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The Study on Possibility of Applying Word-Level
Word Embedding Model of Literature Related to NOS
-Focus on Qualitative Performance Evaluation-

Hyunguk Kim®

Seoul National University

Abstract : The purpose of this study is to look qualitatively into how efficiently and reasonably a
computer can learn themes related to the Nature of Science (NOS). In this regard, a corpus has been
constructed focusing on literature (920 abstracts) related to NOS, and factors of the optimized Word2Vec
(CBOW, Skip-gram) were confirmed. According to the four dimensions (Inquiry, Thinking, Knowledge and
STS) of NOS, the comparative evaluation on the word-level word embedding was conducted. As a result
of the study, according to the previous studies and the pre-evaluation on performance, the CBOW model
was determined to be 200 for the dimension, five for the number of threads, ten for the minimum
frequency, 100 for the number of repetition and one for the context range. And the Skip-gram model
was determined to be 200 for the number of dimension, five for the number of threads, ten for the
minimum frequency, 200 for the number of repetition and three for the context range. The Skip-gram
had better performance in the dimension of Inquiry in terms of types of words with high similarity by
model, which was checked by applying it to the four dimensions of NOS. In the dimensions of Thinking
and Knowledge, there was no difference in the embedding performance of both models, but in case of
words with high similarity for each model, they are sharing the name of a reciprocal domain so it seems
that it is required to apply other models additionally in order to learn properly. It was evaluated that the
dimension of STS also had the embedding performance that was not sufficient to look into
comprehensive STS elements, while listing words related to solution of problems excessively. It is
expected that overall implications on models available for science education and utilization of artificial
intelligence could be given by making a computer learn themes related to NOS through this study.

keywords : nature of science, word embedding model, Al, qualitative performance evaluation
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3 @Al sgol Al elol2 mpl2 ez A
sArgats 7o) ABAS 7% WHO Fa ol3o
AHYun & Park, 2019), 2<% &8 71549 7|&

of siEdarE ettt 18 oujoA QIFA]so] Ard
o] Adojg olsfistar dopt w&AQl QujoA AF

¥ THE E 5 Jevre 2Ale e Festt. &
5] NOSet #ro] thefst 71x]7F 2AfElo] Q= 7ig o
Ao EAERN UAH s Huhe o] AFa ©d
2 A o2 FHe= JAFAlse wsA &8 Y
de BEE & Qdoe AHolA ¥rEA] Hast A8y
Ardolct.  olet  HEste]  xE YT dug(word
embedding)o] W2 HAS wu Qh YEddgdS

o
B
ou7h GARE BOlSE BlLE WAL JMITH:

ojsto] BAF 7HdS AAR 3to] gt TojS 7|5shA
oz Jphe HE=R Ujgsts  7]&=(Sahlgren,
2008), Aol Mg Foll HHEZT olslsh= FAtol
ZERU oy} &A% QulE FEsh= dlo Qo]
g8 JRRI7E =0 52 A3t 9EAlY Jhsk

(Likelihood)E #|tfjg}st= ®IgFO 2 o] 20X (Shin
& Kim, 2016), =2"@=2X= NNLM (neuralnet
language model), RNNLM (recurrent NNLM),
Word2vec £0] 9Jt}. NNLME st tojo] 2 A
sfjz~ofof stt, o]A <] Uf01 of disiMer 5d 4
2132 RNNLM2 ©oj5 ¢ARl oz JE€sts PAlo
2, 7F AHElo] Short—Term H2a] dE oA o]

A wolsiel yumE
Word2vec 7]|& ZHof| dls| st &% 5 7ot
of, @A 7P "ol ArEste YEUHY zmHoltt
(Mikolov, Chen, Corrado, & Dean, 2013;
Mikolov, Sutskever, Chen, & Dean,
2013; Shin & Kim, 2016).
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G8HOIL BT e 4 LAl detel @
Mstn o]Z Fo) ABAL s149 Hetug P&
thstel AlAMES @At 3 ddolch. olF ¢l

ol 5]
NOSet el = #38Z FHoR YFAE F+A5H
o, ©lg] Z&% NOSO 471x] o] wie}
Word2Veco] RS &235l0] AAAQl v|uH/I=
oottt & A5 Hsl AT dAEAE He
i gt
5= ‘3] 910} Word2Vec9]

[
ue !
g

fu

o Bt
2

Lo

i

rO

© 19

2

a

F°l’

