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The purpose of this study is to analyze mechanistic reasoning in Fabre’s inquires and to develop
mechanistic reasoning model. To analyze the order of the process elements in mechanistic reasoning,
30 chapters were selected in book. Inquiries were analyzed through a framework which is based on
Russ et al. (2008). The nine process elements of mechanistic reasoning that was presented in Fabre’s

4AJunet 3031 SS tember 2018 inquires were as follows: Describing the Target Phenomenon, Identifying prior Knowledge, Identifying
Kz;fvpof s Eptember Properties of Objects, Identifying Setup Conditions, Identifying Activities, Conjecturing Entities,

Identifying Properties of Entities, Identifying Entities, and Organization of Entities. The order of process
clements of mechanistic reasoning was affected by inquiry’s subject, types of question, prior knowledge
and situation. Three mechanistic reasoning models based on the process elements of mechanistic reasoning
were developed: Mechanistic reasoning model for Identifying Entities(MIE), Mechanistic reasoning model
for Identifying Activities(MIA), and Mechanistic reasoning model for Identifying Properties of entities
(MIP).

Science teacher can help students to use the questions of not only “why” but also “How”, “If’, “What”,
when students identify entities or generate hypotheses. Also science teacher should be required to
understand mechanistic reasoning to give students opportunities to generate diverse hypotheses. If students
can’t conjecture entities easily, MIA and MIP would be helpful for students.
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Table 1. Subject of analysis for mechanistic reasoning
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Figure 1. Example of flow chart for mechanistic reasoning
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Figure 2. Mechanistic reasoning of 2.15.1
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31 AFHEOM, How HES ARooA] T2 4502 248 2

3
é
0
o
1'

AES AR ks o3k dtkvan Mil f al, 2013). 02 H}Efo.
(12143 Bz 29 B2 Ex3dd7]eol AR O fRS AT A, Sadirleel
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Outerasain o O HOI G WHGS & £ G swlel S
NPTE=E AR 2E aszd 0 ERFY7|E0 i FFo] Whydl A2 217, How<l 22 1274,
IfQ1 212 107, WhatQl 21 97)7} Urepyich E3h -1¢LL/2>*7]€°1
Figure 11. Mechanistic reasoning of 2.14.3 ‘SYAE djuitt sEo) A= Eafjru] Sof] A& gk FAg 1
AL 8l 7k, Aj7ol| A ARt ‘3015 Asff Tl FHdck o
A A, HREAYE, A4 2R, g Sl ARERae I AE G e} o] Whyolmo 2 AlRRE 29 AA|ISdx) A4
L, SEERl, AAEAERL, AAA, AR, AARAEte] a4 SRIZ, oA thA] EokeA?9f o] HowoliZ o= Al2kd 745-
20| WAUSE vl 1FgollA Bl Aolar vHEAQl Fej= 1} AT SEelE 2R e o o Slok HREAYT]eo]
EReS ERISE 4= Qsich @S Adsh] fIgk Bkl A of ‘TAE A BES 5 oSt oW o) dojdmlr et 2ol
Mz|Ao] aRS w|Hthe A94(Zeineddin & Abd-El-Khalick, 2010) [fOl R0 & x|2Hg 7 A&z Elnt EEle, o wAH
ATle} Zho] HAUZ ZETA A E R4 BolT} takes slol 7t AA vHIA 5= QlofA Hsizto s Adeldr) el o] What 9
= &ofl Astaral sk AAE 2L St E3t wiAUS S =Y TOo® AR 79 AAIFA T AAIEA E91S ZRith Why ©F
J517] Qe SFe] 2HQ HEke WA Ved & O RA8S How o] HAUEZAQ] A8 Bo= sl Awolial Aa3d

op7|el= Yelo] Fjo] 7|&3litt= ¢7(Glennan, 2005; Craver, Hung¥} Jonassen(2006)2] Zafe} Uz|el= Fiolrk

2007) Axte} o] wAUS 2 Tpollx] Zsgelo] ARl o] HAUSE 29 IS H3xd4 7]§°ﬂ AR O Al whet
Aol =3s &elskdick e T AmE A3 ZF o Fo M E AAFHo] Yeht=
B ERIT 4= ASIck wEbA SRR WellA = ’\'Xﬂzﬂ
2. HPLIE 2B 2 oW o] Uehh= 9JXof| whet FEIFES ol Btk o f30l
Why, How, What] 7-9- AlA|34o] ghsalelhr} WA 1415}1%7]5

