J-wollldlaa
il | il S 29
il Gt} 313951 3 b 19

Cuyillg Asylyll Agalall Aygll
i3 Gab damall <ljgla plaill Oljlaag dapmall Gurbi
Juol (rale

asal pudidl aaas Jole 1ya2sall ayadl

damall dcling puini dwaid liwi dwaidll duls - §jil Juill dnalay eylisall AEwill

Iobas ciuaills Aagladl acloll 22026/2 /15 Aol 105 La3d!



O

APPLYING KNOWLEDGE AND
METACOGNITION THINKING SKILLS: A
PATHWAY TO PRODUCE AUTHENTIC
SCIENTIFIC RESEARCH

@S| dar | pdigd! deme Jabs .2




O

(Nonlinear) &as ¥ 2 5ils 380wlus 48Me (29 (dall Cim iy nSaxll A8 all (o W8] Cmeisg

J fis 20l




O

&iL8Mallg (Reasons) wulwdly (concepts) eualall Loy (ol ot diree 28ya0 | gl elall izl @
(Results) z3ludlg (Relations)

et aally BB liasay Apalall Bigmdl § bl (nipS5 Goaelidl sSanlly 23,al) 2Sea uas ©
dl Slaglas 5 e ope ) Jomy Los (mlid) eueas (§all 451a] A8l e cdlghasd com Ll bndazes 3laall
oladl Sl Az o po JolSaIL A8 gi909 Adas Adyan il (ml Al (@20 oLy

tedid odadl Sl §Ad,all ASn @

Joads md Il Jgamsll Abolisy ¥l lpaall o Ja s tiloglall ass v/

Asglall 13685 e 3 oLl Cmpy daglall (12985 Y

Aaeall Adyall ) Amla il Adpall oo oLl Ay 1§ yall zyaddl Vv




Lot Mo
§ lall Gl 318y dedis Zuloe ! JSudl s 13Uy S =

= How and why knowledge framework precedes implementation of scientific research?
y g P P

redad| Syl ASChe

Gedat e Laily Lagd lall cm ) Ao Guidat pue of Sloglall (ass 3 Lasd il lall S dl s

el & 8 ynalial) 5Sailly 43,2l Aea

(FHL oLl wagys ) ddyell Bia Sug ©

Ayt ol alall dom i 338 bl g ol e b yunll

(Metacognitive knowledge) 48,all ¢ 1y Lo 28,20 LLISI 2

adasedlly a8l olyg Lo @ulaiddl § Lsluseinlg (Metacognition skills) (§ yaslid! Sl 8L oludSl 3
e




O

49,209 (Knowledge) 44,20 ((Information) mleglas (Data) bl (e (9% DIKW aya ©
(Wisdom) 4o S~

Why?

[Wisdom

?
IR /Knowledge

Who, What,

When, Why?

Raw




aS,Ladly Jasd alylally delasd) dasel) clibidly cloglall (2 sdempall 48,all @
Laa,39 Lassseig Lell Joum ol (38ay 5oy laddly dlaal pall Y 3y i

‘Lgaibas cal @

AUy LUSIL Lre pat)) (Saog (Formal) dewy (Documented) daiga v’

((Principles)> &ealall tgaldl (Procedures) 1,1l (formulae) e¥alasv

Gaddl of LS e Jadl Al saS,Ladl @

. (How) &8s (what) 13k dliwl e i icamsll



Know-how : 4,25 ®

(intuition) 4wa>9  (personal wisdom) duaxddl S 48,20 @
LS ol Lee patll &as (Experience) § a5

Jie @

Leaders intuition or know-how

Sharing :4s,Lal| ®

(Mentorship) sLa g 4z gl ¢ laallecullasMU M5 @lats (L a5 coaimy




Application: _dsya5 ®

. (Explicitinformation)adse jall leglall cpo ais Ldle g leat) § 48 aeld 3udasll 20
ayLudl Jlee¥ opo a8l Leall (Intuitive skills) Aozl L o usezud (K9 O
Jize @

S ladl aldeall § jmisey 30,9
4S,Ladl @

OSwas (individual workflow) ga,all Jeall pau § 835290 (48350 a2 Ldlelg)lsl Lape
et cnals ol S350 Lactice Ll s d




TR R e e
2 e e e
Slgiad| pe LeudSU olleld Gukas (2. cliog

b sl 48l Jailias

ER{EIPEIIETPEITING

49,20 Lyl LUy (What) 13l (Declarative knowledge) daimg 38,20 cud R

(How applied effectively 4Jlasy 3das 2,8 (Procedural knowledge) 44!, ]