]_
2 NOSA %‘OE“*‘ 38H 7t Ayt

-1 =2
Word2Vec?o] nElH 2

rir

2 0 o)
oo
U=
ol

1. 1:1]- ;(] __rL}\-] al 7]7<o] Ql— NOS #

42X 2 Web of Science (WoS)ollA
Science Citation Index (SCIQF Social Science
Citation Index (SSCI), Arts & Humanities Citation
Index (A&HCI), Emerging Sources Citation Index
(ESCDol AX=E A EH’;)]'QE NOS(Nature of
Science)2 ZAAlo}E At F5H S ALlstye
Article9] HZof] SEo0j7l= =5 9209 xEO0=2
sttt EE, TolaZE Yoy 2l 23
L SAEE uwEsh] sl EH: Aol
Collette & Chiappetta (1984)7} Kﬂ/\] (=] LI Q=TS I
HAE HIEFO 2 Lee (2014b)7F Table 13t o]
S A7FR] F99 7]&(Knowledge,
Thinking, science-technology and society (STS))
oz st9r),

3r|rﬂ

Inquiry,
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Table 1. A framework of nature of science (NOS) based on the four themes of scientific literacy

Category Contents
1) Science is organized into content disciplines such as facts, concepts, laws, theories, etc.

Nature of

L 2) Scientific knowledge explains and predicts the nature.
scientific
knowledge 3) Scientific knowledge is tentative but durable.
g 4) New scientific knowledge emerges from the process of scientific inquiry

1) Science is based on empirical evidence.

Nature of 2) Science relies on observation and inference.

scientific inquiry  3) There are various scientific methods in science (no single step-by-stepscientific method)

4) Experiments are important to test ideas using science process skills.

scientific thinking

1) Both reasoning and imagination (creativity) are important in science.
Nature of 2) Scientists are not totally objective but try to avoid bias.

3) Scientific knowledge is developed with its history.

4) Skepticism and criticism are critical in scientific thinking.

Science can be used in society both positively and negatively.
Science and technology impact each other but they are not the same.
Science is a complex social activity.

Nature of ;
)
4) There are social and cultural influences on science.
5)
6)

interactions
among science,
technology, and

society (STS)

1
2
3

Science and its method cannot solve all problems in society (limitation of science).
Science is conducted corporately (contribution of diversity).

el

2. fooyd wdsd o] Word2vec mj7|Al= 7zt mdlH g X}d(vector),
o2t Q] (window), & AYIE S~ (min_count), AHE
2 AJloAs o] 7] Yoy ndE 7L #(threads), 9r&E3sl4(iteration)?] QIXHparamete

=

gool 94stn BEEIF &S Wordivecd ALE 1S AFAIWA A3 & =S MHsolUr) o}

5t 0t (Choi et al, 2018; Kim et al, 2020; Yun gtA @M, HidAt FE(Kottur et al, 2015;

& Park, 2019), R =2 73180] Word2vec mj7|A]= Krizhevsky et al, 2012; Lee, 2019; Yun & Park,
sgolo] mele oigih of oM CBOWSF  2019)9F AMH A% W7tol wheh ALYl 20002 shn
Skip-gram 228 Al8stg=r)|, Figure 11} Zto] AgE £ 52 IASIRY. O 5, 2 AFAME=
CBOWE ZHof 9l 2 choj(context word)52 ~ WordZvec =ZR2o] #|Aehd QIALE AH7] 9sll NOS
7|1 E}Zl Hof(target word) shE Shx= 1bA 2= ©olE dEsto] ¥hESIRe; FAavles, W
oAl &% 1 Skip-grame E}l ©olE X1 = HA S 2AsIY 52 £o8skUT. ol2{gh A oflA
A O Hop Boleln dAsit @A sas  BESl A W op AxE Estn ey
tHMikolov, Chen, Corrado, & Dean, 2013; A7 o= AlFS Aon o]fojFLt. sHH, NOS

Mikolov, Sutskever, Chen, Corrado, & Dean, o] 471A] goo] g F=EdHd FHA ”47} Z=Puy

2013). 12501, CBOWX:= 2k 7l9] =¥ thojr} =o

to Jm o 2

[‘|I‘

o] RAA A HHstY AxE BEsto]

12 O 3 FA 54 ©ol7b e x{E =8 w5t en, A FALES Edl 92 NOS i
71]{\_}6}]_ Skip-gram& ZAltho]7} ZolAHS wj it GAtsH] WEEE AS Slsts S AR