EREA|ES 2408 QS SAEE 2 12879, 1 F Slal Z-sekel Sof) Uehr % sHAIRE o o] IfY 9ol

7%t 29| WAYZ Haeied 12710 WeolA] Uit BEER] ofFo]l AAIRAo] Rt If oo A o] 270] o]
52749 THE— wE) ApEke 93k Bajrako & AAsiac) 527)¢] ER *‘iﬂﬂm s 4= 7] whZolth. Whyolz %ﬁéfi

TS sk 933} 3 o) Ax|AlEkelnt gakeAdElel ARz AT FEERIEL WA oo = 22 B 11719} 52
Ash= iLJJrXéLoﬂM Alelatect. A= alEkel JJF gjarsA kol Qlo] AAFA L fA| ojfojxe 2 Y 42 EREUL
29| 523} BAglo] ol FRojAt Uehton], sloig Age  Howole @S dAlFge] @ ielunt jiA) offofale 52 3
2R 5HHA] VFERFE AR 2ABKE 31 2AEE EajA]ul o]2o]7| 7 672} FgElo] AAIFHEL |A ofFolA= 2 I 2=

Table 4. A Classification according to the process of reasoning

43 el &4 *2 34
Why* _ s ; _
 ERFAT| S AR R A RIS SR A R A gl A 4 8kl
A How*
What* - BEEAT| S AR R A R RS- E Sl >A R4kl
B Why' - BEEAT| S A A2 SR AR R >A A & gl A A gk
How' _ s o o
c = - ERFAT| SRR BE IR Bl A R g A A ekl
What' s BRI AR RIS e ERIAA L]
# A o] GEelrrt WA el 79 *(Why*, How*, What*), A#54o] G5akeluct gl tehd 4 (Why', How', If, Whatho.g
Urehy
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BRIk I TESlo] AR WA o|Rofi S 3}
% 670, Whate: AlR|5o] SHESIRLET) WA oot 2 1

ek BEElo] AAFARL HA ol FolAL FE B 47}
FEEiglch 2424S FE 1P 027} (el 2Ajo) B s
Yoz FA F, FU W1 Fow 37 o phe

4= 931, o= Table 49} 2t} Q17 WAUES ¥al7] gt 34
Ol F-2 Whyo|m, Whye] If, How, What} 2+ o EE50] A2 45
-85kl ATk

Table 49| §E2}5 7|9Eo& 3lo] HAYS F2 mdS 2
Tl whet AA] Sly, BRI, AAGPERIE 371K BER
7iekatodch

7k AAERIR HAYSE 8 ZDMIE)

AlAIEkelE HlAYS 2R Y(MIE: Mechanistic reasoning model
for Identifying Entities)o|ot A% AAE AST BFo7 FE9]
o] XPE= ot} AAIERRIY HAYUS FE2d (MIE)
AAF7gol A He BF F= AMEE, Bl dFdE vE
Aolet oAAR= 274 AAE WA 4% F, 8 AAPE
Aol theh o sidsl & = e IR RIS 4= Q=AY
MAZ S SRS AT BERAIE A A A=A
sjolgRE sl AR ekl sk 225t 4o
go] WAL Ao| WikHolck, ARl A US 2 wel
(MIE) Figure 129} Zt}.

i Sg=el

v

Figure 12. MIE(Mechanistic reasoning model for Identifying
Entities)
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Figure 13. MIA(Mechanistic reasoning model for Identifying
Activities)

T BBkl B3 e etz 2E AAE 7
317] 98l thA] AlRkRAER) S5 skolo] BHES)A] LR 4= 9
, o] Il A AR AR} HdEdeelo] HREH o R ofFofR
2 glek. BEslely HAUZREMIANS FT 5 A Bk ThA]
7k El= o2 Whyoltk

[O o|N

O

A

o ARSI A YSE F2 ZEIMIP)

AAEAsely HAUS 2ERZY(MIP: Mechanistic reasoning
model for Identifying Properties of Entities)o|2F E}Okﬂ A&z AS
who] BEoeln A4 SIS Fo) AAE ok B ©
Ul AAASRIE UAUS SELUMPIS BRAS A
o Se "e‘xﬂ— k= Zlo] ofgte u] F= A==, Tt
o 2201 Ul 02 G2 ST O
dgstel Al
sl s S0 Ticﬂ Jspd, o 24
oA AAIeklsh ol aielo] T olgofict At

@ HAUS 2 ZA(MIP)2 Figure 149} k.

