(owTn
1V 117101 TWXY 17WD N0 ANX T
NN VT WIN'W NIWYT7 017210010 717X JITDNTN DX DT TN77 17 Tan 1"00 7w ITIwInG 71aonil
0'N11N1 DIIX ND171 ,J1IX'NN1 D'WNATAN 17XD D101, /IXN 7w "ONANN "IX0 IR 717 nin 7y on7w
JI'DNNN Aj7N10 717131 7¥N L, TA{701 TIND1IN 70NN 117 '0'wy’ X711 7071vun 1¥NN L7 11VnN .0"DNn

Part 1: Describing centroid concept in real-life situation

DNTIA1 MDA 77071 TIX N3 37NN
(721> ™N) "oann M7t 7w awiny

Tom likes to use his finger to keep an object (e.g.,

a book) balanced. One day, he tried to use his finger to
keep a triangle-shaped cardboard in balance but failed.
If you were Tom, can you make a triangle-shaped
cardboard in balance with a finger?

Scientifically, each object has its center of gravity.

support a specific pont of the plate (see the two

o

Figures on the right side). Every object on the earth is o
.
influenced by gravity. When providing a force equal to R/

the weight of an object and the force’s direction 1s the

can also be measured by its center of gravity.

For example, an even-textured plastic plate can be kept in balance if one uses a finger to

opposite of gravity, then the force will keep the object in balance. The weight of an object

109 11j71 ,0"T1'MX D'1¥N11 {1j7'DNIN1
AWINA TIX 172 X7W 'N 1D Tn7n
(1'M™'N 1'Ri) DOV TIX 1X17 DTN
TN7XY TIYW 7V 11D1

TNITWAN TIX IXRTY7 w7101 ,A1TWKXRI1
1w NIl .LDL1 0NN
12T (99%) DTN D X1 DTN
TR D717 DN N0 1WA 7Y
n71v7 DN b7 LM 7l
70NNNN

D"INX 11V X7 (52%) D' T'N7710N T1'X¥NN .07 110 U701 DTDNNN D'UN' IX DYWIN 17'X 1007 1Wi71N1,AMiwa
JIDNTIN NINTTYINA X DUAWINT 10071 (10%) D'DYN {711,"NDY TRN 121X1 11V

Part 2: Describing manipulation of centroid concept in real-life situation«

Tom took a triangle-shaped cardboard, named as AABC, to conduct an experiment
with the following steps.
Step One: Tom used a line to hand the triangular cardboard through a small hole at vertex
A and found that the line intersects BC at point D. He drew the line on the cardboard with
apen.-
Step Two: Tom repeated Step One to hang the triangle through another vertex B and the
vertical line intersects AC at point E. Tom also drew the vertical line on the cardboard.
Step Three: Tom continued to hang the third vertex C and drew another vertical line which
was intersected AB at point F..

Step Oner

Step Two- Step Three~

b §
! ‘

|I) | Y

D01 NAT7 D'W{7TIN 077 D 1j7'0i1 0M710N00
7XY 171 1271 TITNIXINA T¥XID'01 DMDNTIN
AWINN 7Y Y7100 TYXNXI 17X D01 AWIATOY
TIX 11¥ 17Xw1 077710 (711710 11'R1 D119ND)
(65%) DTMY7TN T1"1WN ,0VNi JI7XRY 7Y TN
DN D'YN 71 071X D"DNANNN 017 10N
101X 10N 2NN TV 1101 121X TINT WV (21%)
1Y ,AMIwn 787 DNMN1 VDN IR 'NDY
TNITWN 17'X% TIIVY7 X7W 11N1 D' T'N770N 71NN

.bD7011 07 121N DMDNATN
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Part 3: Describing centroid concept in mathematics- 1'D17N7 WITAY 121X 17X 12X 'w7win 7702
Given: As shown in diagram on the right side, AABC has

three medians AD , BE, OF, and the three medians A TIANIN 12V RINT TIN1T1 7w "ONTING 01X TIX
intersect at point G.~

To prove tat ares of AGAF = area of AGER—wea of ; TI'¥NN AT 7Nl DA .TIN'7i Mol M7xY
AGBD = area of AGDC = area of AGCE = area of D71X D"ONTIN  0'AYW7 10N D'TN7NNN
Al o

Pr% o ¢ | 100N ,AXTTINVYY7 MY IX TNDW 101X 17TV DI'10N

OVINgG Processs D
1. Because AD is the median of AABC, then BD =DC. N7XWi 110w 7711 '718) 1IN0 772 11V X7w D' T'/NT7T0

Area of AABD = area of AADC (same base and height)~
For the same reason, area of AGBD =area of AGDC-

2. Areaof AABD— areaof AGBD= area of AADC—area of AGDC+
Thus, area of AABG =area of AACG-

(Dn'7 01

For the same reason, area of ABCG—area of AABG: 7NN DTN 7Y TTIX W7 7V VNG 70NN
Thus, area of AABG—area of ABCG =area of AACG =+ area of AABC- DDA 0D NIAT7 D7 "Wz 7wl N0
3. Because area of AGBD=area of AGDC (same base and height), - .|7‘T.HJT.I ]D]N:l 1XYN1D'D1

1
then, area of AGCE =area of AGEA =area of AGAF =area of AGFB= g aea of

AABC.

