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Natural selection is the core idea of evolution that pre-service biology teachers need to understand to
solve diverse biological problem. This study aims to investigate the level of Korean pre-service biology
teachers’ understanding of natural selection by comparing their knowledge with their Chinese, American,
and German biology major undergraduate counterparts. In particular, this study focuses on two conceptual
components of natural selection (i.e., ecology and genetics). This study used a total 1226 pre-service
biology teachers and biology majors’ data. The instrument measuring the understanding of natural selection
concepts was Conceptual Inventory of Natural Selection, which consists of ten ecology concept items
and ten genetics concept items. The Rasch model analysis, multivariate analysis of variance, and univariate
analysis of variance were used for the statistical tests. The result reveals that the level of Korean pre-service
understanding of natural selection were similar with Chinese undergraduates’
understanding and significantly lower than American and German undergraduates.” In the first year student
data, the level of genetics concept of Korean pre-service biology teachers were significantly lower than

Chinese and German students. In the fourth year student data, the level of ecology concept of Korean
pre-service biology teachers were significantly lower than American and German students. Based on
these results, the ecology concept education and balanced natural selection concept education are discussed.
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Table 1. The number of participants in each country

Year 1 Year 2 Year 3 Year 4 Total

n % n % n % n % n

Korea 100 266 70 186 74 197 132 351 376
China 118 273 106 245 109 252 99 229 432
USA 93 423 80 364 - - 47 214 220
German 45 227 57 288 47 237 49 247 198
Total 356 29.0 313 255 230 188 327 26.7 1226
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Table 2. Estimate, Unweighted and weighted MNSQ of items from Rasch analysis

Ecology Concept Item

Genetics Concept Item

ltem #  CINS item # ESTIMATE U‘“’VMﬁgged Wl\;;gls‘tgd ltem #  CINS item # ESTIMATE UI;V/IVN"igged Vﬁﬁggd
El Pl 0.78 1.08 1.07 Gl P4 0.78 1.00 0.98
E2 P2 -0.39 0.93 0.96 G2 P6 0.08 0.92 0.95
E3 P3 -1.53 0.94 0.96 G3 P7 041 0.97 0.98
E4 P5 -0.50 091 0.95 G4 P8 0.45 1.04 1.02
E5 P10 0.43 1.00 1.01 G5 P9 0.75 1.40 127
E6 P11 0.68 1.05 1.05 G6 P13 0.14 0.98 0.98
E7 P12 0.13 1.07 1.05 G7 P16 -1.87 1.06 1.02
ES P14 -0.40 1.00 0.99 G8 P17 0.12 1.07 1.05
E9 P15 0.17 0.92 0.93 G9 P19 -0.01 0.80 0.85
EL0 P18 0.63 1.05 1.05 G10 P20 -0.04 0.93 0.94
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Figure 1. Wright map of 2-dimensional dichotomous Rasch analysis
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Figure 2. The change of Rasch measures across academic year
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Rasch expected value
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G_1 G_2 G_3 G_4 G_5 G_6 G_7 G_8 G_9 G_10
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sig. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PES 0174 0.176 0167 0.184 0.183 0176 0.102 0173 0171 0.170

Figure 3. The averages of expected response values of 20
CINS items in first year students’ data
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Table 3% THHEMIE0] 95 e S0] A48 Bl &

Adsto] AAJgE Aolot. Aei7ig o] 749 = 5 5 o4 A% CINS items in fourth year students’ data

PES 0.146 0115 0.089 0.114 0138 0143 0.131 0.116 0.132 0142

Genetics

G.1 G_2 G_3 G_4 G_5 G_6 G_7 G_8 G_9 G_10
F 2517 2626 2.390 2494 2499 2.530 2.356 2546 2661 2818

sig. 0.058 0.050 0.069 0.060 0.060 0.057 0.072 0056 0048 0.039
PES 0.023 0.024 0.022 0.023 0.023 0.023 0.021 0023 0024 0.026

Figure 4. The averages of expected response values of 20

Table 3. CINS items showing lowest Korean students’ scores compared to students in other countries (Anderson et al., 2002)

Item # Questions

Answers

E 1. What would happen if a breeding pair
of finches was placed on an island under
ideal conditions with no predators and
unlimited food so that all individuals
survived? Given enough time:

the finch population would stay small because birds only have enough babies to replace
themselves.

. the finch population would double and then stay relatively stable.
. the finch population would increase dramatically. (correct)
. the finch population would grow slowly and then level off.

Ecology concept

items
E 6. Assuming ideal conditions with abundant

food and space and no predators, what
would happen if a pair of guppies was
placed in a large pond?

. The guppy population would grow slowly, as guppies would have only the number

of babies that are needed to replenish the population.

. The guppy population would grow slowly at first then would grow rapidly, and

thousands of guppies would fill the pond. (correct)

. The guppy population would never become very large, because only organisms such

as insects and bacteria reproduce in that manner.

. The guppy population would continue to grow slowly over time.

G _10. What could cause one species to change
into three species over time?

Genetics concept
items

Groups of lizards encountered different island environments so the lizards needed
to become new species with different traits in order to survive.

. Groups of lizards must have been geographically isolated from other groups and random

genetic changes must have accumulated in these lizard populations over time. (correct)

. There may be minor variations, but all lizards are essentially alike and all are members

of a single species.
In order to survive, different groups of lizards needed to adapt to the different islands,
and so all organisms in each group gradually evolved to become a new lizard species.

G 9. According to the theory of natural
selection, where did the variations in
body size in the three species of lizards
most likely come from?

The lizards needed to change in order to survive, so beneficial new traits developed.

. The lizards wanted to become different in size, so beneficial new traits gradually

appeared in the population.

. Random genetic changes and sexual recombination both created new variations. (correct)
. The island environment caused genetic changes in the lizards.
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