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3 1. Concepts addressed by the MATE

Concepts Items

1. Organisms existing today are the result of evolutionary processes that
have occurred over millions of years.

9. Organisms exist today in essentially the same form in which they always
have.

Process of evolution
18. The theory of evolution brings meaning to the diverse characteristics
and behaviors observed in living forms.

19. With few exceptions, organisms on earth came into existence at about

the same time.

2. The theory of evolution is incapable of being scientifically tested.

10. Evolution is not a scientifically valid theory.

12. Current evolutionary theory is the result of sound scientific research
and methodology.

Scientific validity of evolutionary
13. Evolutionary theory generates testable predictions with respect to the
theory
characteristics of life.

14. The theory of evolution cannot be correct since it disagrees with the

Biblical account of creation.

20. Evolution is a scientifically valid theory.

3. Modem humans are the product of evolutionary processes which have
occurred over millions of years.

Evolution of humans
15. Humans exist today in essentially the same form in which they always

have.

8. There is a significant body of data which supports evolutionary theory.
4. The theory of evolution is based on speculation and not valid scientific
observation and testing.

Evidence of evolution

6. The available data are ambiguous as to whether evolution actually occurs.

16. Evolutionary theory is supported by factual, historical, and laboratory

data.
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3 2. Cut-off Score for Determining the Acceptance of Evolution on the MATE

Scores Acceptance

89 - 100 Very High Acceptance
77 — 88 High Acceptance
65 - 76 Moderate Acceptance
53 - 64 Low Acceptance
20 = 52 Very Low Acceptance

s AE WAE AT =7AR, gidtldAE Aed F
st dide] BIbelA 0.949] A EE HolFo]l, s} o|E F Skl
B7heT e FAEA. AL A7 oo EgE ggFd JuelA A &3 A7 ATt FHAEof
Rom, oA ofe] M AFte] &8 vk JTH(EHRISG et al. 2010, 2012).

Inventory of Student Evolution Acceptance (I-SEA)

oA o] F85 Frlstes =72 7HE 9 AFEH o
gtov di o] Hsthe] 1611 TS FHEA TR A ¥k dHE ATHAL U, Smith
2010). =gk, 3o A F& A== oist, 4233, AP s Tl wep Yold & o
dutx o7 YR HTE 2R3 thsfA (Alters and Alters 2001; Scott 2008), L#]ar <lIzt
FstE k= vQIZE F71A19 Wste] tiaid o 4821 o]tk (Vosniadou 2008).
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Evolutionary Attitudes and Literacy Survey (EALS)

Aol e B 7E B9k GO WeE 2ustn 94 2@ 42 ndsel, o ge

A4S 2ok, o 7je skl HeE A% Eth(Havley et al. 2011). & 16709 3914 =&

3 3. Evolutionary Attitudes and Literacy Survey (EALS)

Number
Subscale Main content and relevant rationale

of Items
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65

Political activity

How active are you politically?
— Since evolution does not ascribe meaning to human life
nor offers prescriptions for living a good life, its acceptance
might be expected to positively associate with liberalism and

negatively associate with conservatism (Miller et al. 2006).

Religious Identity and

activity

How does religion affect your daily life?

Is God important to you?
— It is necessary to ask questions regarding the frequency of
spiritual behavior in conservative Christian denominations
because they have a low acceptance of evolution (Lombrozo et

al. 2008).

Conservative self-identity

How would you describe your political self-identification in general?
— Acceptance may be positively associated with liberalism
and negatively associated with conservatism (Miller et al.

2006).

Attitudes toward life

Legal protection should be provided to all stages of human life, including
the embryo, the fetus, the child, and the adult.
— Ideological beliefs about when life began are relevant to

religious and political ideology (Miller et al. 2006).

Intelligent design fallacies

The development of complex biological systems cannot be achieved

through slight successive modifications.

11

Young earth creationist

beliefs

There is insufficient time for evolution to have taken place on the Earth.
— An assessment of the extent to which young earth creation
theories have been accepted at universities such as 'the earth
was made by God over a period of six days less than 10,000

years.'

Moral objections

A person who accepts evolution does not believe in God.
— A moral objection may contribute greater explanatory
power than religiosity, and 55% of Americans believe science

and religion are at odds (Kohut 2009).

Social objections

There has been a contribution to racism from the theory of evolution.

