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The feasibility of integrated concepts as a key element in designing integrated science curriculum has
been investigated by analysing science contents included in performance expectations stated at different
grades. The science curriculum of Singapore and the state of Ontario in Canada, and next generation
of science standard (NGSS) were selected. Each of them presents theme, fundamental concepts, and
crosscutting concepts, which has the characteristics of integrated concepts proposed in the study. Analysis
showed that theme, fundamental concepts, and crosscutting concepts were influenced by the characteristics
of each curriculum. In addition, science contents related to integrated concepts at different grades varied
with the nature of integrated concepts. Based on results, some suggestions were made. First, the total
number of integrated concepts should be considered for designing integrated curriculum. Second, the
nature of integrated concepts and science contents associated with the integrated concepts should be
considered. The integrated concepts should be vast and deep enough in the meaning to contain various
content knowledge of different science domains. Third, it should be considered that how the integrated
concepts have to be presented at different grades.
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Table 1. The overview of primary and lower secondary science syllabus in Singapore
Primary
Themes : : Lower secondary
Lower block(Primary 3 & 4) Upper block(Primary 5 & 6)
Diversity of matter
o . . ® (lassification of matter
® Diversity of living and non-living * Elements, compounds & mitures
. things(general characteristics and . .
Diversity T ® Solutions & suspensions
classification)
®* Dj ity of terial
versity of matenals Diversity of plant and animal life
® (lassification of plant and animal life
Cycles ® Cycles in plants and animals (life cycles) e Cycles in plants and animals (reproduction)
Y ® Cycles in matter and water(matter) ® Cycles in matter and water(water)
Models of cells & matter
Systems . . ® Cells-structure, function & organisation
(for primary) ® Plant system(respiratory and circulatory Particulate model of matter
T
/ ) systems) . . ® Simple concepts of atoms & molecules
Models & ® Plant system(plant parts and functions)  ® Human system(respiratory and circulatory
systems ® Human system(digestive system) systems) Plant & human systems
e Cell syst
(for el sysiem ® Transport in living things
® Electrical system o .
secondary) ® Digestion in animals

® Sexual reproduction in human beings

Interactions @ Interaction of forces(magnets)

Interaction of forces(friction force,
gravitational force, force in springs)
Interaction within the environment

Interactions of forces & energy

® Concept of force & pressure

® Moment of a force

® Work

o Effects of heat

® Transmission of heat

® Chemical changes

® Simple concepts of populations, community
and ecosystem

® Energy transfer process in the ecosystem

® Nutrient cycles in the ecosystems

® Energy forms and uses(photosynthesis)

Energy forms & uses
® Energy forms & conversion

Energy ® Energy forms and uses(light and heat) « Energy conversion e Light
® Electricity
® Photosynthesis & respiration
Science & Science processes & applications
Technology ® Scientific inquiry
® Science and technology in society
Making measurements
Measurement ® Use of measuring instruments

® Physical quantities & units
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Table 2. The overview of the topics in Grade 1-8 science and technology in Canada

Understanding Understanding Understanding Understanding earth and space
Grade . .
life systems structure and mechanisms matter and energy systems
Needs and characteristics of living  Materials, objects, and everyday . ) )
1 ) Energy in our lives Daily and seasonal changes
things structures
2 Growth and changes in animals ~ Movement Properties of liquids and solids  Air and water in the environment
3 Growth and changes in plants Strong and stable structures Forces causing movement Solids in the environment
4 Habitats and communities Pulleys and gears Light and sound Rocks and minerals
Forces acting on structures and  Properties of and changes in Conservation of energy and
5 Human organ systems )
mechanisms matter resources
6 Biodiversity Flight Electricity and electrical devices  Space
7 Interactions in the environment  Form and function Pure substances and mixtures Heat in the environment
Cells Systems in action Fluids Water systems
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Table 3. The disciplinary core ideas of science in NGSS

Core ideas in different areas of science

PS1 Matter and its interactions
PS2 Motion and stability: forces and interactions

Physical science (PS) pS E
3 nergy

PS4 Wave properties

LS1 From molecules to organisms: structures and processes

Life science (LS)

