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The purpose of this study was to develop instructional programs aimed at enhancing middle school
students’ understanding of evolutionary concepts using a step-by-step writing strategies and an applicable
evaluation rubric for evolutionary concepts. To achieve this, a step-by-step writing instructional model
(PEECE) was devised as a method for scientific writing, and essential evolutionary core concepts were
selected considering the middle school curriculum’s coverage of biological evolution. Six evolutionary
core concepts-variation, inheritance of variation, differential survival and reproduction, microevolution,
and macroevolution-were chosen, with each serving as the focus of a lesson in a four-lesson program
following the PEECE lesson model. The program was implemented with 16 students in a co-curricular
middle school class. Pre- and post-lesson evolutionary concept checklists were administered to diagnose
and compare the level of evolutionary concept understanding. Additionally, students’ writing materials
for each evolutionary core concept were collected, scored using an evolutionary concept evaluation rubric,
and thoroughly analyzed. The results indicated that the step-by-step writing strategy effectively enhanced
understanding of the six evolutionary core concepts and reduced cognitive biases and misconceptions
about evolution. Contrasted with the optional evolution concept test, the descriptive writing activity
provided a more tangible insight into students’ scientific concepts, biases, and misconceptions, facilitating
teachers’ assessment of understanding and feedback provision. Moreover, the jointly developed evaluation
rubric offered specific scoring criteria, enabling objective assessment without subjective influence, allowing
analysis and scoring of students’ writing materials across evaluation areas for collecting fundamental
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Figure 1. Research procedure
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Table 1. The model of step-by-step writing instruction developed named as PEECE
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Table 3. Overview of the developed step-by-step writing program
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Figure 2. Data collection process

Table 5. Understanding level of evolutionary concepts applying an assessment rubric
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Table 6. Analysis criteria for assessment areas CB and MIS
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Table 7. Results of the Wilconxon signed-rank test on the evolutionary concept assessment

o A4 AA Wilcoxon signed rank test
T N 12;%};& E=HA} o Sits 8 £
(124 ) AL p p
- AP 16 5.875 2.630 16 0.291
sk g A . 0.000
AFs 16 10.562 1.548 16 0.008

Table 8. Results of paired-sample t-tests on preconception writing

and consolidation writing

B N Bt F2w% At A sxE 1%
™ (104 Tt) e A= P ¢ 7
i AZFZ A7) 16 3215 2.176 16 0.861
Y S247] A -11.801 0.000
A 227 16 6.755 1.391 16 0.446
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Table 9. Results of paired-sample t-tests on preconception writing and encouragement writing

an N 37 xR B8 A4 -SEE 47
= (103 wHd) = ey P t b
) R YZF 227 16 3215 2.176 16 0.861
sty Iy He 9471 0.000
EEEVY 16 5242 0.972 16 0.280

Table 10. Results of paired-sample t-tests on encouragement writing and consolidation writing

23 N B s2a% 353 A% O-SEE 44
(108 ) PR p t p
_ 227 16 5.242 0.972 16 0.280
S 7] AL -8.115 0.000
A ZF27| 16 6.755 1.391 16 0.446

2ol folulg 4ol glon], yans] et wape g

3 AR Ael2evle) A4g aude o Wt Y ojshwe

] 91-2-2 Table 9, Table 107} Z+o] EolakAc) 7t

3 Z2IYL WA 227] £908 IS0 S FAMER 4

wlo] 22715 Ped), 7 WA 2eaviujet Folx Ao A
S

5o S W3t AU SIS FHALS & 4 Uik

L st Y AgE SAME ol ¥ 24

e

A5} 4 A os A o, oo $, AF5H AT}
A5 AAL, aAsiel gisk S olaslr] g e eas A
1571A]0]m, “Ho]i= A 717 g 48 shyelal, wole] 44,
A5 H T A5 AT, Asle) RSP ) 7K g ek

A 324715 G, Hol AL 16%0] A 7] g abo]
et 48700] Fear) AR B Aol Wole] £,
A5 A A5 A AL, adsel sk AEe 16%o]