A 2o 29 ool 2k 77t YENE 27E & o & dFoM s 24 nelE 2AstE QXS &lst
|AtstcHKang & Yang, 2019). =3 R m=2 728 = WA HolHE A5l MastiAl ot

5| £Hi min_tounde 215 %_%_ﬂ JIE L T 8 O[4 SHE COBHE siEo| HOAIL e LtEfs
Wy 9T ZEHA| 400t YrESAfteration)s UBA U sty H4E Ly

olo|c}, A E (threadS)E c
= HI0|CH(Yun & Park, 2019).
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Table 2. Words with high similarity due to changes in the number of iteration (CBOW)

iteration (vector 200, window 1, threads 5, min_count 10)

1 5 10 50
diverse 0.9627 diverse 0.7149 beliefs 0.5485 difficulties 0.5553
process 0.9613 beliefs 0.6939 strategy 0.5046 key 0.5411
finding 0.9608 concepts 0.6643 museum 0.4852 questions 0.5408
reasoning 0.9588 strategy 0.6411 diverse 0.4848 strategy 0.5405
analsis 0.9533 various 0.6397 practices 0.4729 diverse 0.5396
100 200 300 400
key 0.5600 key 0.5527 key 0.5388 key 0.5367
strategy 0.5227 strategy 0.5123 strategy 0.4815 strategy 0.5019
beliefs 0.5152 beliefs 0.5085 beliefs 0.4794 beliefs 0.4831
importance 0.5019 tentativeness 0.5037 tentativeness 0.4604 course 0.4730
tentativeness 0.4950 Analysis 0.4954 context 0.4602 Analysis 0.4627
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Table 3. Words with high similarity due to changes in the number of min_count (CBOW)

min_count (vector 200, window 1, threads 5, iteration 100)

1 5 10 20
continental 0.6669 post-test 0.5817 key 0.5600 questions 0.5284
notion 0.6568 tentativeness 0.5736 strategy 0.5227 beliefs 0.5225
expertise 0.6516 subject 0.5726 beliefs 0.5152 key 0.4985
figure 0.6514 beliefs 0.5645 importance 0.5019 tentativeness 0.4830
domains 0.6502 cultural 0.5437 tentativeness 0.4950 teacher 0.4779

30 40 50 100
nature 0.5050 developed 0.4830 analysis 0.5286 science 0.4635
SSI 0.4788 nature 0.4609 nature 0.4684 students 0.4037
science 0.4626 other 0.4483 science 0.4275 scientific 0.3631
beliefs 0.4476 learning 0.4327 views 0.4235 nature 0.3469
program 0.4351 group 0.4225 teacher 0.4010 teachers 0.2694

Table 4. Words with high similarity due to changes in the number of window (CBOW)

window (vector 200, min_count 10, threads 5, iteration 100)

1 2 3 4
key 0.5600 key 0.4191 key 0.4985 key 0.3799
strategy 0.5227 strategy 0.3627 strategy 0.4865 strategy 0.3325
beliefs 0.5152 beliefs 0.3440 beliefs 0.4821 beliefs 0.3163
importance 0.5019 importance 0.3144 difficulties 0.4773 tentativeness 0.3071
tentativeness 0.4950 tentativeness 0.3115 tentativeness 0.4622 SSI 0.2898
5 7
tentativeness 0.3586 subject 0.3114 constructivist 0.3225
key 0.2797 theme 0.2976 schools 0.2531
nature 0.2622 history 0.2806 key 0.2293
theme 0.2575 difficulties 0.2801 group 0.2287
approach 0.2569 constructivist 0.2630 making 0.2224
HAVESE 1002 HPC wBA AN 5 ogHQl Awrt mEEgion, B ARoME Aay
Ashe wrolo] WiEsl 108 ojgtolwl shgol AfolA =42 1002 ARstn WAHYS WA, Wy
71X 43 AQjste HAlS ©rEes Zlojt. 74 2 Helo] =242 Table 49F o] 104 77HA] =2{7tH
i, FAavleLrE 300149 49 student’ s pefstlon, ZuRoz 18F 49 F&+e
‘science’, ‘teacher’ &3} Ze H€Hr}E ool ¥o 2 SAE 7 =8 A9 3719] ©@ojQl ‘key’, ‘strategy’,
7] WE ool QALEIL ¥ Ao UER}  ‘belief7h Zop ebymel Ambg Bk SiARt 53
NOSE Uerdlitiy H7] dSqlch ¥ bolA 204 E 7 Apo]olA= ©olo] Aot SR77F IASHA] &
ole] #FZ NOSolM Fest o JHEA < 2R 252 st wepA oAl A
‘beliefs’, ‘tentativeness’@} 2 Toj7F tfE 2|48 2HE Bolx ®oA FAHA HIME 28T @ 2
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3 FANIESE 1A ZIRAF|HA HY
AHIE2 1004
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EREEE