LS2 Ecosystems: Interactions, Energy, and Dynamics

LS3 Heredity: Inheritance and variation of traits
LS4 Biological evolution: unity and diversity

ESS1  Earth's place in the universe

Earth and space science (ESS) ESS2

Earth's systems

ESS3  Earth and human activity

Engineering, technology, ETS1
& applications of science (ETS) ETS2

Engineering design
Links among engineering, technology, science and society
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Table 52} Ztch

shd R AXE BEIES] MRS A o, Lower primary
ofld 71 gl B Yl FRENES oluRP et ‘T o= U
EpTE 2k, AP, ATARE S oHAT U T ol ISl A
o2 ol thFofx|A] ekt Upper primaryoi| 4 71 @o] thal
U= TS AR oIglon, FE olo] AP} ‘=g o] fAk
S HIS0= THRIA|AL QUQIE) SecondaryoflA] 7F Wo] TREAL Q=
FARE R} AP olal, 11 FE olo] AFEARE, “oUAP, ‘T
o] o7 Uepth Ao R Ao ARG AShA R T Aok,
TS IPARTRE At o2 AshdofA] o] tRojx|aL 9l
= Ao e

5l Wa 2 shdzold AAEE T} e 2z MEs
b et Ak thel/d -2 Lower primary @} Secondary Al
Tk AN e FA7NE =, Secondary @] AJF|EIEOIA LERt Tk
3 T st g 2420] AJA] HIE=E-E 63.6%= Lower primary©]
36.4%R T} =90t ‘o3PS Lower primary?} Upper primaryof| A7t
Clolds FRIEOR e shdpurt e szl o A5
ok g fdhBo] thRolA 918 o 4 Atk AP Lower
primary$} Upper primary | A9+ A|A =31, <@l A= Secondary
ofAfit AAER Bl Ao melm AP ol e s
SOl T B g AEo] thRol5L gl AkEERg T o
YA BE shage]d thRelx|a ol Bebidelct shdol
Seleg o me g 2aSo] AR, U o] A
€] 02 Lower primaryof| 412} H|&-0] 27.0%= Upper primary 2]
18.9%5c} 3] Uiehgeh, “Tfska} 7|43 2 oA 27Ttk
], BRte] Jofol EFEE B g 847t A
ot

Aurcre] BshLSTel AAlG HREEES BAg ATk
Table 63} 2k EEIAE % 70} 71 0] 4mte] 2o
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2ol BAEe| ATtk Ak BT WaolN tiRA) ok
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Table 5. Number of science contents involved in each theme at different school levels in Singapore science curriculum N(%)
.. Model & . Science &
Diversity Cycles Systems — Interactions Energy Tediellzy Measurement
8 3 3 o 2 10 o o
Lower primary
(36.4) (23.2) (21.4) (0.0) (4.9) (27.0) (0.0) (0.0)
Upper o 10 11 o) 13 7 o o
primary (0.0) (76.9) (78.6) (0.0) (312.7) (18.9) (0.0) (0.0)
S q 14 o o 31 26 20 o o
econda
v (63.6) (0.0) (0.0) (100.0) (63.4) (54.1) (0.0) (0.0)
Total 22 13 14 31 41 37 o o}
o (100.0) (200.0) (100.0) (1200.0) (200.0) (100.0) (0.0) (0.0)
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Table 6. Number of science contents involved in each fundamental concept at different grades in Ontario science curriculum N(%)
Concept M. System and Structure and Sustainability and Change and
Grade attet Energy Interaction Function Stewardship Continuity
5 5 o o 8 6
* (16.2) (12.8) (0.0) (0.0) (61.5) (31.6)
4 7 o 2 0 7
2 (12.9) (28.0) (0.0) (9.2) (0.0) (36.8)
1 2 9 1 1 3
3 (3-2) (5.2) (14.5) (4.6) 7.7 (15.8)
0 8 14 3 1 1
N (0.0) (20.5) (22.6) (13.6) 72 (53)
8 5 2 6 o} o
> (25.8) (12.8) (3.2) (27.3) (0.0) (0.0)
6 2 4 13 6 1 o
(6.5) (10.3) (21.0) (27.3) 7.7 (0.0)
8 8 11 o 2 o
! (25.8) (20.5) (17.7) (0.0) (15.4) (0.0)
8 3 0 13 4 0 2
(9.7) (0.0) (21.0) (28.2) (0.0) (10.5)
Total 31 39 62 22 13 19
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Aol 23R W 84 F 53R} T8RdCA A Bl FHEo] V.22 4 HA