A7) U fkol ol 2T 64700] Toar] RIS Baat At
o]}, Table 11 U1g Q= Thild S247] Ae0] B8
LR 101, Table 124 18} 841 i Uhg- Sl W} Table
55 el 2s} A ofa) 1554 seETR Hisle] 247
WA wskshe ofa 4ol Tt WSS Lk olch

g3 me1go] g A} Al Jihde] B ofs) Ao
Solujgh Wsh} QIRH=AS ALHIA FAEAANOVAIS 53] 3
U519tk ANOVA AA] 2 A7 ek SHAke) 71y ahs of
£ SISk

¥4 o] o] YfslAb Table 133} o] 24712
#IV AR G710 Akt Wolo] digt olslE wisle] ojulgt
Aol ol A0 Urhom(p=0001), A A4 2E Lehi
Table 1404 o 4= 95 AYk227]9} tlgTer), Aztae)el
Aelgr) 240] g ofs) Wsbh FEelAT, Uuasleh Al
#7) k0] g ols) W Awi 37 e,

wlolo] £ el Tt ola wish 2] Aaf, AZFEa7)-t)
Y7ol 2er10) gulet wolo] §to] thet ofslE wSjo]
FOuIEE Xjol7} Gz A0 LrErtonyTable 13), ALF 4% 2t

Table 11. Writing scores (out of 10) based on steps for evolutionary concepts

20] =7 e e A2V 7] Ha=27] AElE27]
Hole} A 4.17 573 6.78
o] 4 "ol 230 5.00 6.78
wHolof o HETHF 3.86 6.35 6.15
IEFA(ER) 3.54 4.79 8.12
S| =& R(AE
wolel £ jqj 5 2)( ﬁog) 3.65 4.79 6.67
LA oA 6.38 7.87 8.25
AT 64 83 37 W) 5.83 7.70 8.12
24 A3 2.08 4.79 6.46
ARSIV ES =7 A7 2.88 7.00 7.50
A5 YA = AZE 9 AA(7]R) 2.75 2.69 5.25
A5 AE 9 AA(ASh 1.25 344 5.06
o] Az} 241 3.66 6.07
i i 413} 2.44 431 5.88
2159} YRSt - .
z|3to] HyaF 3.59 5.93 8.20
e ks 0.89 4.11 6.25
B 3.20 5.21 6.77
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Table 12. Understanding levels by evolutionary concepts, step-by-step

S5 452 I e 15 Al(%)

o] 0 16.7 375 25 20.8 100

Holo] f-4 1.6 9.4 67.2 6.3 156 100

NI AR PRI SR YA 0 1.6 422 359 203 100
A9l gjAst 0 47 484 12,5 344 100

B 0.4 8.1 48.8 19.9 228 100

o] 8.3 333 417 10.4 62 100

Holo] -4 9.4 28.1 50 1.6 10.9 100

Ouaxy] A5l Y2ah F5E YA 3.1 18.7 50 172 10.9 100
273k} HRE 3.1 63 70.3 9.4 10.9 100

it 6.0 21.6 53.0 9.7 9.7 100

o] 12.5 50 27 62 42 100

Holo] f-4 50 25 20.3 1.6 3.1 100

Hagrr] A=A PRI G5 YA 10.9 344 453 9.4 0 100
2739} A 17.2 344 40.6 7.8 0 100

B 227 36.0 333 6.3 1.8 100

Table 13. The one-way analysis of variance (ANOVA) results for step-by-step writing scores on evolutionary concepts

213t 4 A B A N Bt EERA F p

PR 16 3438 2615

ol tjg 7] 16 5.694 1.703 9.954 0.000
Aea27] 16 6.563 1.675
7227 16 4.849 1785

wolo] 97 EEERY) 16 6.291 1.949 13.265 0.000
e 16 7.791 0.922
A7k 16 2.240 1.615

A %i?% A EEEYY 16 4479 1327 28.541 0.000
o P 16 6.067 1361
=T 16 2334 1.582

275} o713 tg 2] 16 4.505 1.658 35.494 0.000
A2 16 6.600 0.950

oM =279k HES27] 11 g ofsf wehkt tEaAr]e}

Ael2] 219 A ofs) Wabt FE

o 2~
qe a9l

S Table 14).

