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Analysis of the Level of Mathematical Concepts
in Middle School Science Textbooks and Students’' Cognitive Levels:
Focused on Chemistry and Biology of the 2015 Revised Curriculum

Heesun Yang - Hyang-rae Cho - Seong-Joo Kang®

Korea National University of Education

Abstract : This study aimed to analyze students' cognitive levels and the cognitive demands of
mathematical concepts related to science to understand why students struggle to comprehend scientific
concepts and tend to avoid learning them. Initially, the mathematics and science curricula of the 2015
revised curriculum were examined to extract learning elements related to mathematics within middle
school science content. The Curriculum Analysis Taxonomy (CAT) was then employed to analyze the
cognitive levels required by the learning content. In the domain of chemistry, among a total of 20
learning elements related to mathematics, 12 required an understanding at the level of initial formal
manipulation (3A), while 3 necessitated comprehension at the level of later formal manipulation (3B). It
was noted that cognitive logic types such as proportional reasoning, mathematical manipulation, and
measurement skills were prominently employed in elements corresponding to both 3A and 3B. As for
biology, out of 7 learning elements related to mathematics, 3 required an understanding at the level of
initial formal manipulation (3A), and 2 necessitated comprehension at the level of later formal
manipulation (3B). Elements corresponding to both 3A and 3B in biology predominantly involved
correlational logic, indicating a somewhat different cognitive challenge compared to the domain of
chemistry. Considering that the average percentage of middle school students capable of formal thinking,
as analyzed through the GALT short form, was 12.1% for the first year, 16.6% for the second year, and
29.3% for the third year, it can be concluded that the cognitive demands of mathematics-related
chemistry and biology learning content are relatively high compared to students' cognitive levels.

keywords : chemistry and biology concepts in middle school science textbooks, mathematics-integrated
science content, students' cognitive levels
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Figure 1. The research procedure
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Table 1. Middle school mathematics curriculum by grade in the revised 2015 education curriculum.
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Table 2. The distribution of cognitive levels among middle school students measured by GALT
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Table 4. Analysis of solubility in the middle school chemistry curriculum for second graders.
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Table 5. Cognitive levels required by learning elements in middle school chemistry