Lo i > ol Jae 5l 48,2l plaseiul 8yida: (know-how) Skill 5,L Ll o

Aundly adlgl o] 483809 83g4nde dwslan: (Experience) 5pslO

Guthilg ¢l Al o1, sad 7390 (§ delais 48,00 : (organization) eulaisll O

Aol ﬁ\S}T Slei¥ Gueadl il aloseiwl e 8,048l :(Application) 3udadll O
o oLyl eauaig

Expertise how to use knowledge o



O

How expertise developed dd,all johais 5.8 ©

Acquisition wludS|

F b B e

Practice oy ! of duslell

Z g 8o aSTl 5Ly By il gt ¢l patunly elo¥l s

Experience & pst| ~

et e el B

Structure 44l »

At e 5yuall pelat Aalisll mualall gu GlEdall o d cloglally HIKEY oy Loy 6,8 Ka L
(Sul=tlly guadl




Mastery ;,Las| @

Slxsl dA8s g Ugewn oLl sudas de 8508l 3 asdly GlasY) o Jle (6 giun Fudx=s
(ganto 1553) Gpoal oedlly a5l o oy Raghn b3

Knowledge versus Expertise 5 pse)| Jslao 48 pall«

ot s § Laesr @5 QI @lixdly Sleglall 2 (Know-what) : 48,211 ©
:(Know-how) 8 s

ol Jlell 8 Jlad (0o 48yl 3udas Je 8yu5]l 2 °



Adle Byleag Adyaall pulais « Bras (g giun (de Sloglall Julo=ig 0 d @

\.u“fw Ul ld Bloglall sutung z3ladl e Bpasll Sy ®

Suadall KSLadl Jod il 280 b0y 28 0l 5oy @

szl a@drae o> 3 iy digdyay F Loy igdimy Lo oy el 0 Say @

(ldL £oll) o ldag .oyl ¥ Jod Ggdies ¥ a@dyre 39d> (gdyn
(Self-awareness)



sl colUasMU ( wlueWlg )9.’..&.]\ I e CudS LS| Sloglaa R ZLL_H,.z.J."\ Ztéj.’.l\ o
Bydlis ol of Lo oo oS Sy 8,8l (Events) olly of cloglas Ao aoiai ®
Lo 3a=dl Sas (Evidence)

Sl e et
.(Hypotheses)

Characteristics j=ilas]l ®
Source : yuuall >
Ayeilly a5 pasdle (Sensory) (wlslly 3late



Nature :dacl >

Lo (o 3az=l (S pudtl] A8 2aa> yalgls (WSl Aadlye Jloc
: Acquisition L LudS|

i o Ml of Lolas¥l dlasMa :Observation: aasML ©

Sl 8N of 8,861 sLas | :Experimental: dls 325 O

oelsdl eMs i (§ Sl Reflection Ll lSasl »

Qe loisd g Lacdall ﬁj.La_U dlio 8ucls : Importance: L«'-’.;.o.dsi>



AesY Jaall Leseiug rules) (Heuristic duad 4cld of (Short-cut) Jic Laisl gai®
Slasdl e Baeias claglall (o Juldy . Gony aSanll 095 Slaw J> ol dasyw @l
=il e AST 4SS AL

3kl e Caatll gl Uasdly lguall e d4iss (Rule of thumb) (sud @

Jle se 4Ty (Satisty) 3 J=dl (9SG w8y Ahie e g« amdl ] (6095 (\Sasg ©

Characteristics : oilazx]! ®

Speed & efficiency 8:aS0lg &y udlV

Dleglall dxllas ol @a! poseiudl Asall el jludae ope Jas



© : Good enough solution: s> J> v

Al il yzea 89 ually ud (Satisfactory) 3831 =l ) due v
Base on experience el ulul eV

(Trial-and-Error) Unzely calguall oo 7 izl (2 v/

Prone to bias y=il] jo,20Y

GMae p @S5 9l (e Uas o Aol ¥l puilsall v/
Benefits :3.5LaJ1 v/

43 iloglas 3929 pue  pyu J> v

(0 =5 ] 445 : Drawback: caaall s v




(cause-effect) wilidl — Caudl oy BN o 2 (causal knowledge): 4iudl 48,211 ©

S EVOR DA VO [T (R

Adg,all il BNl e oLy il 2845 :(prediction) gzl v

Al de 5Ll cnas (Change variable) pase auad of Jsoad (intervention) Js oy’

Aol e Ly Bl 7 litwl cdaead! SlEMall o af ¥l alasiul :(reasoning) N
ezl mludly bl @iy