A AT ARSA AAAY el Hiet ofs= st 24 Avke

T 0.05914 A

a7 g3 sy

|gelEr)e] et

5] Azt A5 4 Aol T olalE wstel ojuls xjol7}
Q= RO Upehek(Table 13). A5 713 A0S B8] 2k
o} tlga, tgerier 4ol 1ke] Bt Aol 005 45

oA BE fofahe Sl

3} tH(Table 14).

2x1gie} OIS Aol Tig ojslE WEt 54 Aol N Az
27\ Ze el 247]0] ke xiske} tixlsle] dig
olelli W] folulat FJol7h ol AC® UekitkTable 13).
Table 149] A1 4 Aol Uehet A} 2o Azh22719} oid
2], cgay|eh elger] 7o) A ol wete] Bt Aol
7h mE o,

S
WIS H1S BRI 5 ek o] e s e
3
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Table 14. The post hoc analysis results of one-way analysis of variance (ANOVA) for step-by-step writing scores on evolutionary

concepts (* significant at the 0.05 level of significance)

st H4 7d 24 8 Fi Zo] p
e === 2.257* 0.012
= A2 n 3.125% 0.000
W= 2257+ 0.012
#o] g2 ——— !
eV -0.868 -0.492
W= 3.125% 0.000
elge] — |
g2y 0.868 0.492
=y -1. .
Azt oy ] 1.443 0.051
a2 2.943% 0.000
o o . 2V 27 1.443 0.051
Hole] g g3 = -
Aa|Z#7) -1.500 0.040
M ZVLA
i) SR 2.943 0.000
RIS =RV 1.500* 0.040
—— === 2.240% 0.000
=g -3.828%* 0.000
A ET} SIEErY) =27 2.240% 0.000
AFeA YAl mE P -1.589% 0.012
qeln] AZFZ27 3.828* 0.000
e Y 1.589% 0.012
i) I i=E= A 2.170% 0.000
e Y 4266* 0.000
i AA=E271 2.170* 0.000
7‘(_]§}9,]- Tﬂxﬂ T’% UE-}’—)\]] 2] :L;y\7] 2.095% 0.001
o 22— —4. .
2] RZV 27| 4.266* 0.000
(e} = —
27| 2.095% 0.001

T xSt} tiRIsk AdS dE ARE Al
L SRR B A4S 71202 Y SHRIEC
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22 At SHIEE YA 23] Fala Uy AEE o]
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S0 tfgh Aoz pAEo] Qlrt o]l td Z}EA W8-=o]
UL SPAYO] A9 ER}A ofalfslal 2ol HoiA] AEsh]ol= 018%
o] QUE Ao A7t AT WAR] e £a1 FHSH =9
TGS AZ Fol= 23} A JidT 29 A YEg ofastal
X2 I A3 Aoz Hol s YL o|3iEl] YsiME &
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2= 9lck(Kahneman, Slovic & Tversky, 1982). 0|3} 2=l
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Table 15. The number of students

showing cognitive biases in evolutionary concepts

213} 3] 7}1;]2]@’ B LR el 2g oA e
#o] (48) 4 2 4 1
wolo] 9A (64)
AsA AET 2-5E A (64) 10
27159} 713} (64) 2 4 8
gl 4 14 17 9
Table 16. Cognitive biases and misconceptions regarding evolutionary concepts
Q1A A HeF =27] gt Zs}t A4 g
Fol Zonzg 3 Wo| Yo Fo| B AR A= el uhet 2 Wol g sto] Fo] v o]
ol 9 Wzw FFo] A ot -
FEFA L Tygeimen ge golnz 9 Mol gk o]
e 37)EE 9ol AL g A Pk Hlo]
AAAE BAE B3 B SN TEOIYIXT 1 447 AT s fAARE AR e, o]
2ol g AAIS] FejE WatA)y) T WAlEkS Aol -
w77t WA Al ZHAES M 23 Aol F4) ks Wl Ay A5H AET A5 A
Qltiol ogo] LR Wby Aepr} Abdsh] oA AdS B B 5 JES A A5H AET A5 A4
H o] x = = 9o o 2] L AF Ak Q)=
L 2Se] RIS Do Yol eh P e 20 A5l AoRE US54 9
ASAE OJAUNES 2337 dE A2 AEL 52 B4
Elﬁ 2k EOIAL 1 340] BFol Wolg doRl AN At HrhHOR ASH HEE WY ao g
e R} wob o] MopdA| Eal o] H-ZsPHA RS AA|stA E Aol
HARoA TAL WS o L& 202 Ho|A 7] &) iy Ryt nE ohach o]
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Table 162 S48 2247104 215} 84 el Hhsh L4 ol
Sefd shge] F47] geke vehd Zole.