Thus, we proved that area of AGAF =area of AGFB=area of AGBD =area of AGDC
=area of AGCE =area of AGEA+

Do .1

TMINTI W D'TN7N7Y 107 DMW7 N7 077101 170 1NN IRTRD "TN71 7w N7¥17 DMpax 0106
O'TN7NY 127 721N a1 .07 NN70N 1mMaa an0d 1N'wn7 ANty TN Nno7 1avn ,maoi aTny
;197 N0111 .0n7W ATM70 NIMOITAN 770 0N 1780w 1010 'l 710 11172110Nn TIWINTT 0'NNAN
TIVMDNi 11312 71N01 TI'DANN 121'wN 1712 TINNAN 1780 (hon-routine) NITTNAW X7 T1'V1 DV NTTTINTN
.1"7'1 1NaN M7XY OV MTTINAN1 0n7

O'NNNI 171X ND17 N'7¥071 "TI'ART 07100 IR WINYT N'710' IR D' TA770 7¥X D707 7Y w1 [, TIXT 0V TNY
TNWATI TN71D7 T 1'70 JIN'WN 7w 1110157 NIl 107 NIl 11N X0 A7IXR 07 .0"DNTn
,0i11'1 112'N'71 "ONNNN VT'7 ,071Vi VT'7 DN"TIA3 X107 DTN 001 01D 17 01713 0'TN7N0n
.1'71D1 LNANd

Required of Real-world knowledge and Required of mathematics knowledge and
competence competence

* Required of science concepts * Conjecturing teaching strategy
* 5E teaching model (engaging stage, * E.g., Induction by concrete
exploring stage, explaining stage, examples
extending stage, evaluating stage)
* Others? * Decomposing and recomposing

geometric diagrams
* E.g., reading and coloring strategy
* E.g., manipulation strategy
* Others?

* Connections/integration of different kinds of knowledge and competences
¢ Others?
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TT'A71 AN NPT 1772 7Y NTAYING MDD - 7189 11T
T177X,i7"N"7 ID'DNATIXR | D12 170 'ann

1710 ,wN1 IDDNATIX | 7X717'¥N 17127 'a1nn

IXITRD NP'DAMNX | 100 (71721X) 17-11 '01n0

T1NA0UN1 127N 11'WN X1l ATDITIXRT JIIIXYA 1WA 1177127 wnw7 a710 fi7'bnnn » 1110 .X
TIN'WN D'NAAN TYD ?"NDI77" IR "MDImx"7 awai/nnwn 101 an A"t 7w mavina
2T11MDINN 1M1V "NINTT 111AN 117'W7 D'XNXND NI 0D'Wi7WIN TN 11X 21780Y