20AF0] E3Fof A

QAL AMEHolet= /iAo mef(Korawit & Wu,
2019), Table 49] UERH 29} Zro] ‘key’ (0.5600),
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Skip-gram 239 722 CBOW Ty} OpXI7HA] =2
st "o vrEslaS A8sin d52 FII6HY
C}. Skip-gram 232 CBOW mRHC}H AdHy £
o] o] o] Wol o we sy HolHg Huy
2 ojA ZE UIRE €8T 0 d¥id d50l
2ty 28X ArkMikolov, Chen, Corrado, &
Dean, 2013; Mikolov, Sutskever, Chen, Corrado,

& Dean, 2013). Table 5+ ¥H53l45 52712 O
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e FARRD fAR=eF ©ojo] = Yerd A
A, ¥HESIS 20088 A 5719 ©@ojl ‘key,
‘beliefs’, ‘recognition’, ‘improving’, ‘role’o] =<
5t 202 AMAEE Ho orAACel AuE sholgh 4~
AUt E3L, 751‘?_}79‘01 i’\}ol FALES] o] CBOW

5 & 4 Qlof, "B ZIHdo
ul 1 o 7H’Jﬂ zAROoZ oulE QA
ohal siAe 4 Itk oo me} Skip-gram W]
UtEsla~s 2 AFoA 20002 ZAAstal FANE

= At Table 62 FA¥lEE 15EH &
@oj9] FFRE UEH oz, vl 2

Table 5. Words with high similarity due to changes in the number of iteration (Skip-gram)

iteration (vector 200, window 1, threads 5, min_count 10)

1 5 10 50
creativity 0.9660 strategy 0.7805 strategy 0.5922 strategy 0.5159
questions 0.9654 concepts 0.7268 difficulties 0.5865 difficulties 0.4936
use 0.9629 character 0.7251 beliefs 0.5601 key 0.4923
changes 0.9617 scientists 0.7165 diverse 0.5519 recognition 0.4840
learning 0.9587 difficulties 0.7088 Analysis 0.5376 practices 0.4733
100 200 300 400
key 0.6335 key 0.6366 key 0.6895 key 0.6859
difficulties 0.5434 beliefs 0.6313 beliefs 0.6778 beliefs 0.6705
recognition 0.5323 recognition 0.6077 recognition 0.6325 recognition 0.6632
beliefs 0.5182 improving 0.6016 improving 0.6254 improving 0.6521
instrument 0.5165 role 0.5998 role 0.6248 role 0.6456
Table 6. Words with high similarity due to changes in the number of min_count (Skip-gram)
min_count (vector 200, window 1, threads 5, iteration 200)
1 5 10 20
Observation 0.4656 Science 0.4849 key 0.6366 well 0.4813
current 0.4226 tentativeness 0.4106 beliefs 0.6313 role 0.4183
science 0.4136 programs 0.4094 recognition 0.6077 framework 0.4006
cultures 0.4125 experience 0.4019 improving 0.6016 method 0.3875
relaitri‘;i:hips 0.4097 basis 0.4006 role 0.5998 only 0.3810
30 50
instruction 0.3188 science 0.3541 based 0.2865
science 0.3029 nature 0.2885 nature 0.3854
research 0.3025 teacher 0.2863 science 0.2985
found 0.2997 research 0.2837 research 0.2689
nature 0.2791 based 0.2704 group 0.2684
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Table 7. Words with high similarity due to changes in the number of window (Skip-gram)
window (vector 200, min_count 10, threads 5, iteration 200)
1 2 3 4 5

key 0.6366 key 0.5181 key 0.4703 key 0.4431 key 0.3787
beliefs 0.6313 beliefs 0.2943  improving 0.4633 improving 0.4303 improving 0.3740
recognition 0.6077 recognition 0.4687 prior 0.4546 prior 0.4225 prior 0.3678
improving 0.6016 nature 0.4681 learning 0.4511 learning 0.4136 learning 0.3446
role 0.5998 learning 0.4651 consistent  0.4456  consistent  0.4071 consistent  0.3391