=AY

Gelman & Rhodes(2012)0f w2 H2|Z20] HEFS ALE0] ofw
Wl &5HA sk A0 &4, & 4
Aom A=o] Holof tigt olaE Wefgith o= A+ Axk A
o] ko] 2z} 4 Jid F ‘oo AuE LRt ZollA] gelgt
o= ok 3 S5 0] A, AES el AZEAT04 24
0] ko] UL, td ARE Algstal A3 tda271¢}
WAL ATg Sofl 2k AHejFAr]o e A0 HEko| dfany]
2] ok A A&A o7 UEPITth o] Nehm er al(2010)9] LA
Zistol| thgh QIR|A HEES QIA|EZo|A AASH | ofgfgs HolE
o} 71 9] g7raAT|oA 2A] HEks sl Y gl sh
Z Al B2 Ak HEARS] AlFHte sk HFo] Ak gl

Hobd de Bestel 22 Aslgict

REXSEY
RolAli B AAR oS F1AT 15 WslE ooy
31 AZ}8He ALLAlo|tGregory, 2009). U1 TR o],
=

A AEL ARA A AdollA] FEAIA Ut Ak
AE A2 AP TNES shathe w@dolA 2719 Al Wi
I} ZJeke] g7 Lieof sl W9 A Zo] A Lehd 5t
o] thilgolglet. WROjR|e} HAEA Al AR Afste] A=
A7t AESH] aE FEA1717] Slsl BRAFA o= Paiithe
AL olojR|n ME2E A 4 k= ¢t AIH(Richard,
Coley, & Tanner., 2017; Spiegel, Evans, Frazier, Hazel, Tare, Gram,
& Diamond, 2012)53} AAJgtct 3 QIX|F HEFQl Y Holx|9f
A Bl Aol treht SHLE ol ARA7} XS 7}
A3 ol el ASFHEE FAL uhck A sk et
off thet Args 7HHsH & 4= 7] whzoll el Zle= Helrk

o
2L D

=

Az gERle] G| Aol mgo] w7 ule] ol W
ofef BEAE Y AL AT ek W Afw Yoz
(Kelemen, 2012), “517] SJiA, el A9} 2o BHL o] g3l
Aoz VeIt Nehm ef al, 2010). 22 Z2] HER

o] 218k st 7 el /g A% AP on o)
HHEA AT S AAP, Aistet kel % A
ok ES BAZ WS AR Bao] Jaf P 2 Hgickn

<
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i
O

~ &

Wz 5] whel Aslol chat FREA AnE S B S
QIt}(Sinatra, Brem, & Evans, 2008). Table 162] E& &2 ot 5
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< AREA ARLE TR AREE o 4 o

w AR R
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. A8 84 g e
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AESHANE S §o1o] Slult TS A3 olshsha Eate
73] SITkNehm e al,, 2010). 18H2] WEtES AT v YL
AR, A, W@} L o2 AGIRT, o SolSe T
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2,
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o
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B SHHolA AR g oulE 71A]7] o] of=gt
50| TP oR Aot /HdS FAdske dl Welivh 2 4= Qlok
of|Af ARgBH= Bofet =T §ol7t E8E o] Ueih= 24
2|43} Geor, Cha, & Yang(2016)2] 9175 Btz s 2247] ¢
oA Eedt Fehge] st gt @i E-E wAlskITh the |
olofl thgt 48719] S47] Apme} Wol9] {4, A4 AER} 254
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Table 17-> A3Z-2247] TAlol|A] X3} s 7idd e7igS =8
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Table 17. The number of students showing misconception in evolutionary concepts

o7 £

s e 4 10
¥lo] (48) 5
Holo] § (64) 3 3 !
A5 AET A5H A4 (649) 1 12
Afo st (64) 3 2
v 12 17 1
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2o
10
ZISkEA Aol 282 F017l o]l

