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Previous studies have investigated the similarity between the development of evolutionary explanations
and students’ conceptual developments on evolution. However, the validity and reliability of the assessment
method reflecting the similarity have not been quantitatively examined yet. In addition, no study has
examined the conceptual progressions of evolution concept based on contexts although literature has
addressed the contextual difference of evolutionary explanation in the history of science. This study
examined the validity and reliability of history-of-science-based evolution concept assessment using
ordered multiple choice (OMC) methods and Rasch analysis and explored conceptual progression by
three contexts (e.g., human, animal, and plant). The evolution concept assessment developed by Ha (2007)
was used to examine 1711 elementary, middle, and high school students, and pre- and in-service science
teachers’ (biology majors and non-majors) evolution concepts. Internal consistency reliability and item
response fitness of the OMC method that provide 0- to 4-point scores to creationism, teleology,
intentionality, use/disuse, and natural selection respectively met the benchmark based on the Cronbach
alpha and MNSQ indices of Rasch analysis. The level of elementary and middle school students’ evolution
concepts were located between intentionality and use/disuse while the level of high school and non-biology
science teachers’ evolution concepts were located between use/disuse and natural selection. The conceptual
progressions of evolution concepts were differentiated according to three contexts. This study provided
the quantitative evidence for the similarity between the development of evolutionary explanations and
students’ conceptual developments on evolution and suggest new analysis methods (i.e., OMC) of
evolution concept assessment.
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Table 1. Example of evolution concept assessment
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W] Higol A AdiF o Ao AEukiws F718H3
ok BRI oulmab) 323} @Rjo] 3O 357(2.0%,

Level Ideas

Answers on “The giraffe has a longer neck than other animals. Why does the giraffe had long neck?”

Level 1 Creationism

In the beginning, God created the giraffe’s long neck.

Level 2 Teleology The giraffe had long neck in order to pick and eat the leaves of tall trees.

Level 3 Intentionality The giraffe’s desire to pick and eat the leaves of the tall trees made their neck long.

Level 4 Use/Disuse Giraffes have used their necks continuously to reach the leaves of the tall trees and eat them, so the neck became longer.
Level 5 Natural selection A long-necked giraffe was born because of a sudden mutation and they multiplied.
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o} 3x} BA419] 7Lof= Final Deviance”} 77644, AIC7} 778009]
Qlom, 12} Aol A= Final Deviance”} 77612, AIC7} 77758 2
2 77} 1] 8] 99.959%, 99.946%2 71| A5t o] Ghe 7]
21219 mEur Be ARe A 4 ok 349 mag el
o) ebehE ERISIGIE ojet T2 Aik= Q1L B AlEel wet
0] 23} 7fido] thEth= Ha et al. (2006)9] A5 ECi=
o] 7153 Holgh ot wielo] el shyge) sk ol
Th=rh= Nehm, Ha(2011)9] ¢1tette JulEsict. sH59] ol
Ao A AR F5)o] AlZ| = (item reliability)«= 0.974, SHE2]
Lelz2 LB AL 2|9 EAPPV Reliabilitys Q17H23}0] 0.827,
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O] AFreg HYltKFauth ef al., 2014). S-S S8l A A
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Table 2. Cronbach’s Alpha if items deleted and overall Cronbach’s Alpha

Item

Cronbach’s Alpha if Item Deleted Cronbach’s Alpha

S-shaped backbone 0.620
Brain size 0.603
Cholesterol resistance 0.666
Human items - - 0.664
Walking upright 0.645
Hand shape 0.599
Vocal cords 0.593
Bear fat 0.670
Chameleon color 0.682
Cheetah speed 0.680
Animal items 0.727
Giraffe neck 0.706
Hawk eyesight 0.677
Leafhopper pesticide resistance 0.720
Bracken vascular bundle 0.747
Cactus leafless 0.727
Leaf size 0.725
Plant items 0.761
Lily stoma 0.715
Seeds covered in hooks 0.723
Rose scent 0.717
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Table 3. Unweighted and weighted MNSQ of items

Human items Animal items Plant items
Unweighted Weighted Unweighted Weighted Unweighted Weighted
Item number ESTIMATE MNSQ MNSQ ESTIMATE MNSQ MNSQ ESTIMATE MNSQ MNSQ
1 0.083 0.97 0.95 -0.034 0.93 0.94 0.079 1.16 1.13
2 0.000 1.00 0.99 0.111 0.95 0.96 -0.030 1.08 1.09
3 -0.303 1.26 1.19 -0.081 1.05 1.10 -0.058 1.04 1.07
4 0.033 1.17 1.11 0.104 111 1.05 0.122 1.02 1.01
5 0.009 0.91 0.93 0.019 0.98 0.99 -0.011 1.03 1.05
6 0.178 0.93 0.93 -0.119 1.25 1.20 -0.101 1.04 1.05
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0] gike kel skl YElEoH, vlHg Al o5
of AFuAtfA] upx|uf AR Zoksl= Ag ERIE 4= Q)i
Ao 2 -3 ttestE Foto] QL B, AES] AStolA