(what- ) 13] 13Ls 28,0 & Zeucal| 23,11 @



Jy &I Gy (where)  cply (why) 13Ws (how) oS o bdd o dudl A5l @
(observing Lol ¥l dlasda 5yma (utly ¢ (g Y @7_1337 555 Slus | Cus Ml de 1S,
correlation)

bl peas Loyl g5 aadly sainll ol 8,08l L 2cad) 28,10 @

: (function): Luudl 48 ,all 4 l5g ©

oS (adss I cais) SlasYl ¢ly9 L (explanation) ,was :(mechanism) &Y @J«S\/
il ] cud) (605

13k (what if) (13] 13Ls) ouSall 4Sadlly mewd :(counterfactual reasoning) : ousSa| ASadlv’



: (knowledge representation) :48,all (Jas®
Aead) Aol Sloga ! alasiwly (S Lo Lle dad 48,al1V
(Explicit zly JSay (causes-effects) (ol willl -lewdll) Aol SlEMall @5V

casual knowledge representation)
: (decision making) : 5| ,a31 3lxsl ©
(spurious correlation)das|; 1 ol Ls, ¥l e (actual causes) daamt) Clewd! s
(more effective decision) A dlad ASTy Jansl olyl,8 | 05



(causal knowledge graph) :4udl 48,2l SLed) eyl @
Sl oy S 3 laal) o Al SEMal! Jiitas 1 dsyai v
A

(AB,C0) Jis oslpasll:(nodes) uaall =

(A——-B) auudl wldMall:(Edges) N.J}H :

:(Benefit) susladl =

L) SLBMall youms i

Ll ol Sk i

a3l bl Y puses i




Graphical Models :a g Jl z3Ladl ©

Do-Calculus : ISl g Juslaill®

Counterfactual Analysis : o2| 8% Jd=zll®

Causal Knowledge Graphs: 4cudl 48 all Billala o ®




(Knowing what/ that) : of 13l (8,25 ®

(Information) <lsglally (Concepts) syalall «(Facts) silaxll 2

Source : jalall ©

caidlg 0-3)53‘ o Jeladl cdualall 3lhe¥lg axl Ly s «(Education) N.La_ﬁ\\/
Importance Aoadl e

J> @ palud ¢ guadl aSanll jiad callall 3l eeds o Ll¥ @d @ aelud
o e




© Characteristics : oilLazll ®
LS \_13.,_1 (Expressivity) : aeasld 4 L&Y
. (Transferable): (a3 4LV

(Facts, information): &leglally gslastlv
(Concepts, Theorems) ;b Laslg m.za\.él\\/
R TR s
(awareness of facts) : £l L el v




@ Knowing-how :c 4,8 8,25 @

Sadze Sliles ol ples elol 4S8 %) ol Alandl ol Al Yl b all Gl

(Knowing what) (8,25 13l 3ila> 2 sl &b mgll ddyall 4 as ¥ ©

Sldee ((Methods) duxiw «(Step by step) sghasey 8slas aatws G 48l,> ¥l 48,20 ©
da !t Jgum gl (process)

(Instruction) & leagilly cladatddl ol Uaselly il guall (practice) duwledl IMS (0 ccudSS ©

Can be implicit or remain explicit .




Characteristics j=ilaz]! ©

Jaall i) Jeadl e 38,5 (How-To) 48,20V

Jeadl AleS Ao d &y La: Skill-Based 8,L L1 bl V'

iyl S Byl IS (e S :Acquisition s LSV

:Implicit vs. ExplicitV’

Can becomes automatic (implicit) or remain as documented steps (Explicit)
L

o e

Guidelines of 38,5 Lilasa pe cildaall 3445 :Capturing: 3uisidl Y



Transferring : a1V
O3 S Jad leall edadlly coyaidly o gl ol sl
Using mentoring, training , and hand on coaching to pass skills to others.
Importance :4a¥! V'
Improves efficiency :adlaall (s ol 8¢ ST ¢pmey ©
Reduce error:c s ¥ s, 0

Standardize operations :=Ldeadl s>g50



Conditional knowl%ge dibpull dagmall

(Why) 13Ws (where) nl «(When) & o R, alldé,alle
(know what is) &lax)l 48,00 1add diuaa (Procedures) olely>! dudas Jou ©
ow to do ¢ i 5.8 ¢l (Declarative knowledge) diawmg 44
(H d WJM_Q_SG(DI ’ k |C|g)" '”).u)
.(procedural knowledge) 41 ,>| 44,20 something)

ol a7 Y Lae Lo pall o191 BN ol ey ©
Adlas 3, lall AST e Jlad 51,8 Slsesl § aelud b, il d8,all @
.(Metacognitive skill) 48,2l ¢1y9 L &J1,5] 8;L0 (uid Buae @b ] 2543 |da @