1~85HolA] This AR|2] 50% oPtoR & Hlge AHSL 9
AR 43S Alefet mE ShdolA ANEIL ik oA
$3hde Aol mE shiol] ANJE: g abw 45hdw} 75k
o] ANIER Blgo] 217} 20.5%= the ShAwct ok
Aok ABARE, ok 7%, A7 RsATE A, sieh A
S ol o] wet AXERs Tt U ao] ulge] Holrh
QUoic WA Ao} Ao 1, 25hdolAE sl AR elok
o} Sk s3hAS Alolat The Shdol ulwA e AA|El
Qe <o} 7% e 18kl TahoIAE AAIEA QY
xyehelurt TshdolA © Bo] AWJET Qe oF 4= Aotk XK
A A 2 AJshdeld ThEm Qi ol X47Ns AT
sl 2)4] B3 elolq Tl 91X o] WlEoleki of ARl
B Ao X4 golo] sk RS FHoR BAse]

nhio] sl FAIE The gelo] e Qolel Aol Balo] £
SheA) glo} ulgo] WAL L] 95 Ao sk njxep
o)

o “Holo} ALY 2 S~TF0NA ] AAEA] Rk AL}
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NGSSollA AARE g 5ste] Zetsjo] = Het e 845s
U7 E2 247 B3Iz Table 73} Ak NGSSoA A4 &
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62.5%2 ASPAoNA] AJHF o2 o tRRoj|al )Sirt Hhd oy
Aep &2, et 7, (AT Hisk = et veiAle
0] 75%0 Vo= Jrshdoli] Wol thfolA|al Q52 & 4= 33
CF Mt Axp, A, vieat) F, ARk HElofla= K59 S
WOA TR Yigo] thef AR A= AR o o ASlEk

A, A I ol 1 AP A2 S e A
ABIAL Q= AR Rl A (RER] ) 9] WSy, vi=e] et
WSUREEES A8 2 AYE iR tE 22 A Uil
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Table 7. Number of science contents involved in each crosscutting concept at different grades in NGSS N(%)

s Cause and chle, Systems and Energy and Structure and ~ Stability and

Pattemn Effect proportion and system models Matter Function change
Grade quantity

K 3 7 o 3 (0] o] (0]

7-5) (137) (0.0) (13.6) (0.0) (0.0) (0.0)

S 5 3 o 0 2 2 0

(12.5) (5.9) (0.0) (0.0) (14.3) (14.3) (0.0)

, 4 3 0 o 1 1 2

(10.0) (5.9) (0.0) (0.0) (7.2) (7.2) (25.0)

7 8 2 2 o} o} o}

3 (17.5) (25.7) (10.5) (91) (0.0) (0.0) (0.0)

5 3 (o] 2 o} o} o}

b (12.5) (5.9) (0.0) (91) (0.0) (0.0) (0.0)

1 2 6 5 0 0 0

> (2.5) (3.9) (31.6) (22.7) (0.0) (0.0) (0.0)

pS 5 9 6 2 8 8 2

(12.5) a7.7) (31.6) (9-3) (57.2) (57.2) (25.2)

Middle LS 5 14 1 1 3 3 3

school (12.5) (27.4) (5-3) (4.6) (21.4) (21.4) (37.5)

ESS 5 2 4 7 o} 0 1

(12.5) (-9 (21.0) (31.8) (0.0) (0.0) (12.5)

40 51 19 22 14 14 8

Total

(200.0) (200.0) (100.0) (100.0) (1200.0) (100.0) (1200.0)
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