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Suggestion of Teaching and Leaming Model Based on the Thinking
Process in Barbara McClintock's Research

Jae-Kwon Kim*
Incheon Business High School

<ABSTRACT>

The purpose of this study is to analyze the scientific thinking process that Barbara McClintock found in the

process of discovery of transposable elements, and then to design a teaching and learning model applying the
thinking process by scientists. For the analysis of thinking process, Giere’s theoretical hypothesis evaluation
framework was used. As a result of analyzing the history of science, it was found that McClintock studied
through the thinking process of empirical abductive method and hypothesis—deductive method. In addition,
Barbara McClintock ’s research achievement analysis showed that the creation of scientific knowledge was made
through social consensus process. The designed teaching and learning model was constructed to learn the
process of scientific thinking in the history of science. The designed teaching and learning model consisted of
five steps: 'Presentation of data’, 'Involvement of teacher’, 'Present data with different positions’, 'Discussion’,
and 'Involvement of teacher’. The ’'Presentation of data’ step is divided into 4 sub steps of 'Creating
questioning points through data’, 'Presentation of cognitive non-equilibrium data’, 'Presentation of good data’,
and ’'Conclusion through data interpretation’. Through this model, students can naturally learn 'empirical
abductive method’ and 'hypothesis—deductive method’ in steps 1 and 2, and learn that science knowledge is
achieved through social consensus in stages 3 to 5. Therefore, if this model could be used in the classrooms, it
1s expected that students can learn not only scientific thinking process but also scientific knowledge creation
process.

Key words: Barbara McClintock, transposable element, Ronald. N. Giere, history of science, thought process,
teaching and learning model, theoretical hypothesis, hypothesis-deductive method, empirical abductive method,
social consensus.
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[Figure 1] Four components of the theoretical hypothesis (Giere, 1997)
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<Table 1> A program for evaluating theoretical hypotheses (Nam et al., 2004)

Identify what aspects of reality are being the focus of research in the

anecdotes you are evaluating now. This is an object or process in the

Step 1 Real Word

world that can be described in everyday terms, in addition to some widely

used scientific terms. The term introduced to describe the characteristics of
the model to be evaluated should not be used.

Make sure that any theoretical model fits the world. If necessary, describe

Step 2 Model

present the model.

the model using appropriate scientific terminology. Diagrams may also help

Step 3 Prediction

Based on the identified model, confirm the predictions that if the model

actually fits the real world properly, no doubt certain data will be obtained.

Step 4 Data

Identify data actually obtained by observations or experiments related to

real-world research subjects.

Does the data match the prediction? If not, conclude that the data provides

Step 5 Negative Evidence

good evidence that the model does not fit the real world. If the data and

predication are consistent, go to step 6.

Even if the model under consideration does not fit properly with the real

world, was not prediction likely to match the data? Even if the model under

consideration does not fit properly with the real world, was not prediction

likely to match the data? In order to confirm this, it is necessary to check

that there are no other plausible models that are obviously different from

Step 6 Positive evidence

the models under consideration, but that are likely to yield the same

Prediction on the data. If there is no such model, the answer to the

question 1s no. In this case, conclude that the data provides good evidence

that the model fits the real world. If the answer to the above question is
yes, conclude that the data is not decisive about the fit of the model and

the real world.

EolgtZol o
531%3}. [ oFs}
T 3o o T2y
=3k cH(Giere, 1997;
Nam et al., 2004).

method  and

Abductive method as 7Teaching and

Hypothesis-deductive

Learning method

Characteristics of  Hypothesis—deductive

method
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o, ##EY AES F& 1 AR N E HAFEE
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WS ol= o Wkl F4E FEE, 1¥
i exEdoetel  ZEga msH(E.  Mach,
183871916)¢ A5 dafet A= 38k, g}
2+ 214 (B. Russel)o] 7jersl 7] & i=gsts Adts}
o] 7h4d -9 A (hypothesis-deductive) W8-S Al A

Nt (Brown, 1977; Kourany, 1987). 7} -4 1t
Mol Ax}E <Table 2>% YEFY T <Table 2
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<Table 2> Procedure of the Hypothesis—deductive method (Cho et al., 2011)

Inductive process
(generalized statement)

Generalize observation facts(phenomena).

Setting initial conditions

Present conditions for experiment.