Distrust of the scientific

enterprise

The data used to support evolution is unreliable.
— An obstacle to acceptance of evolutionary theory could be
one's general attitude toward science and its methods,
particularly if it is associated with evolution (Lombrozo et al.

2008).
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Evolutionary theory provides us with a better understanding of plants.
Relevance of Evolutionary
— Evolution is readily applied to plants, biology, and animals, 9
Theory
but not to humans (Richards 2008).
As of today, it is not possible to transfer genes between species of
Genetic literacy 9
animals.
The genetic variability of a population increases its resistance to
Evolutionary knowledge 7
extinction.
Evolutionary It is a random process that leads to natural selection.
6
misconception
Knowledge about the Feelings and beliefs are capable of supporting scientific ideas.
7
scientific enterprise
I read science magazines about evolution (e.g., Discover, National
Geographic, Nature).
— It has been shown that individuals who seek information
about evolutionary theory may actually have a greater
understanding of it and therefore have more positive attitudes
towards it (Lombrozo et al. 2008).
— For instance, natural history museums provide
Self-exposure to evolution information about evolution to the public. It has been observed 5
that visitors to the Natural Museum have a better
understanding of evolution and have a more positive attitude
toward it (Diamond and Evans 2007).
— There is a need to assess the respondents' exposure to
evolution in their youth (possibly due to high school education
and/or parental influence) as well as their self-selected
exposure in adulthood (Spiegel et al. 2006).
Youth exposure to What kind of training did you receive in high school regarding
4
evolution evolution?

FALS= o2 &9 ¢
a8y & 10472k UR B2 232
Ak, ofol] e}l 6271 &
and Hawley 2012).
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A, e AR fE4 AFO RIS AAAG. B Hof MBS BF AW 270
127} 4% A9 fadel e BA B4 mast 84 ggov, A% A48 gt 33
Asel gop® FEAS ARAA B oldrh. wH, NAESH [-SEAE AW @A AR

o] B3 trE AR} BEFESthE ©hd o] th(Rutledge and Warden 1999).

=4, gt #g F8& FEH ol FeEs "WEsHA FEAT. odE 5o AR £3I} F
AT ol 2%k do] ShETY gt 3 sl #gt 85 EE A oJFHE B
Z3lolx] B-RmEth(Romine et al. 2018; Rutledge and Warden 1999). ¥ &at:= w7 o] f=
‘A4 (Young Earth Creationism, YEC)" & W& % UAXARF, w@<ed] A9 volo] gk
Aol B-H3 AU S ok, W, BALSS #& T Aol TS ofF T o]HE Af dAe
HAEA ZAolty & Hlxe ofE F& FEg BT AA o3 FEs Br ZUA
& 23l cH(Rut ledge and Warden 1999).

AAZ EALSE T 16719 s8] HEE 23 ou, AR g o] #He & HAEE
AR o7 B 3ol flth(Hawley et al. 2011). GAENE: ‘3] #3 4 Gl Z
o]Eo] M2 T 7l #3 HEs= g H8HA <l AHoleta
et} 2 Ao shellA VE B wE T YFE AEete] 4 AAEF EH(Romine et al. 2018).
w3, THA S HAE] A 48 HE((1= w5 s &S, 4= w5 o FH)E A&l
T1¥] 31 GAENE:= MATE®}F 2] datdS Ak @i, MAA 43 9 Wt ne} A48 Jrtetes
SFATH. GAENE:= WA 1614 1670 &0 =2, Wl 2004 137] &3
U. Smith et al. 2016).
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facs

8} o] 2ol B3k & FE2 AESoly FAd Foll w3k olal EH 22 wo] At (Carter
et al. 2015; Mead et al. 2017; L. S. Nadelson and Southerland 2010; Walter et al. 2013; Yousuf
et al. 2011). el A 78 oo BH +& FFo] Hrwm N AEAom st B
oalwst EolAE AL ofUry. ER, A3 oBe] B wEA Adow s B WA

FEEE MET SR fvh 53 0oy B sk Bd £9e BE f¥ FAS BTE g
QA AFHE A7 gomz, sk ol B w ol £EW W2 /b, 4% Bas} Yok,