110N 727 11vn 17111 X7 1"1'1 '1IN2NA N7¥0 TPNAY7 170NN TIN'7 .12702 Ti7'DNTN TN77 11N ji7X1"'YNn
1N"7¥' D1 D'T'Y771 ,i127712 170NN D'TN7N DX .7'PNNNN 7w 0MN0N 001 71 0'TTIN 0DINANAY
IR0 et 7V TID7NN31 0'INANYT7 1711'1Y 777wWNa a7 w127 710800 1111 wNATnN X7 a1 .0 '1nana
DMY7i 7V 100171 TIN'WNAN 70W 0111 DWYNAXND DWYVIY TWil7 7101 11X ,011W 18 Twnil 1"t'0 71Ty 11nd
AWKXD N D'W7TIN DTTA7TIN JNIXNAN 71N DTINIRD THNY TIN'WN1 0I5 011710 .D"DITTIRT DTTITR
60% {71 D XXN1 NND 71X MIX71'1 D11'N Jj7NN1 .TIN7i MAD1 117 M7 D ,0"TD0X7N 0DMYWi7i1 111N
1711'711,00'017 0'7''N 1,022 1'2Vil7 "TD O'WATI D'012101IX 1Nd") Wwi7n1 A7XY 7V 111121 11V 15 11 0T T'NY7TN
D'DI11DIXI 7W INTAN '0D0D TIX 7V101 X707 D' T'N7NY7 1111 1wXD (20011 50 TV 7217 712" D12101X 7Ow
JNNA7 InX IWINT 0'TTAY7NY7 1711 D210 1771 .80%-7 117V 11121 D'A'WNi TINX ,N7XW'7 1I1Vvnian i77n>
D'T'M771 NDAT NN AN TINR0 D210 710010 X7 1X T1DX7N W70 DR 711771 711077 0T 07NN
DITTIAVY 77011777121 TN 11T D211 017 NI 17NN0 X' 107 TIN011 TIN0DAN XNATT 1WA 71X 71X
.0"MN0on 7V MI1wA 110'N1 111N 71171V0 VX117 0'7210N DI'X Dl 100 7111 071X ,07W1N 12181 N0 0110 O
TIDNMTIN X711 INXND TIDN77 TN7XW 17X V' TAT7 TXN w7 ,0"70 7w w701 ONK 100 X0 N1DIn7n N7y
T2 O'T7TIN W 1MIVA TNINTT7 TITDI70 N7 72X TINWNAN 7111 X101 TN TN7NY7 X711 amD1701X7
117 71712 X7 7i7'0NNNA 701 ,7IXT DV TN .{7'0NNNA 7107 1'¥20110 0ild 11V71 017 TTNIW 1IX T12'77
D'IXN AT 07T 0N 0N TN TINYXIDD 7W W71 017'N WXIX TNY71 A 070 0aw1 7'0n7 aniT
DMY7i1 DIYMT7 T 717107 1711 w703 D700 XX 77 X71 1710 TIn'7 wAT1 1971 ,0'17wN 0'INM DNy
DDA 100N NN, 7WNYT) 70NN 7Y TITTMMX OTN77 N0 TMINTH TR My TN INMTan .0y
.(AXNWN7 D'D1D N17TN 701 AMD1721Xi 77127 DNMTIAY7 1710 NN TNXIRD 117N

N7 DT AW7A7 X11 70 12NT7 110100 N1 21WN i70NTIN TINY7 W77 TAVNWaT X7 211wn 01 70 INXI
N71 {7711 TIXA TIX w1017 1101 ,17X80 D'AXN1 . TIN0N 11'wWN T IX 11711 XP11 TINY7 TN W70 XI¥N7 1711
17W'7 'R .0 TN7TN IR AWITNI i7'ONATINGA MY'W7 TN N11071N 1IN130W ¥Y71XN1 10110 W7 0V 1Anony
MIV'Y TNADN1 1j7'D0LU1 WIN'W ,7WNY7) NIYITI X' Dl DNX NVT "MINTT 7¥ DMy'w1 i7'0NNNa NX
,DTTN7TI 17§71 TY1'DIN VY7 7TD WNWN W70 DINX "MYi7an" IR W77 18 07207 X7 11wN .(71'0121X1)
N7 1T11V1 1TWXIN 011 ,72NY7) D'OWIN 01NN 03 0'IAM DN .7V 1N1Y7 111713 NDWAIN NIN'WN 01 71X
.0 171> 171221 ,0NY NMTTTIATN 0T TNY777 1171 07X 02 1110777 21wn1 (711011

— TIMDITNX [T, TN T1N1¥1 077107 01712 "TIMKR 071V7 f7'0N7N0 11 00N 012

TI'IDT11 DT11 DIRWIIN TIRY7 — "ONTING D71V X' XN 71T571 01Y (application) D1 nwi e
TN WIN'W WY1 TYD TINWATAN TINXA 071V0N IXNATT 0112V wan'71 1i7'bnnnm *Tin'
.A1j7'0nNnn

DMN7WN NVYXNX 17V [NATIAY7 - "TINRA 07190 X9 R¥IN0 171 031w :(modeling) 71T'nn nw e
JIMDNTIN N1'WA7 DIXR 71077 1711Iw1,0711107 D77 77127 17'0NNANGAY 0IXN 11877 ,0MDNINn
?277DN 1T'X7 "DINIX 2'NY7 101177 = N1'DN? 17 AR N1DINTIN N7RY
NIDi W1 OX TITDITNIX X1 AN 1770 191X . JTI1DITNX TIDN71 7V fID7NN1 0111w D'0IXTT 0110 D717
T 'R DX J117001 TNN0Y7 V7 7T wiIn'w w7l NwY7 'Wwnn 1IN AR 11207 71 w701 TR
.T171 ANXVY 170NN Ti7ATNA7 "WAN 11X 17W7 DVUD '~ W73
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191X1 AR 71X 0'17WN DA1 17X NIN'WN 0'AXVN DY O'NNIN 01N TNI17AXN0 TMINTNY7 onvnny 111
AR
JIT'DNTIN M'WA7 115700 TNNY NyAIa1 07191 1113700 TR0 0NN - v wia'n. e