Deductive process
(presenting predictive statements)

Depending on initial conditions, the hypothesis to be tested is derived

from the generalization statement.

Hypothesis test

Test hypotheses based on experimental data.

o guksl o)t} w3 pE-Ad A e Ayt olAY AFHLE Eojd A ANS ngow
A Aol AGH AR FAE o #F Ay I B AP flelel @ AM(EE Yoy d
ANA duks V&S =EEE dAE AYd AA 2)S =23 PHoZA HAMeo MYy F2E gl
ol 1 dutsl FAEoAM JFHES =ESE I MR A7 s, HA =gges A
e A9y Aol ¥R JHEA-Add9H Uy ANA AFste] =gz WolEodx = 7P -}
< Ay ¥ Jd9y G ga2 Addye dAE T-E %71 % 3H(Cho et al, 2011).
o7 JMAE A g, JPEA-AgEe AAle HgE ¢
Aot HA FweT B FEeM e s Social Adaptation and Consensus iIn
A2 ekx|uk A -ddHe JpHS HAF . .
W ﬂ_T ] 6_] , 7t o H= 29 ence History
AS st AAkel wel =8 FH(Cho. et al., 2011).
A - g2 - AFF)E ¢ HA54 st
Attac@ent métthod as a twpe of B T T e ERPS PR RV R
Hypothesis—deductive method A Zg= weA wWon Masch Leu A
¥ (abduction)& ¥ 2 (C. Peirce, 183971914)7} Zo) . wpEIALE B - A AN E SOl A e wa A =
- = = - - - L h
AEE ERen, d&Hmson ODE AT gy gam 9y me gdE dad gyes
JEE LS ANEARCho et al, WD, AFE aqan. an Asasends) s4Rde s
- H] oE;""l‘j’l'ze A]’QE(’O‘?‘DE;ﬂ'o o EO—%‘_-;\ PARSENAR - P ?;;:11‘9]9] ANEE Bl we 31]-5_}’/\]-@
S AT PEE wFAE MUERA TH g0 aen qve 2we 4874 289 dse
o & AAel ATH FEE AW R, VR o i gm gaasse HaAAe A8 B2
U olBEA =2 o dA) A u= k&l 3
AW, o= 52 ° = E_E(ﬂ 4 As e % BA4L 23 doj@ Az 2o (Cho et al, 2011).
B2 HgHc AFHE ety dro] 7ol of AL AlS|A dolo] AR wmi Ezo Al
- = _ = = X = H pul - g =
e o AR ARl FRATIL S, g e 84 S4e AW Bed @
2 wjol]l 982 (retroduction)Z & 7] %= o o 4 molzy. hele] olEo| AAki HakA
- _ = = o T i i be
AFHAME <Table 3>3f 2ol B S ANy g ooz o 9w 489, e A
_ RIS R 1= 170 y pE4 pE4 [e]
A2 SAS AR kel 2 wEel AMEAR g 2o Aqaae mAAAad 4es5 T
(Cho et al, 201D). FANEABIAV)S AR N30 D499 3]
<Table 3> General format of Abduction (Cho et al., 2011) (PDC)7F 2006 8¢ 24 Az Ze}stolA 349
23y B ST Z-F-E e - (H A S
Some phenomenon E was observed. ol wAME oA AR (RS
5 slod = ‘30 A = 3}sk
If hypothesis H is true, then E is observed. Aol A= stAstal=dl, o WA= A9
A A3 st dFo Abs|A 5EAS F RoFEr

Therefore, the hypothesis H is likely to be true.

(Cho et al., 2011).
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Research achievements of Barbara

McClintock
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<Table 4> Barbara McClintock’'s Research Achievements

Year Barbara McClintock’s Research Achievements

e Study how chromosomes change during the propagation of maize
e Maize chromosome visualization, characterization
1921 ® Cytological demonstration of genetic crossing (evidence of crossing of chromosomes)
e Genetic mapping of maize (physical characteristics and chromosome region level)
e Prove the role of telemere and centromere in the preservation of genetic information