Aspects “*

Contextual awareness: 3leudly £911

el BLAISY G | A g Blual Jie (specific conditions) dslsdl Lig,sdl e 8,24l
(Knowing what) &=l iu!

rdae ) A Gedas

(knowing , when &why) cexe | (§ Lias dzm il il Eo Ll ausetug 4485 (s e Byal
Adaptability: 4.8

4lae Laall mualall 4 3850 ol CByady Bugas Als e Gyl Jead Y sl ol -2



Loyas gl dd,all 398 28,2l of 23 all clyg Lo 28,2l (Metacognitive knowledge) d,a5 ®
ASadll 4.8 49,20 of (Awareness knowledge < L s

(S¥L Co Ll all] paias S dl 948 0l clyg Lo d8yall iligSh ©

(Parameters) <l yiw |l (Factors) «Jalgalls (Self-awareness) il £¢dl b mgll 48, allV
(allls lyuial) 191 e 295 a0

Sl @bzl ) Leaseius oL AL aLisll (Knowing how) 6.8 e #SAN 451> Y| 43,211V

Sl Godatd (When & why) 13lg Ge d8yae el Ll delud b, 401 48,201V
A a

3



el (9 aSadl g (ola]l S dl (9 :Metacognition (4§ yaelidl aSaidl @
(Thinking about Thinking)

Ldaseddl Jeddy Lasdass e 45,089 4uaddl 4slidesy (Awareness) coLdl £ 29 ©
Szl A ¥l awxig (Evaluation) euédxlly (Monitoring) 481,11 ((Planning)
Ad sl

(Metacognitive knowledge) 43,all slyg Lo 48,00 ilea (Dlxo (g3,all @lazllg®

ol Saelidl . (Metacognitive regulations)dd,all ¢l L eulaialls
(Metacognitive Knowledge)



(S cdbay S 3 LS ddyallolyg Lo pSaull @
Metacognitive knowledge :c8,2Ll ¢1y9 Lo 48,204V

Metacognitive regulation: 48 ,2ll ¢/y9 L N.B.uj\\/

t

ds,mall b lo ealaidll d6y20ll chsle @sy2a 'J
ossal asball [ 1ybss TN as,sall aysall

aslo il ayil, =l dauo ol




(3801 e1yg L) igmall  panlial) Sl o

1 Sty Lok 8, bnpally Aulaal) dilybany Ll 9 ]

sddl L alall e ol c8luall wuss i da sV

Jaadl s 8T deusetawd) il Gl A A (0 3asis cdoddly dagd) oL 38| 0 a3 LYV

Bl daslwy dsbs ‘a\g.a-i Dlsa) e Bagaed (J13 quuds :p.g.a_ﬁ\\/

oLl Cdlyy s (Self-regulated) dalain Adoe Eed) Jazmy (§ yrolidl ASGaall alisezul
Agalall il Liadl 3uams (lasad 5,Sas Juasg




qalall agl (né dubpidlg dsilal drangll damall Gabi
O

yallclyg Lo d8ya09 duboy ally 4l > g Ldiogll A8 all 3uidas

: : Defintion, properties, principle,
Declarative knOWIEdge @ Knowing what * facts expefienz geneFr}Iizatign

Procedure, algorithms, formulaes,
@ rules, sketch, illustration

Procedural knowledge Q Knowing how

Conditional knowledge @ Knowing when .where Q Justifying; predicting relation
and why explanation, applying ,strategy




qalall Sadl (a dsilpalg dsangll dapmall gy dadlall

O

definition
properties
facts
principle
concepts
experience

Declarative
knowledge

generalization

t

Conditional

Procedural
knowledge

knowledge

Justifying
predicting
relating
explanation

applying

t

procedure
agorithms
formulae
rules
sketching
illustration
strategy




coas oIS o uyudll zalie g9 Sbyadly casdl 3 3g2 g0 (eladl Ee | (S

Ol Jads Lidsyz=s (S Mo 4] (1 (Hourglass) ceedl (Sa (§ (odadl Em !

Mb@&\i}f)i@j.iﬁﬁ\ LL’SﬁMM@J\M‘@#@M‘
Aol g (e Libae Lol 18 065G 19 @

How and why knowledge framework precedes implementation of scientific research?

ezl o s it Jgvo sl aydad HST L Aaw Jd Azl of (gusl



ul.ajS.w
0 3 Al poloill Joall 1da mouat) @, S0 aezell e W piee g1 <l el @
FEJRSY
s Olate Oredl o Laly (e g Mass Aaale Jugolil) Al yymes Aag ) Sad1 @

o]l e )953}3“ Jyaj.c)&&.” ®

G819 (55 alls as
den| pdad! ez Jale 1