oh59] o] off Aol Hol=A] Slsiit). =2 Zste]
dole Ashdd wf SAVE o= Ee §=8d oo EolA
Ssh=t vlsl, Ale QY] Zshe ko W 5AE 0]
Ak 7P w2 TS FES Hole ATaAre] ol Ikt
Aste] A= = Ao Al vjste] AJEs] W =]
Herg-S Ho|1 Qi ae|al I 4222 Cohen’s d7} 0.71, 0.68%
Z 53E7)E Hola Qltk

oliye] Aubeie tmolsld thew} Pk w9)AlrhiHA](ordered
multiple choice) & 28:3f0] XI5} ldol tigk TFstAl wet T
22 AL BARA AL O A, 8844 AL, A
A Appe] we F2eE = S SAM R Bkl W
HAPAAIRE, TS A Sl T TR 7S 14851
& ) TRIAPE WAl uet 9848 S WS Bt
A3t 2 ok SHE5O] SR 1879] Eael 4 Uakiol YUgLe.
, 231o] vke- oA st IHEE Ha er al(2010), Ha et
al2012)2] 5ol Th1e] Aol el Hero 1sto] 7t
+ T AxoA AddE o R ojofx]= Alare] TAIE FEA
5} sk g RS Wanery 12 5 4 Aol
50, SIS ARl o] vl @A AL WEIPol A of=
TERUA] gl 4= Qlrk. E3 Ha er al.(2006)2] AtolA= e
oA A 7EA] Thefet Ade WiER Hasll=t, WAl
o LR HEQ) SIHSE Botel HASHA o TRt BAMHol
28d o Stk 548 9= e8RS euxEnh 2839t
Conceptual Inventory of Natural Selection(Anderson et al, 2002),
Measure of Understanding of Macroevolution(Nadelson, Southerland,
2009)0f 4. S0l AdEshe SHAIAM Uehts 27ido] ofd
QA ERlshal RS Algshs ol Ak & itk
Kampourakis, Zogza (2007)0] A &g} vje}l o], 85842 B E
ot oo Hlsto] Ales] TEHAQ] Aztolglom] Aukd 1|4

Table 4. Paired sample t-test between assessment items

= ghehgck

A Oz BB, AR B Wge] 3319 iR
wafe) wigol wh Apyurere xpaKolgict FEEae] B9
= -0

FolA TiaEEe] Alshs Ae 1T 4= Qltk ehtEae] &
£-8-9-2 ‘Philosophie Zoologique’ 2] 5=35+ 7] Hof|A] A|ekslS
o} gefE ot ofue} g 2skeEo] iyt B ==
=9 1ol o] gk FAlo F=2 - =
e =g B84 wWol AT 4= Qe FE] 7] HiE

(Kampourakis, Zogza (2007). ofefAFA thglo] o7 2o ¥
£ Zefeithal oF Ale =3 A2 (Zoonomia)olt}. AzoflA AA
AB7IA] 5712] drgollA] oot 858482 552 Fdut Kt of
<o, Hi® AE] A 1 F 7HA Al A8E7] ol 4
Ak SEA|RE Solgh & AhA 2Hdollxe] 858491 S fst
(epigenetics) 9] -5 AlEdtolA HE o s A= ot
(Grant-Downton & Dickinson, 2005). AA| AESIo| A= Al E0] A
g5349 f4o] § HWol W= SHES FENAE TS
7 8584 VS Fslto] 85844 2 AEelA €A 28
o gl Aolrh 7Fe A EAHole AAMHA Hdos
7o) Wo] thE gl Blste] HA o]FfAA] e A JA
sl A QITFFAA ARLZF Q5S WHISHAL QUtk(Seoh et al,
2016). wieto] we} Ade] zzo] ks AL 7jEe] ATolHE
ofe] 2} EolE B} QJtiHa ef al., 2006; Nehm & Ha, 2011; Opfer
et al., 2012). A3PALe} G o] Ao] Anb= It A9 F7t=
wietol e} Ay 4ee) wido] charks o] oA Fikaich wiet
of w} s e] Aol dhet Ale] 40] AE Aok AL B
Zhek APl Wit ThoRet §HolE A BT o2 ol shS
Solvlole} AaAiele] Z1BHS Z17e] Bt okt A= ¢

2

Subjects Comparison Mean difference t df sig. d
Human - Animal -0.178 -17.63 372 0.000 0.42
Elementary school student Human - Plant 0.003 0.22 372 0.829 0.01
Animal - Plant 0.181 21.46 372 0.000 0.34
Human - Animal -0.198 -19.88 536 0.000 0.37
Middle school student Human - Plant -0.038 -2.47 536 0.014 0.06
Animal - Plant 0.160 19.56 536 0.000 0.23
Human - Animal -0.251 -25.76 732 0.000 0.36
High school student Human - Plant -0.110 -7.49 732 0.000 0.14
Animal - Plant 0.141 20.14 732 0.000 0.16
Human - Animal -0.258 -3.70 34 0.001 0.24
Non-biology science teachers Human - Plant -0.094 -0.92 34 0.366 0.08
Animal - Plant 0.163 4.02 34 0.000 0.12
Human - Animal -0.888 -9.21 22 0.000 0.71
Biology teacher Human - Plant -0.918 -6.89 22 0.000 0.68
Animal - Plant -0.030 -0.74 22 0.469 0.02
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