L

-

v

oo BHEY hoge - >
=el If

ch=stel
R

v

2HEg=

L 4

Figure 14. MIP(Mechanistic reasoning model for Identifying
Properties of Entities)
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[F21] H7{UE =29 =2EZ FZ oA] (An Example of protocol coding about mechanistic reasoning)
s lmm, TH= £ 54 Fdo] = A Mol <t &gl
s AI8ET 95 Afol9] FMAET]= o] AAEo] BAHAW vjIiel FHANE F Sojrpd 4= ok <t &gl
s upAE; B 5 meko] 3REe 5o] Su Ao R AR A o] At FHEE FE7t e, 1 JSHA w2 A"

=ojsha LALA AL Bk

CfElE gl 22w fElE BEAY ATE FgelE ARETERE
o] HHA| eHo] Woi| gkt <l
Coje] RS £ZAA HEUR AR Yol o Beles Sh thal 7] ZAIEIeh WA A Adel AN, <Al
Lol ) chele] W Mk 2w Tz, <l
coldl FxBEo] 9 WA <BIEHAI1>
+49) wol 4 i) A S el A el Folelola B ol 19 ol Sdjol] AAge <L
oS 9gue] HalalA A7 Y FF o= wX) itk <A el
Fo] WAES TS| SHolES ASWE 7 <A
Sevbet Yaksh] Aol FHE ANY Rol AnAL Bal % Aol e I5elA Az <Azl
L g Bl ojds 2wl vHE s Ax) oRck <l
L S74e mRPASE 2 BAlolA ohEelE AR thAl be ohgel 2AAYA B vl Ex 9 ol elggich ARETERE
YAES B g <5l
g 3ol g0l B4 ARETERE
- SEAE wow =yt <l
C2ohgNES W wiele] s ozt £ el ol ARETERE
-safele] ozt el A5 %o stnEck <l
4%0] Gof grebtol] B4 oA exbec, <A
S A AW O] Tiso] Fe ot Bof Qloieh o WE asich Al 3, Al 49 W gk <BEIL
HEBER] E Aol EARE M| ol ol Bt oA ol sisieh <Al
‘8 %02 BIE oAl Aol 4 a@ ol o TAGlA HElis oz, BRUL Slm AT vhgel B gtk <dEIRb
E71S| LA ST oW PR A YR AWleln S A 2fsiel s i B A E R g
22 St gtjekE wolue s Ho] whel A3 gl AA el
YASE Aloh gl Wt Bgio] sk AaE ot AKelE A7t <L
ofFE 71 ofdels AN ok A= Wojux) ghrh <A eel
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Cope B4 ok U ojelsl mlelrt £ 2UE A2t ok Sl el Btk ARz
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L7k ot e 2 AL o] A Fol Mol el g Yt 3] Hishe ke oAlsk elslek <l
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- "ol et glelw Hole] mAE B 14N 4 At <tigeiel
- iglole} thelo] W wely 95 el
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222] flAHLIE F29| zl™ (The order of process elements of mechanistic reasoning)

= 2

151 P BIEEA| S AR R A ARSI RH R AIE

152 - BRI AA YA

153 - BRAA|EARE

1.54 - B AT —A R AR -ERE S oA A A FRo Al A &kl

1.17.1 - BRF A7 LA 2 AR A B0l A | R 2 A B> EHE 3o

1.17.2 - SRS AR ARSI RS- A R

1.17.3 - BRHA S8

119.1 -SRI AR RSB R AAIS S >AA ER
1.19.2 - BEA|EA R R AR s s> gl

1.19.3 - EREA S oRESel AR R A 2 S E S S A Bl
1194 e R e R s MR R ]

1195 - BREAP|EAAERIAIGZ SRS

2131 P BRSO B SR A SR

2132 - BEAATIG AR AR EAERI- S E I A AR

21334 s e g e N i Sl R e

2135 e & S RNE S R R RN P o

2.13.6 - BRI |E AR R AT RIS E AR S A BRI AR R A A
2137 -SRI IE AT ARSI B E R

215.1 F BRSO BEERIAAA SR A R A AR AR E TR 2
2152 - B | al el A el A R AR e Bl

2.15.3 - B A7 —A R R AR -RE Sl ol Al A A Eo)

2154 P BRI G AR A A AR SRR g 8
3.16.1 P BRI AAR AR S

3162 - B A R AR B E Rl A 2 A AR sl R gl
3163 - BRFA| S A| 2R SRl HE Skl A S Al Bl A ekl

3.164 - ERAY7IS E IR AAIS A ERI>AA IR

4.17.1 - BRI 2 AR A -SRI -A R R A SRS E e

4172 P BRPA AR A BRI AR R BB Bl A A 4 g gl
4.173 - BREFA | S A 2R ASRI B Sl A S A4Sk

41745 R T K =t B R BV B SR
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6.25.1 P BRI AR R ARSI gk

6252 - BRI AN ARSI EE AR E]
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8.6.4 - BRI AR -REE

8.6.5 - BRFA| S AR S A 2R A Sl s Sk

866 - BRI AR SRR g ARkl
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