2} Tzt UERLA] eloreh A|ANlES 20
o] HElL CBOW 2olx Uehd 2l §AH
setm ol skl Sgstn LuEel dojel
‘ 50]

science’, ‘nature’, ‘teacher’, research
Ast 718 &4 2
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e oo /= UrEJr Aup7E AAEo] 9l
Lo} 29 Z97F SASIRALL, 3014 BAfole &
ttojel  ‘key’, ‘improving, ‘prior’,
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‘learning
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2. Word2Vec 22¥ NOSo] gjst ¢j=lyd
A9 w7t

NOSOll thgt 47A] geje 44l Sob B3t 5§
AHgol Bl mgIYH ofe] 29 2YS U
o 2gd Bty 2o WrE ueksiel 2 A
02 NOSO chpdit 7MY WEe BojEctu
& 4 AH(Lee et al, 2014). SHAIRH HFPAFX =
Bst Aot TRt AT Atole] QlAle] 9lof B
AsHe NOS <ol gl&  THE(Duschl, 2000

Harding & Hare, 2000; Taylor et al., 2008),

E] T3t 2r2x|o] 2Aste] o} WMo 2 NOS_J Oﬂ
g QNa & Qlch HEEHE M viEd Hyoz
APE H7t=(Table 2 ~ Table 4: CBOW &®, Table
5 ~ Table 7: Skip-gram T4d) X|A3t=] QXS &

gt R5E Hol gHd dso] doide=z CBOW = 2510 olcauy E:ﬂi NOS9] 47}x] o<lo] st
£ Kc.é shelsttt. 2 Ao = ©oj7t &/ QA}EI} =©o tho] 222 Table 804 Table 111}
7t sgsto] g ARl E%% Ho|7] AlAfsks W 7o) st2s)o] %6}]_ 9oloict
Wel 32 2 Aol etz ARsisich
Table 8. Compare Word Embedding Results by Model (Inquiry)
Inquiry
CBOW Skip-gram
literacy 0.4175 literacy 0.5199
research 0.4123 experience 0.4855
discussion 0.3923 critical 0.4716
courses 0.3878 model 0.4684
experience 0.3735 inference 0.4553
history 0.3666 theory 0.4538
theory 0.3615 scientific 0.4499
model 0.3594 history 0.4494
creativity 0.3547 creativity 0.4321
critical 0.3522 schools 0.4229
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2 duAde= UrEHH" 20|t}

Thinking 993 SAtE7F =8 ©o]:= Table 99}
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‘research’ o0, Skip-gram =2E2 QAISHA
‘knowledge’, ‘theories’, ‘creativity’ ¥t & ¢ &
goto] AmEd, & oWl RToA GALEIF B2 A
°] 57§o] o] % 37§7} ‘knowledge’, ‘theories’,
‘students’2 FUsH 1 MEbAQl FAFOl QALE ZFo]
AP, 53] Al vIAer & W) YR Tojrt &
Ot Mo = pdoa] 7]Q15t du|d AL xlol:=
FA A= A2 Qulst. ®gh NOSo|A afshA
A 7o) sdoll 718te stk Al(Lederman,
1992), ZJ2]1 skt A28 XAl o]28 vrAsH
P& Al dA™st ZEo] Qs Ao
Thinking g0l 9lo] 5ol W2 JHid Zafet
& 4 SltH(Lee, 2013).
H] 3t Weto @ knowledge FHut GAIEI H2
o] 2 #olsi 2 Table 102 7Fo] CBOW 2w ofA]

7Zro] CBOW =ZHlofA ‘knowledge’, ‘theories’, ‘theories’, ‘thinking’, ‘implications’ <Ajo]jd,
Table 9. Compare Word Embedding Results by Model (Thinking)
Thinking
CBOW Skip-gram
knowledge 0.4816 knowledge 0.4827
theories 0.4212 theories 0.4286
research 0.4084 creativity 0.4058
explicitly 0.3866 students 0.3970
students 0.3802 literacy 0.3959
literacy 0.3797 cultural 0.3888
observation 0.3759 observation 0.3837
ideas 0.3748 criticism 0.3799
criticism 0.3728 STS 0.3710
cultural 0.3664 technology 0.3701
Table 10. Compare Word Embedding Results by Model (Knowledge)
Knowledge
CBOW Skip-gram
theories 0.4627 literacy 0.4043
thinking 0.4418 thinking 0.3882
implications 0.4305 theories 0.3659
analyzed 0.3877 field 0.3246
models 0.3815 models 0.3337
practice 0.3750 practice 0.3284
teaching 0.3699 laws 0.3196
laws 0.3557 concept 0.3100
inquiry 0.3498 NOS 0.3079
creativity 0.3433 inquiry 0.2999
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Table 11. Compare Word Embedding Results by Model (STS)