3B

3A
ZIH9) A I ZA
714 2= 8O ZA

2B

2A

:.l__.l._
ol

Uz
e
HIE

o

2

o

KO 50

Ho
B

<r

0jJ

Z2
2

o
o d

H
[

7| 3|




o ,Uln_H,I —
Q ZRoMT THEE®l 4T’
iy X0 Ny Kk o . 14u| o 4 " K E WA o o T R G A —
- M Jo = T E ﬂﬂ_, J.],m.]_,rk_lﬁlo_mo o <k ,yo]__oLHxxﬂ_om.___oaA
c TEEEp XTI AZeBeTeo04 TR WESED
,Dl(,l 3 _.:_ ,A_l _-__E.lerx_ 3 mr_l 110 R_lo A_l ~ O] o _.:._ ME_E o . 0_1_ :._O wr o H,OI,I A
M mMm_ﬂmm_c%ﬂﬂoﬂle._é_;_Aﬂdﬂo- WU.WMTEWO,_%ONMEHAATU_Ngem__oumﬂm_mﬂuﬂemﬂe._oNMOW
< S KFoodur gl TR TR P ke ol T Uy A R~ g -
- A_.mj%%umuuawmmoi_ Riﬂﬂﬂmﬂnﬁﬂmﬂ%%%.o_ege%wmmk_.ﬁmﬂmou.7 2 1
= ey ot 2y ny T ek M R o oo W X = M Ay oV worll <F|<H| &
o1 PMO L T T I g o N I N ook 9 I H wo| 0| =
KF = K T L o B ﬂm 0 JI__oﬁJ._u,l_ -y Ao _Ex_._x_moﬂ OF & M ,E_l_A 0| 0| ©
g SEFe TLmgu E T LT wE TR T EE o G i g
ujn UL O R =N gt __ooﬂ7ﬂ%“1e%ﬂama o o < A 2
= e.__,_moﬁmﬂaa_.%}W ﬂﬂogla_.lmLmM_aonoz.‘_ Eoﬂﬂ%%uoe._ W R i
C Wﬂmr%%N%EJW_WWM&OE%mﬂ%ﬂﬂ__o L g O TEETPEL T
—_— — = !
mz4@4%@%%%@%04%1Q%ﬂ45%mwp%4%@%%$mqag$%
f o — O o T ] — ._._l;o .
W ReE e W .moan_i__}oeﬂ%mg_emooﬂo_L LR AT e )
o) R 5 o 0 o r Gr © wo U =
<F w_mﬁﬂn___m L_Lm._]m_.e Jﬂﬂlua_.ﬂ.x,_z_.ﬂl_x_.mﬂml__:n_ﬂa;ﬂoogoAl.;;eurﬂe_uutht;oon_o
N m_ﬂﬂoMmAmomﬁﬂmﬁ__ow%ﬁ&Eimumﬂ ﬂ%@ﬁ%3xﬂ b T Ak T = | | &
M__u_u @ 4o ,mlu_ﬁ m._n_ulo.m__._l_ <+ . AT%HA_I - i u_.u:_u_x_ Az 0| _l_lmﬂ ~ JM.__” mmo,.kl,._.m_u oju rmu I .umﬂ._ o W-H ) ,ﬂn ! ,._A_._uml o 1nUu Mﬁmo 7T
T i =T O N gy X% T AR e T S [ T Nk
= ol Jof %0 =2 ofu v L.__n_ — T o= or o K oK o ol ofn o valke: — K =) 9 = T
K T =< — { . - — % oo o r+ = = & | | O
o L_Lmﬂaﬁow-m,n__onnn_.mﬂlmmo8u_.‘_mom._ADTdom:oLHth]qu_AOATm_m = R of % .&%ﬁogeﬁ ARk
—_ 10 = ia] © moe s N H ~N <} _l_lx__x_ < T T iy JJJ S |1d o
AR ho)op T T o mﬁﬂ‘__‘_molﬂwﬂcmm__o_.m“ mﬂaol:_emﬂo_e%ﬂl:._ot}l 3] A_Hw__MELH
5 M0 & = —_— T _ i 1
o 5O MM E KT M o %ﬂ%mﬁ%HTLwao_LpﬂxﬂﬁMleowomameﬂw_W%Wﬁg D (] 50| 2| o
A1 X s T W B e KR 3 Womﬂ__o_
of oy up o BT - - R
oo [~ = = — —_ ol ofu
< ol T~ 5% h:u]\_mm B T <M o oy o % OBE r B OB 4o~ . _ 3 o -
oy U — oy VR B oo Lo 7o Uy S R <12 o D or o) =0 = uu o)
o PN B o el = g T I N L g
TR o <F o B o R M e LIS = & ?
- @uoﬁulqﬁ__}% Brogo uf oo T mﬂ_iH_x_.aZM_mmo L A uai_i ©
fa— —_— —
o ;T ox m_. <[z ol 7 B N ﬂﬂqA_' of — o r 0T el o ST W s oT =]
— o P N %%Jafﬂxo%ﬂ%ﬁi o b Ko g @ & 2o 5
X Hmgd™ it A B2 Jo U T o g
= UHRAG@ o B o BT p.oJﬂA_H Al___oa_%__me N A2 o_-utﬁn_%o
P K m.@ﬁ - K- 5K H__L _._.__ OL 5 H_w_ ,_M__uw __ ._nwﬂ __ul..n‘mm_| O_E OL vA_l ‘_A_l %L o~ B __o_.nﬁV MAﬂ TO g_mv_u _ ) m
i mo T 1] O
o oop s PR Ko TR X N e o e T Ko O o _
A_H_ ~ N K= %° o L OAE o — o__E IS o =
- B A X ) AP o {|p — oo o ™M Oy — T 3 S
§owEe TR wxﬁﬂ%ﬁqéﬁmﬁaamg Ty Z22ww, FE =
19 i Sy =B N RS T ) ; 0 751 &
LT ECd T ETe T zace ZUARE [ §
= ol | O| ol ”.\].N . ~X ,Innoﬂ o ol = mﬂoe_ ! £ Oy
3 £ o G k) oy _ T o o ™ T i o o N W _A_fﬂlﬁmﬂ 2 <
oy KN o B L o wr . ™ r T .
o aﬁi%ﬁogunw m%:_bﬂﬂqmﬂ%%whﬂﬁﬂ}c_e %1&% %A_.mm,ﬂm =
o7 K ~ w o W g of = 3 oF 1 a4 p < KK K K =
X o B < ] - o o= T A_.on_u.uﬂg h ey z
i 4 g ST A TR Tt O A .-
fil] H (@) = L_ ‘W “N AO S
OIS L S s PR T PITTRY w_nl_.m;m_ﬁ%ﬂG%mﬁmu ofor T Kgr =
TR =Y =0 auotﬂﬂxthL_omeM O BT @ .mﬂ:_emﬂuox,_ )
orco | Ho 2wy < S Mo L T RORRO o S TET AR Kp S |
tmEH TS S nw 3N TN mrH | FmD S o fuw B o <k o K o (&
~ AE7A_.ﬂo_L%;nooHomLﬂﬂqA_HmomTMM44@LB < S
o- ol T T v e =