H AFe|AE= 1. Conceptual Inventory of Natural Selection (CINS), 2. the Measure of
Understanding of Macroevolution(MUM), 3. ACORNS(Assessing COntextual Reasoning about Natural
Selection), 4. Genetics Concept Assessment (GCA), 5. XA AAIA] 5 &= vAl 71K H7F =%
AAste] v, A8kl



68 ot= T2t z| K| VOL. 1

Tt} (Anderson et al. 2002). & 107}4

=
WESH G BN AQNES olslF & Artn Hgse], AT Aol B old FEe B
©
=

o

)
ot
o
rf
=2
rJ
rob
o
Ol
5y
N
[o
o,
N
— =
ol
o
rlr
N
N
0%
2
=)
)
o
k1

3 4. 10 Biologic Concepts of Evolution on CINS

Topic Scientific concepts CINS questions

n all species, there is such a high potential for reproduction
Biotic potential that their population size would increase exponentially if all 1C, 11B

ndividuals born reproduced successfully again

Except for seasonal fluctuations, most populations remain stable

Population stability 3B, 12A
n size

Natural resources The availability of natural resources is limited 2A, 14D
Limited survival Competition results in the death of some individuals. 5D, 15D

Variation within a ndividuals within a population have a wide range of
9D, 16C

population characteristics

Variation inheritable A great deal of variation is inherited 7C, 17D

ndividuals who possess the characteristics that best suit their
Differential survival environment are likely to have a greater number of offspring 10C, 18B

than those who are less fit

n a population with unequal reproductive abilities, the
Change in a population  proportion of individuals with favorable characteristics will 4B, 13B

ncrease as generations pass

Over time, a population isolated from other populations may
Origin of species 8A, 20B
evolve into a new species

Variations are produced by random mutations and sexual
Origin of variation 6B, 19C
reproduction

CINSE= 10744 ABSA A8 Adel wal 474 F Fgom P48 F 0Fe] Bt =rn
Babe debstas Alme] WA, Wuledete #3, el ey B oy AeHow @
Sich. Qu Az

Hetael Adde g et o
Mavrikaki 2014; GroB schedl et al. 2014; L. S. Nadelson and Sinatra 2009, 2010; Nehm and
Schonfeld 2008).

The Measure of Understanding of Macroevolution (MUM)

CINS= Zsle] 7k sl &l 7l

o

< UL A, &XEk el A1-A vk wRl o] it
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Woof= JHAle] wefel]l ogk HxAQl AddE S

[e)
M. Catley 2006). uw}e}A i{li}% “Edd oy
5 oA A doju= BFo sl = Aod

MM wbR olzfg xAH Aole] rwkste] tizlste] g o] 3
AsdAs, FE3p, b, Ay 24, 1 Aol
AU & AAshe WA o w Hrkgit, Alve e A
=3 Hote A5 AMHE AT, F 2709 ARAATRE £33 2 A4 E4S S e E 2%
hE 35 0] ik, A B AF == 0.86, AHES oF 5003 tH(79578 9] A o AH)(L.
Nadelson and Southerland 2009). ©H317FA] 341 7del #3 A& 150 Aelgirt.

O

4

# 5.5 Core Concepts of MUM

Subscales Explanation

Macroevolutionary cladograms or phylogenetic trees represent the relationships between
species and their common ancestors, as well as the evolution of species divisions over time (L.
Phylogenetics S. Nadelson and Southerland 2010). To understand how living and extinct organisms are
related, it is crucial to be able to interpret phylogenetic trees or cladograms that depict these

classifications (K. M. Catley 2006).

Over the course of deep time, speciation can lead to macroevolution (Wilkins 2006), which can
Speciation
result in the diversity of biology(K. Catley et al. 2005: Evolution 1998).

The fossil record is one of the most important sources of evidence used to support our

understanding of macroevolution. It helps in the interpretation of speciation(Evolution 1998),
Fossils
as well as in understanding the evolutionary mechanism and the phylogenetic tree (Nehm et al.

2009).

A scientific approach is to accept various interpretations and provisional explanations of the
Nature of scientific evidence. Since evolutionary science offers multiple competing explanations based
Science on a variety of evidence, an understanding of the scientific nature is essential to explain

macroevolution(Evolution 1998: L. S. Nadelson and Southerland 2010).

Evolution has occurred over a geological time period of at least 500 million years. To
understand deep time, it is usually divided into the primitive past and the recent past (Trend
Deep time 1998), yet we do not understand how evolutionary events unfolded over such a long period.