Science, Technology and Society (STS)

CBOW Skip-gram
problem 0.4896 influences 0.4840
complex 0.4761 solve 0.4431
social 0.4217 problem 0.4224
corporate 0.4194 culture 0.4123
culture 0.3996 activity 0.4005
development 0.3926 context 0.3996
field 0.3899 evolution 0.3987
SSI 0.3801 social 0.3889
endeavor 0.3782 human 0.3824
communication 0.3777 development 0.3806
Skip-gram B E@-2 ‘literacy’, ‘thinking’, ‘theories’ V. 29F al A|ArA
At E3h, £ ool FEEE Tolo p= Y
5719] woj 301] ‘thinking’, ‘theories’, ‘models’ 3 2 1= NOSeF #H#El= 232 FAloz NOS
Rt gt 7HA] =oll == A2 Thinking g ojlA] gdo]| mel Word2Vecs &8sto] T@o]liz el
% ‘knowledge'gl= ©oj7t SAMEIE =A &QIE Q) Hd AE JAHAoz ulmw ERME|E Zlojct WA
oo}, knowledge FYoA = ‘thinking'®] SAZ7} B9 o]st a2 x|o] 1AL WoSo|A NOSe} i
=7 UEg o "ol o] NOS #dH 23S & T]= 920mo] 2207 3}gict BA nulgi s
SIS ™, F 7He 992 gEsl E2shA Al wre &84S Hol:= CBOWS Skip-gramog 73t
g sP7h oYk S AlMelm NOSTE HER  gimd), wExlo] Agstlo] oA nddE FHstd
9l Fofel Aof 7]Qlsto] ntetA wu ol Wt oixtz eMstAct. olejdt A TS NOS'9F &
A ALl Welge £1oglel £ gAS ohEA B At tol5g =%k wdo 4% B7hE 55 o
d st Zlo=z 2ojdon, CBOW (vector 200, min_count 10,

5t7] ojFith= 719 A+ ﬁﬂra s
HOltKBayir et al, 2014; Schwartz & Le
2008).

Table 119] Ax}e} ZFo] STS
of4= ‘problem’, ‘complex’, ‘social’® +AFO
0, Skip-gram 22 ‘influences’, ‘solve’,
‘problem’ 02 SAEZ} =4 &QIE|Qict STS
0"6@.% 2 A9 71Fo=z A2 Lee (2014b)e] 47}

o Zo] NOS f4E 71 wo] FMAEHL Y=
@.le} W2 Weu 5o AAAMEL AT =0l
A5t 5WoltH(Lee, 2013). sHA|gE Uv|d Aiub=
5 2doA B AL A9 °H7ﬂ0ﬂ‘” EXsi=y ‘33—55—
of ©@oj7} AAIEAL 9low, STS ¢
o7& st gHd. AREA %}75‘01] oist 3.
718f ehEatel AAES YUEde ©olv AY uE
UR] ookt w3t wpstul 7)ol ARglo] o]x]

geio] CBOW 2

ol

ﬂo)lo.?.ﬁ

threads 5, iteration 100, window 1)Q Skip-gram
(vector 200, min_count 10, threads 5, iteration
200, window 3)oA B]1E -Foff FASE QA=

sttt 1 %, NOSO| 47bA] Qdolo] Al&sto] o
Aok we tolo £32 selsiglc, 2oz
Inquiry @ole Tt polA Al A Selm
g0l AWML &4 T2lw wlmA He P47 @

A" Tolso] vuwA £ wHloix A yeERfi 9
t}. Thinking @ Knowledge Oﬂoﬂoﬂ = 5 odd
e | YEA] ggtony fAtRrt =
2 o7t s d9 ¥S Factl Qo] AdiE
&5g o7l sl F E% 9401] 0 dud zH=ol
FYoM = ekt 7]E
o] Atz OJA]= 02131 Ho] UEtA] ¢ro} STS
A oMOﬂ 2a5st d¥d des

F25 08 29 Xgo| HQs
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