< e AAlE @A ol o FElgt
714E oJu|akA] 9l Nehm & Reilly, 2007), Q¥4 Aojz=
U ke gPgollA AMlke 2AsAY 2-8ste] ozl 2
o] A8l Tte= A& S$cH(National Institute of the Korean
Language Standard Korean Dictionary).

27 A wolo] A, A5H AT A5 Aol chet
Aol FEeRla, Wele 2o o & A5k flsf 2t

ojo] 2.2 4= Ahel
A FoiAl gl Mt WAL tehlis $847E e Al
oobk-h Eﬁo]

[e}

Arfofof h BAaE oJnjo] gojold] Bia] SYEE Al
2] vish 12)3 oA BB 4 QUrhs AR 43S A
she 497t el

49

Wshe AWeld Wat SRSt WA} ofd shiSol
53] ARESH= Zolt(Nehm & Reilly, 2007; Nehm & Schonfeld,
2008). olg AyolA Bal 7sHa wiske] U0 Moli,
ol AEAlTt LS Slsll Halsfof dthe 7= A-8-IthNehm
& Reilly, 2007). ofuf] QIA]2 HEF] WFox|e} e /ge| BoE
T2 et 7o) Fasit & Aol AF] weke At
of FAI AEAe] WA oAz AR Aol Lge Bas
Zske] A7} ofd oA Zsta] Hels de wf ARESh= &
ol Atk IS Sof “AE frEl’t FHol ohy7] wize]
TSR] S=th = s8] Adrge xlste] A7} obd e Fto] Al
oA Zlsk] Hsks Argsial QloBg ojul= 2oy Bart TiYE]
Tk & = Qlck fje 22 vIEo & XA HEF yiFez|el o)
¥ gas FEsi 2y oUlg 2as sefd S27] geke ©
ok Aolqltt. & SIS =S| sk WstkE AW uf, wE
Aol obd AEA] AlRdolA AEAS] e X15H] HskE A
= Y A

Yoon(2015)e]] ©J5hd S-efife} % - LESYEL

Table 18. Cognitive biases and misconceptions regarding evolutionary concepts

</ 327wt EECEE

22 FUARE A4 sigol ch=yl o] gelelr] Welrl dol 24 8hs Aol o]
Fol gon g4l wo| SR Yilo| K% gAT Al ol wel §7 ol sto] Bol Bfl] o
wlEo] 2 AZE o) 2X) otk el
FH019] A92] 571 WS A2 84 Tiepo] e, 8 wolol ulet AL Wstele] ”
Fo) uj$- cjrsch i
WANE 2AS Ba) o SUAR SRR o A} P ol FAREE AR dao ol

oy B0l Wl AAe] RelE WA MAEe Aol i
ol e 219 d 5ol ofe Alel Atk FHE e 4 gk ol
ot 3olA A7 ASTAR A4 siol S WAolE A Ao, #ole] §41
28 SAol WSl 08 Aee o] 1l Hgow gojd Ao, #ole] §7
SNdo] 7]efe] 2450] mhiz el Qlclof Gk oTkmhz: FeIE FAEE A RS Ly wen 5 44
Aolch. aFna ZolA o] AgteiA] A2e] xekrt =gk, oA AEI A A A4
RSk g ol wo] SIuby MSHE B4 WOIE & U R0l REHOE el ot 2alsel g
SANE S0t Lol ol Sk Aonz BRA0lAl gtk ST SAHLR defalol 4 wole] £
SOl Mot 4 ol gHA} S 5 Aok delel 4
SAAL] AL B SO0 B A U] B AL wEold 4 Aok el Bae ol
A9} B5 BP0} A45e] Bo] B} tiafelx| ok, 24 Wslo] F Agelx FAIN BEE  Wolo] §
% Sk
o= U= A PR BAel Agste] S} Aord A 2n #olo] §41
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