b, =2f

o

d

THAE RAF b




NE
X0
~NO

100

Table 7. Analysis of Mendel's law of genetics (law of independent assortment) in middle school G9

biology domain

00

o]

oy
i
,_mz
o
==
=3
E)
-3
ur ur
T
o 5%
XU
X
_.ao m_m_._
mjJ
o
Dl _.m._o.o
ol 89
20 =
= ol
5
OF %o
gl o,
o K
©d
11 oF
T o
% T
14
on =

i

A

E|
ol

o, olE =%

=
[

YHoR 2SO RHE

M—
nH
H
i
i
o
o)
(o — |
g
o
=]
— ol
Mo IT
ko
o
8 o
1o
= o[l
o o
i o
up o
o 1H
<+
ol
Mo
< X
- ofo
g
1o
ol
g e
S
wC T

ol
T
el

=

oju
™

fdl

oju
T80

o

100
el
X

Vel

oF

Yor=rtt

e

[
[

287} 9:3:312 LpERL

(Kim et al, 2020b, p. 197).

=
[L

[=]
==

LN NE

=g 24

X0

-
1o

HJ

_~

o
%0
=
ol
|
ol

HI7t 2 o7pR|

et

5
A 3

[22 op50| o]

5

2 27t &2 A 42 27

2y 4 4S

|.

S
of

i 7t22]=

5|

ofty Ao o

ofr

o4
X
&r

ol

ToT
B
1o

oD

o

~

AoEAJﬂl.L_A]l
mﬂﬂﬁv
B B
<F 1w e
mwr_._m.wm_:
WET
= N o5 O°
Q KComo K
o M = <F
ﬂm_.w%x,_
e
~
mMe._ﬂ_,_mo
o¢ 0l 7o
)
o
S o 5 U
ER
=y
]a.momt
Uﬂ,_._,_a_‘uw
or T ol o
M%m_ouao
CRGE
A1 of T o
a:_.%o_e
of M KT om
WE& <
1%!Hﬁ_xru
W_Q“_MﬁT
R
ﬂuOELIG
TR
G on S
gy 2 oM
= K .
5 o o 7
4 o
W o o
o 3 <k
0 M_H,r
moﬂm__.,__um_n__o_._._
;O_I
= ™~
q 1]
2570
IR
Ko ~ 74 mo

& g

13
of

slz= 3

Q
[S)

=g Al

Tor
o

o

Tor

ol

=
1o

of
B

o

Tor

-
[ife}
ﬁo
ol
oju
qAnO
il
._..MO
._nwﬂ .
o H
o
wr <
oo
o —
o]
<k MM
" sl
__o_._._
<l 9T
o
[i[e}
3
ol
K
oo
M or ofJ
_ TR
(@]
TR
do & <k
~ -
w2
oW ot
FoLd
il
o Tt p
ofp ol _,_m_ﬁ
W o}
S o W
o
X ol
S B
B go ™
Kr el
o <}
o) %0
KT B
v H %
CRCL
7_ o
o .
U TR

Table 8. Cognitive levels required by learning elements in middle school science biology
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