Brain, Digital, PISSN : 2384-2474
& Learning eISSN : 2586-7490

RESEARCH ARTICLE

Development and Effectiveness Analysis of
System Thinking Inquiry Modules for High
School Credit System : Focused on Sementic
Network Analysis

Yuran Kim' - Hyonyong Lee?*

'Sangmo High School
*Kyungpook National University

R =it et ]

*Corresponding Author: hlee@knu.ac.kr

ABSTRACT

The purpose of this study is to develop a system thinking inquiry module for earth science
subjects that can be used in the high school credit system. The developed module and
system thinking evaluation rubric were applied to general high schools in which the high
school credit system is implemented. A total of 70 general high school students were

'.) analyzed for concept understanding through system thinking, and curriculum consistency
CReEra and field suitability were analyzed through cases confirmed in the scoring process.
updates

The results of this study are as follows: first, the unit of interaction between the atmosphere
and the ocean in the core concepts of the 2015 revised science curriculum and the Earth

a OPEN ACCESS Science | textbook were analyzed, and a six-topic exploration module was developed.

Brain, Digital, & Learning Second, based on the results of sementic network analysis, causal map and visual thinking
2022, Vol. 12, No. 3, 403-422. map scoring criteria were developed to analyze concept understanding through system
https.//doi.org/10.31216/BDL.20220025 thinking. Third, as a result of applying it to Earth Science | of the in-school curriculum,
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©2022. Institute of Brain based Education, based on the verified curriculum consistency and field suitability, a plan that can be used for
Korea National University of Education high school science subjects was proposed.
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Fig. 1. Research procedure
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Subjects

Curriculum and Textbook

w AT 201570 S o 7)ot sl el e Ahg Tl A7 1E R LSSt A et T wakA 6

Fo) B2 182 223t0] Qo] UESIT A AN WA 650) §7 B 94S EE5l0] 24
31}, Aol FE 201574 LETPO] HH71E W STAPE X705 T TIAE Table 1, Table 29}
2.
Table 1. Achievement standards of analysis targets
Achievement standards Contents Related unit
The relationship between the general circulation and the surface circulation of the
12ES T 04-01 . - .
ocean can be explained centering on the major surface currents. . .
— ORET - ; : . Circulation of seawater
Understand the principles and distributions of deep circulation and explain them in
12ES T 04-02 . . . .
relation to surface circulation and climate change.
As an example of the interaction between the atmosphere and ocean, understand Interaction between the
12ES T 04-03 . . o
upwelling and downwelling, and the Southern oscillation. atmosphere and ocean
The causes of climate change can be explained by natural and artificial factors,
12ES T 04-04 and the environmental, social and economic effects of climate change by human Climate change

activities and how to scientifically solve climate change problems can be discussed.

Table 2. Analysis unit in the textbook

Section Republisher ~ Author Related unit Year of publication

ESI@  Kyohak Leeetal. 1I-2. Interaction between the atmosphere and ocean 2018

ESI®  Kumsung Kwon et al. 4. Interaction between the atmosphere and ocean 2017

ES1© Mirae-n Leeetal. IV. Interaction between the atmosphere and ocean 2017

ESI® Visang Leeetal. 1I-2. Interaction between the atmosphere and ocean 2017

ESI® YBM Kimetal. [V. Interaction between the atmosphere and ocean 2017

ESI®  Chunjae Ohetal. V. Interaction between the atmosphere and ocean 2017
Participants
AU S 9o AR AR A8 P D5 491 B3} chifol et 2020 6ol L) T,

St 7H 350831, Fote] EFo] YA 15stuof A o] Zoj x| = Al 71A] £ FE 2 A=l Al
ARIARLE &5l th7]9F slFe] /g2 282 ofslistal A=A S BHst7| ffsl A v e AlAE
AR B w52 sk 2o Y ER IEHUAL B BES BUSH| A 1A 259 Al2E AR
WEZ AAISHIT Aol 485 4= B A5 T2 Table 324 2T
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Table 3. Subjects of application

. . Participant (No. of . Pre-educationof ~ Teaching
Section Subject students) Applied module ST time Notes
Science Inquiry Prelim-inary
In school Experiment Ist grade (240) Module 1-6 ) 12 applic-ation
curriculum . Module 1, Module
Subject Earth Science [ 2nd grade (45) 3 o 5
Collaborative
Curriculum Advan'ced Earth 3rd grade (15) Module 5, Module 5 5
Science 6
Between School
Non- . Ocean Club Module 2, Module
subject Club Activity Activity 3rd grade (10) 4 o 5
Total 310
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Development of System Thinking Inquiry Modules
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ol sigBtet. AZBuild) Bl B 432 Aute BAjsta, A2 EE5He Wl sidsi 7t
(Assessment) THAl= & A4S Eo}ﬂﬂ ot ZAlsi A otolt| ol & H|awstal Yolsh= I B9
At E 85k, 322 0 2 A28 FAof tigt =3 o] 7H53He 2 SHoh(Jeon & Lee, 2015). ‘A|AE] AR
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Fig. 2. System thinking inquiry module lesson steps
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Table 3. Types and frequency of inquiry activities by publisher unit: number(%)
Section Inquiry activities type Total
EO SA P D RW EX