Consequently, macroevolution is poorly understood due to this lack of understanding about

deep time (K. Catley et al. 2005; Dodick 2007).

ACORNS (Assessing COntextual Reasoning about Natural Selection)
3} o] Fof| #3t o]F] T2 AAHE Aot wete) wet I A4 gk = 3
Jolst A== #t A olsl= oW diide] oWl Ao 3k AR wet thE A
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e AR WA AP doldt ols] £F L oAld FES B Ak, add AE
Ha

BrIETE oled Wty 29ls FEshx] Esh o] 9lvh(Nehm and Ha 2011).

ACORNSE 71 FAAF =t 7)nbate] Wieghs] WS EWstA AAlska, ol g $9& vid
T o2 Qlskt}(Nehm, Beggrow, et al. 2012). A Holet= 2784 /g #3t o]d) &
AE 2 oglon B3 oUdE £ UE F dv FHel Ak, FaEstn A A sl
g ds wgsta Jrre W FEaky] dEsit. 2y dgd EdS AdE] A sHd
B7EA7E s, AE gol A= wie] glrh. old disiA = HAFE vk A TREIZE
A okso] ¢l 0w (Nehm, Ha, et al. 2012; Nehm and Haertig 2012), v <14% A& H u} doh(spls

et al. 2019).

Genetics Concept Assessment (GCA)

Aol #et ofF 7kA A Jdel #3 old] S Hrlste Hmoh. 2008 37
FAS ddoR xFEs AP, B AR dig RS dide

Aol AAA e HHoz g Flojth(M. K. Smith et al. 2008). st 7/MdS&
AARE, FHH 2 71 @ FAlA A-HA drk= el vk, ;A d F

S8} oL 5]
A Ro thaf| A E6] AAISFATHM. K. Smith et al. 2008).

I 6. Some Examples of GCA's Core Assessment Objectives(M. K. Smith et al. 2008)

- Analyze phenotypic data and deduce patterns of inheritance from family histories

- Describe the molecular anatomy of genes and genomes

- Extract information about genes, alleles, and gene functions by analyzing the progeny from genetic crosses

- Describe the processes that can affect the frequency of phenotypes in a population over time

- Compare different types of mutations and describe how each can affect genes and the corresponding mRNAs

and proteins

T SHYE H ALK

RSP AARA = X epe] W v, FH A9 2 =,
Azrel sk, Awo 7] & F AN Fo A A
gEax zAXE S0 o i3t ureS Hrle= Axvh, yekd QRS b)yeld 2 2ol
&

244 T oMdy FESIH = HFHoR e = U(EHYS 2016).
3. 712X EM(ED| ZuwAM)of st It =

Hl 2

o

23} o] ol #gk & FFEol FIFE WA= Q1o w st #FF A o=, Fao] T
Ao A dti(Barone et al. 2014; Carter and Wiles 2014; Heddy and Nadelson 2013; Mazur
2004; Moore et al. 2011; Nehm and Schonfeld 2008; Rissler et al. 2014; Vosniadou 2008; Yousuf
et al. 2011). W7l Mol e AF-=, 7|4 FuAL 7]5alo] B3 Aoz 5 Fsint.
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3 7. Five Items on the Evolution Theory Acceptance and Religiosity Scale(Lombrozo et al. 2008)

Theme Item
theism I believe in God
dualism [ believe in some kind of afterlife

Inner confidence

[ personally feel a conflict between science and religion

The dichotomy between religion and science

I do not think religion can or should make claims about

the natural world

Religious Identity

I do not consider myself a religious person

et o] A
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Title: A Comparative Analysis on the Measurement Tools for Evolution Education

Abstract: Evolution is one of the most important scientific theories. In contrast to other scientific
theories, evolutionary theory does not enjoy a high level of public acceptance. It has been
suggested that low public acceptance of evolutionary theory is due to a lack of public understanding.
It is important to note, however, that personal interests, worldviews, and religious affiliations also
play a significant role. We present here a useful tool for evaluating university evolution education
that is divided into four categories: acceptance, understanding, interest, and religiosity, and we
compare the strengths and weaknesses of each scale. This will allow for an objective evaluation
of the performance of evolution education toward various targets, as well as a comparison of its
effectiveness across different subjects and pedagogical systems. By doing so, an evidence-based

evolutionary education curriculum can be developed.
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