e Studies on the effect of X-rays on maize chromosomes

1931 . . . . . .
(Detection of translocation, inversions, deletion, ring chromosome)
e Observation of chromosomal breakage and binding of x-ray maize cells
e Observe that the breakdown of natural chromosomes occurs in cells of endosperm in some
1936 maize
e Discovery of repeated BFB cycle pattern(breakage—fusion-brige) caused by initial breaks
® Binding of chromosomes is not an accident, and this cycle proves to be a source of large
scale mutations
1941 e Discovery of some strange gene behavior in BFB substrate
e Observe that the gene of a certain mutant moves from one cell to another
e Systematic study of the mechanism of mosaic color pattern of maize kernels and the
1944-50 unstable genetics of this mosaic phenomenon
e Discovery of the transposable element(controlling element)
1950 ® Presentation of “The origin and behavior of mutable loci in maize”
1957~ e Exploring chromosomal features, morphological features, and evolutionary characteristics
with several varieties of maize in South America
1961 ® Presentation of “Some Parallels Between Gene Control systems in Maize and in Bacteria”
1981 ® Presentation of “Chromosome constitution of races of maize”

1983 ® Receive the Nobel Prize in Physiology

1987 of Barbara McClintock”

e Publish “The discovery and characterization of transposable elements :

the collected papers
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<Table 5> Research by geneticists that could affect Barbara McClintock

Year Genetic Materials Research

1866 e Mendel’s Law of Genetics (presence of genetic material)

1903 e The c}.lromosomes of Sa_rton (the genetic material is present on the chromosome, and is

transmitted to the offspring)

1927 ® Morgan’s gene theory (gene array on chromosome)

1928 e Griffith Transformation Experiment

1941 e Beadle and Tatum’s One gene-one enzyme hypothesis

1961 ® Monod and Jacob’s Operon hypothesis(E. coli gene expression system)
1961770 e Discoverable transgenic genes in bacteria, yeast, and Drosophila

1969 e Shapiro finds the IS element(Insertion Sequence elements) in bacteria
1970780 e Insertion sequence found in other organisms

o 19500 =58 IEsHA "ok a8y

© ]
Ay Wee AFHor zAey] A

Hre AEEAA B =4 wAlolth mek S daole] mApola MY
sHA AAETE A= 44 HA A, dojdtel A, Hdo|dAtrt A A vk
T AT 3U14E olE oA = AL 3EAE EA AT
Mabara McClintock> 4] Az A HA BANES S5 ¢7dole] Ezatela
o 2 d WA oltl.  Barbara McClintock-& 1931 XA (WA}
e Aol Fa dA Al 2 translocation), & ]
AT b4 (inversion), A %l (deletion), 3 o A A

WA 7l Zolo # o2 dFe WS HA FE (ring-shaped chromosome)®] #A4 & &3
b ey 1960W ] FREel o], BhE E o 51| FAA L] o8] FxA ®HEE zHITeE AS
of uhg|g|olrt o] 75 e DNA A4S 743 3l HASG A, XAd o8 dad S5 AaAE
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<Table 6> Analysis of Barbara McClintock’s Process of Creating Questions

e Many kernels of maize have purple, yellow and white colors.

Observation of

e Sometimes a kernel of maize has purple or purple staining spots

Step 1 phenomena with long white lines
e Colors are inherited irregularly.
Step 2 Repr.esentat.ion Qf Tl‘he .color of maize can not be explained as Mendel's law of
experience situations  inheritance.
Step 3 Creating Questions Why dq some. of~ the kernels of maize have purple or purple stain
spots with white lines?
Aol FAMAS G AJ, o]yt FHAMH S goz ANAEAE o]Fo Y= #HAHolrt 1920
2 S AZo] AWE A Ratr)el TobA vt Qe S ol He MA FAdN -
Talks AAA Fxst By A4 AHeA H TR BEekAgsly] wWiEow AZEg o ol
o 222 24l 7|EAA S JHA AL FshEA] R A= dol7l AEtE YoM EdWE o
st v} 3t AEjo] ol2A gl wel oA & oFa ol F = Wol7t R ANWE AAA FA
Astil AL oFH = A4S dof ke A= HA o] HAEE TheFe Mz HEs wEo W
ZEA == Z o]t (Cho. et al., 2011). o Ak o= FAlel dolE Tkl S
T 2 o A4S AIANE S, 7IE=Y AT T GAAZE AR o] WAEHHA XA ¥t
x5 24HA 7EY APE vtEger AEEY Wk olygl BFB Alo]Fo] & =AY =AWl
AMANEAG A S FrolrtiaA 7HEAEARE ol F 5 do77] witel S &elrt EApolavt
Wol g h(Nam. et al, 2004). ol AHAA = A Aol YAMHARTE 55 Ao
Zhol oyt Atn AR, Aty Folet 4 v o] mxtola FHE I} BFB Ato]& Apold] #dHo] 2l
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<Table 7> Analysis of Barbara McClintock’s theoretical hypothesis model design process

A questioning

The color of maize can not be explained by Mendel’s law of inheritance.