TI'IDN1 171WN X1l TYD 711300 711 770NN 'yl a7 Mwyw 07151 70 7 7X8I01IN0 T e
.0 TIN7i1

11 TNADN .(AXXN1 AN TIIXT7 7TIN0 IR 170 TNADN ,7WNY) NMWIN TNADN X7 IN'WNN 11Xy e
1NAY7 MDD 21X 770031 171X 110171 N'WAN JIX 71113807 7TNwAXn

121,7A011 11'11 D'AXWAR 7" ON,0 TR0 - NT7RA TA'017 AN'WNN NIRRT e

M1'wN JNIVAN 7110712100 A7XY 71IXWY7 ,7wNY7 — 1¥1'01N 1N1VN 121X D'T'A7NY7 INWNa 71X e
JImN7

f11'wN 1NN 017 TNYAXNY 1MX0 0701 DTTN770 IR 772107 :T2WN X0 5707101 1077w e
WY MNN07 DMy N17vn7 0'wAT D'TN7N0 12w 17T 70171 111 710 IR DD0Y7 71XV
.Om7x

¥ IMIN17 NoN"NN DA 7ADAR L TINT OV TN .IT'DNRNN NIN'WA 7Y 71100 1'Tan 11aonin .1
TN 1"TAN7 YwaR YD ,7wn7 20"17'0 1001 YIN'W MYY7 0'D11 OTIX TXD .0 T'A770 NIX71
TN 1'2 0'1'NAN OTIX TYD 200N T'A77 1200 01'WNii 7100 IX 207N1'AY 1V 7W i1

MV

X 7Y IR TIDWVIT 7Y WTN1 TMYNWN TN DX . J1INN1 1777 VA111 001 100N N1awna 1Ny77 11wn 100
N171'01 JTTIYMDN TN OXRi1 ?20'IN1N TN fIXRA107 1X 1701 01017110 TN X107 TNMYT0N 71N 0K
7w OTNY77 71 IX T'MINT1A OT'7A77 TNMONTTN 1IN0 OXA ?20M7Y 1N TIX 11027 1D 71 1IX 177 "nin
.0'D11 TIVT "MINTT 11V7 7121 5-6 TN IINTAINGT 717701 awnNi 117121 ,AN173 2i7'0NNn

TINTAT TIX 710717 712 XWW7D TIDNTN JNADN TIYATI - 1ATIRN TXN DMIN0 TR0 127 X7 71NN winw
TN D71VAN TIRXT TIN'WN NIT'A TR O''NAXA 1INIX X TIN'wN 11X T3V 707 1INl
1INIX 11D fTYXIDD OWITN 1INIXWD 1i7'DNIINI WIN'W JWYT7 DDTil JIX ,'DNTING 7RYIDI1NN TIX 11 Iwanni
178 DAWIND WIN'W JTNIWVYY7 17171 TXD1 ,i11WN AWIN {7'90N NI11VN X' 0K 11N17 712 17707 fNiX 0NN
AXVY7 171w TINY 7NV 71100 02 DXTI031,071Y DUIRIN T131VYN TIIRNYNI TV Vi 1IX fTNY7 1N7
AT X7X ,TIIN'WN NII1'A1 701N 157 T1I00n X7 71070 JNT0 117w 0071101 .07 TA7710 112V 71070 101X
70N 7w DMy DA7w31 TNOINN7 157900 TNMINTH DA77 11711 OX0 — OT7N70 7700 7V 077017
?0NXVY T11N121 "ONTINT 071V7 "TIIXNN0 071Vi 11 W7 TIX T11IX17 07712 07771 OX 271700

Rasch) 771N 1INtV X111 11T 071011 .(scale) NTTNN 0710 X1 TNXY710 TINA7 117140 ' 11217 21WN 7XR1VYINN
D'T'MY77 — TINNITINT DIWA 101X JI7XW 1111 DTTTA7T10 1Y 112 1¥7XI01R0 TIX 12wN31 Ni7'7a (model
A1 T 7RY 707 02 72X 11X W TN 707w XX 7D 7KXW 70 112V 01X 1 1Y 0171711 TN7XW 110N 010
SR TN TRYT TIND a9 A7 11X 1071 11101 711X 17197 0'YN D'TNYT71 71 X TN W7 7Xe0 OX
D10 0T T 7V 07101 11 DX G TIXT TINWY7 JINX T1T4710 QN1 7177 DD 11 7178 NNaw 0 T'N7nN
TN7RW Y 111 Y7RIDIIRT T1IN11 13 10D 77071 107 .0W7 TN 171771 X7 ANy YNwn — 7in1 DInyYy
710" TNV NIA71 717770 OMKR 7V OTAT7I0 70 TIXT 0'0"MA0 70 TIX Dj7NY7 177111 111031 ,07TNY770 1Y
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