Step 1 . . . .
P the situation Why does the color of maize show a mosaic phenomenon?
e Knew about the fact that there is genetic material in the chromosome
Sten 2 Experimental ® Research of Macclintok(Translocation, inversion, deletion, and ring-shaped
D situation chromosome formation of maize chromosome by X-ray, The BFB cycle is
the source of large-scale mutations)

e The idea is that since the 1920s, the point of maize kernels was thought to
be due to the unstable genes associated with pigment synthesis. These
genes mutated in the course of the growth of the seedlings, and these
mutations were inherited over several generations and were thought to

Cause result in various colored spots. This was supported by the discovery that
Step 3 . . . . .
descriptor the chromosomes of maize with variegated grains were broken.

e The irregular inheritance of maize grain points can not be explained by
Mendel’s law.

¢ Because the BFB cycle causes a large scale mutation, it is likely that the
color of maize kernels will be mosaic.

Step 4 Hypothesis There will be a relationship between the mosaic pattern of maize kernels and
e
P descriptor the BFB cycle.
. According to the pattern of the BFB process in the maize Kkernels of the
Hypothesis , . .
Step 5 . parents’ generation, normal and other traits were poured out from the corn of
Verification . .
the child generation.
Step 6 Draw The breakage, fusion, and bridge patterns of the chromosomes result in mottled
e
P conclusions specks in the maize kernels.
The fact that mutation frequency is inversely proportional in two regions of
Step 7 observe . .
maize kernels is found
Sten 8 Cause It is inferred that certain genetic factors that regulate how often these stripes
P descriptor appear when cell division occurs are distributed differently in daughter cells
Hypothesis
Step 9 P . There will be regulatory factors that regulate the BFB cycle.
descriptor
CAEA e AERold YUt daE AAA oL glojopwt v 4 9l Abarelth(Lim, 2016).
WM gzte] U @ A9E wATh olF W ou HolH M AR NEPAE o7
Cogugom Agsa gt FA ALE oZ o Ut A Andge 24d AFAA Ansy
of ¥ Q= BYU2ER, SCAMPER 55 A& olg} Azt o gtk AN AAM ] EovtEH o
st GAER stodm Ao AAFxR Ho] a1z T o AAAEdEAE o]Fol e HAAA AT S
sl Hoode AXES olFHo ¥ 4 JAH(Lim, e A93 AtagAHo] Bk ‘ol Aol o]
2016). 3}A] 9+ Barbara McClintock®] Alazi= o] 23k FE olFo ¥ u AAgre] HAH S QAFFR &
AEA S AR oyt AMELE EFY] F MEEZL 489E A2 245 AAEsty oyt
A Aaek % F vk old@ AT AN FFS gebdel B & Ax, odw Aue A4
AE 1049 WH e 7 AR B3 AN s 9% AnEYS s el 9™ Abn %
AEAA S Holobwr 1 & Qi FeHe Ax Aoleh Bw @ 5 Ak me FAEL A=
oleh. wd AL AEANER ohet <Table 5> W @Ed oBHY W FFw Eup sh
ol B+ RAAF Hdd AFAES A d4=ES o] 7MW AE olFo] W] Hrul= oy fighrt
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A AMAEE FE HA O THES

VEeF: A Jado] s Aol

t}& @A Barbara McClintock AF210] Af & o]
E4 7hdo]l & Eg=A AHIES T AFS
ste=d o] HAFZHA A <Table 1>9lA A3
71ojg] "habo] o] &4 JPH Wb ZEIOS B
A8 B 4 9tk ©]5 <Table 8>2& e X
AT

<Table 8>°l4 X #}9} o] Barbara

McClintock®] o]&7% 7}d& 7]ojg] H¥rlel H7}
2oz FAF B Az HA-d94 A
[e)

e ol A o|2E ol Eof Yl
% 747

| d7gol7t AAG? 2=
F Ab3tol] diske] Barbara McClintocke # o)A
Jol

| 9% AaE Ue fAx 24 Ao

= 7HaE olEe Wi, ol S HFEH] ¢
 APs gl AnE FHAT AAA el A
25 UellE Fdxe @4S 2dsteE do]
AAA7E =2 & ol z2elal Ho] FHQIAR
13t S o] Mzto] WE Aojgke 4
S dA g AR5E AA Ho Axle] Al 2d
of dAAALY} dAgttE FEES YA Ha, 1
of we} zIRke] o] & o] FHo Yo =S Wi
sHAl ¥ Th

shAIRE o 714 2kdtakA] wolop & AL =i g
Hell tigk WE& F3) Barbara McClintock®] A}aL
E At QF It Flolth =io] Wi ofF
ol A AH AHH oAy HAsAEo A HEE
WA "l o] o] FHAdte] #TRFF] FIHA
A= HE A ke arbara McClintock
< Alo] MEF dold FHdA dEd As
WA eFokth. Tk z2pAle] Ay zto] wholEof 2 7|7k

<Table 8> A program for evaluating Barbara McClintock’s theoretical hypotheses

Step 1 Real Word

The grain of maize is observed in mosaic color

Step 2 Model

Regulation of the gene encoding pigment by transgene

e There will be a transgene that regulates the activity of the ‘pigment gene’

Step 3 Prediction on the chromosome.

® The color of maize will change due to transgene

e She investigated chromosomal changes and crossing experiments in maize

with wvarious colors,

identified a series of genes that characterize

endosperm including pigments in chromosome 9 through phenomenological

analysis.

e She placed a small piece of chromosome 9 near the pigment gene. As a

Step 4 Date

result, hybrid colors appeared.

e This has the effect of inactivating the gene, and furthermore, observing that
the chromosome breaks at the position where the gene is inserted

¢ Discovered that Dissociator and Activator can move chromosomal location

e Not only does the dissociator dissociate or break the chromosome, but it also
affects the neighboring pigment genes when the activator is present.

Negative

Step 5 Evidence

vitro.

No!, The data and the predictions are in agreement, and it is confirmed that
the transgene of dissociator and Activator affects the color gene of maize in

However, even if the model under consideration does not fit adequately with

Positive

Step 6 evidence

the real world, there is a possibility that the predictions match the data.
That is, since the presentation of the DNA structure of Watson and Click, It

i1s a clash between the real world of DNA stability and the transposable

element of McClintock.
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<Table 9> A matrix showing Barbara McClintock’s choice between ‘gene metastasis’ and ‘gene stability’

"Gene metastasis’
best fits the real world.

"Gene stability’
best fits the real world.

'Gene metastasis’

Correct choice

best fits the real world.

Incorrect choice

"Gene stability’

Incorrect choice

best fits the real world.

Correct choice
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<Table 11> Design of teaching-learning model through the analysis of Barbara McClintock’s thought process

Step Process of design Description of process
Creating questioning ¢ Present a questionable object and think about why
points through data e Write down your questions
Presentation of Cognitive e Present data that can lead to past experiences.
non-equilibrium data e This data can not solve the problem
Presentation ' ° Proy1de daFa to SO?Ve problem§
of data Presentation of e This data is the history of science you want to teach.
good data e This data includes only the experiments of scientists.
e Students read the data and ask questions to the teacher.
. e Students int t the dat: d k hat th lentist
Conclusion through data u ents interpre e data an now wha e scientis
interpretation claims to be.
P e Write down what you understand.
e The teacher confirms that the students have solved the
Involvement Introduction of scientific problem.
of teacher concept e If students have the wrong concept, introduce the scientific

concept.

Present data
with different

Introduction of data with
different positions

e The student sees the data presented by the teacher and
thinks about the different positions.

positions e Write down what conclusions you will make.
. .. e Teachers provide students with opportunities to speak about
Discussion DISCHSS. 0 nlicting their thoughts.
oprions e Students listen to the opinions of other students.

Involvement Assessing content for e The teacher replenishes the deficiencies in the discussion

of teacher discussion process.
A FE@ del drtW ARS HES @tk o] ¥ 5 LA AW B & b ARE 2ES A
o Barbara McClintock®] 4@ Bha WS 19 =@k B Sof doly FAdAe] ha Adst
3 224 Al AT & gk YxAom Heeld e Ax7 DNA Fzxel

ul HAR olejdt 2AtmnF sMstd A8s =& HA A el Aa B ¢ = Ve AlE
alm zpale] o]sf gk gl thal Ao T 3 o= Aol 5 Aotk
= 713 Agdr. =3 Aol ol fd HES F Ay MARE EE GARA AR dvEHsE
A wAE AE E F deA st Aok & o] ARE B FAEC] AN gHS o]FHO
A Fe olz A Al WA, H A dAE Fl d g A A=
SAES AmaANY AR=ZFoldes T34 &7 oy HAlE HEHoR wWAME AR & JF
8% EAMATEHEe VIE 7 odeH, AHHA oA Aol Fa I1Fol A Alvie] ARE A<
Aol oty A4le] wEKow IFAHHOR FoE T8l olFoldS & F AEF A=
Al 7Hdel disl A = 5 e s A olH% & S9AlNA T ABAANGAES A3t
T AS Aot gto] 4dA = yrolen ARAAGAdAM = A

Al AR Ak 3]st A Z5E Jid ol ol A=A AE-FF4 Ataet pE-AA
JeAS sk, ol A8 Jigs =9 do] AbLE e g A AL, o] F dAlel A=
St Eo] ke A S AEF AR Fh kx| 2ol AL A jHelE FE wEAXITE S

oAAl WAl Z= Aol FAeE W& e = & = Aes AR
ool el Asistw il SAEo] oAHA A7 28 Eddgoly FdERd s 22 7
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E9 FEdA g & AP TAJAGA
o]F T T A2 B4 A 9% A
e Blo] ofyEl wWAME AAIEE ARE FA S|
FoEA wEl&HoR oy 7pA 9 FAFAHQl 7HA
S WE F Jda, AFAA Aol ofd HstAE ]
AT AEE E3 HHES ~x8 AFHS F 9
T3 AzHe Fd & AL st EwRY
MAA7E EA 7] witol A= thE 5 St o]
WALZE AfQYEte] SulE AES =ET £ JEE
Ees 7, ZEE NES AREsdod 3Eky
NEe =9 & IS =58 & 5 Add g
o2E ARl =EI AR AWEHEE oJE2ES A
Moz =Eet Ao 4 v dxd #
9GS FA FEE VIS AFIE HolAd 2
ol gtkal & 4 itk

ojo] ety AAAA F7] wited FTasithal @
4 Jh(Matthews, 1994; Dong, 2002; Kim et al.
2011) ofell A =g o) st 424l Barbara
McClintock®] #38t4 Abaapg & EAste] stud
ol A oEA AEAAA =9 & oS =4
t}. Barbara McClintock®] 9= A 2w
7b e dteE "AE AAEIFT] o
AznzZA &8 9 5 o AT Y
Moz Qe stA=o] ofsistr] o9
| AES S8 g9 T o ] wWE
3 shgo] Folnux FTasitha
DNA<9] & ¢t Aolgt= 7l
Z A 2 dold e Mdes Awstr]ol
43k e - sk Amolnh sty 99 Aauy
Barbara McClintock?] AZRE A Eo] o] 3}7]
A ek sl sry A5E WHYPste] A

gtk wok ZAHe Fgo] oo A + AL

o DT N
o G O% L
— >~ o o 1%
ELEE
i oy
i N
e

=2

2oL o 2

Aolgl 7o €t TS FAFg Jzste] dA
o= A5 w=EA ALk FasHARE AF3] A
FolE B3l olEel AHES & F UA = A
T F837)e EEES S5 gizo] udFiy
= Ab&stel o8 ¢ e F sk webs #HEAt
= Ao = A Al ek opue = Jhed
Al QA el WY oy}l ALE A FolE
Fa HEA o] AAETE S g o
Atz & F s Aoln FoHux #}IAE]
A uf AREste #AEtA AlanRAgs 43 9
doAol ddom, 2 AtadAe stE A achkd
RdS AREE] we A EY AtnAAES Hrt
a5 dadel= AZ & dE& Holgk vuw

Barbara McClintock®] ¥}8tAbo| A LpEbt Abar A
< BAske] Jigd we - s RdS AIAbE
o] &% EE FHed AHEstrel= ozl AleFF el
UMARE Skl A dak A7 ek Aparag 3
et 2ol APJAAS TAEC] WME F AdveE
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