ESI® 0(0.0) 1(25.0) 0(00) 3(75.0) 0(0.0) 0(0.0) 4(19.0)
ESI® 0(0.0) 1(333) 1(333) 1(333) 0(0.0) 0(0.0) 3(14.2)
ESI© 0(0.0) 1(25.0) 1(25.0) 2(50.0) 0(0.0) 0(0.0) 4(19.0)
ESID 0(0.0) 1(25.0) 1(25.0) 2(50.0) 0(0.0) 0(0.0) 4(19.0)
ESI® 0(0.0) 0(0.0) 1(25.0) 3(75.0) 0(0.0) 0(0.0) 4(19.0)
ESI® 0(0.0) 1(50.0) 0(00) 1(50.0) 0(00) 0(0.0) 2(10.5)
Total 0(0.0) 5(23.8) 4(19.0) 12(57.1) 0(0.0) 0(0.0) 21(100.0)

EO: experimental observation, SA: simulated activities and experiments, IP: investigative discussion and presentation, ID: interpretation of
data, RW: reading writing, EX: expression
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Fig. 5. Achievement standards in curriculum
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M 7Hg 2 M5 Bl ole)o] & s 4= 2% ofshe] wabAofl A theal 9lom tiiE A&
D)2 BT ﬂE—J f%o] Algks]o] SIck. o2 Z7at oh|ot slopel 4 Bele) w7 BE 5
G422} Bl = Table 42+ 2}
Table 4. Types and frequency of inquiry activities by publisher unit: number(%)
. Inquiry activities type
Section EO SA 1P D RW EX fotal
ESI® 0(0.0) 0(0.0) 1(100.0) 0(0.0) 0(0.0) 0(0.0) 1(7.6)
ESI® 0(0.0) 0(0.0) 1(50.0) 1(50.0) 0(0.0) 0(0.0) 2(153)
ESI©) 0(0.0) 0(0.0) 1(333) 2(66.6) 0(0.0) 0(0.0) 3(23.0)
ESI® 0(0.0) 0(0.0) 1(33.3) 2(66.6) 0(0.0) 0(0.0) 3(23.0)
ESI® 0(0.0) 0(0.0) 0(0.0) 3(100.0) 0(0.0) 0(0.0) 3(23.0)
ESI® 0(0.0) 0(0.0) 1(100.0) 0(0.0) 0(0.0) 0(0.0) 1(7.6)
Total 0(0.0) 0(0.0) 5(384) 8(61.5) 0(0.0) 0(0.0) 13 (100.0)

EO: experimental observation, SA: simulated activities and experiments, IP: investigative discussion and presentation, ID: interpretation of
data, RW: reading writing, EX: expression
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Aot gt &5 Tl ulFe] kst 2227|(RW)E ESIG~ESIO® 3% kAol T2t} ES1@)-2 oFF-2]
et EE5o 2 ARl SR A5 23St ol A EFEX)E AASHL oM 4l 7o BT EeS
Soll 715 Hetke] ), FA, o, siAW S theal Slth o] 5 Tt 7|5 el dele] g EF 7Y

429} H1 == Table 59} 2t
Table 5. Types and frequency of inquiry activities by publisher unit: number(%)
Section Inquiry activites type Total
EO SA P D RW EX
ESI® 0(00) 0(00) 1(25.0) 3(75.0) 0(00) 0(00) 4(13.7)
ESI® 0(00) 0(00) 3(42.8) 2(28.5) 1(142) 1(142) 7(24.1)
ESIO 0(0.0) 0(0.0) 3(60.0) 1(20.0) 1(20.0) 0(0.0) 5(17.2)
ESID 0(0.0) 0(0.0) 2(40.0) 2(40.0) 1(20.0) 0(0.0) 5(17.2)
ESI® 0(0.0) 0(0.0) 1(333) 2(66.6) 0(0.0) 0(0.0) 3(10.3)
ESI® 0(0.0) 0(0.0) 2(40.0) 3(60.0) 0(0.0) 0(0.0) 5(17.2)
Total 0(0.0) 0(0.0) 12 (41.3) 13 (44.8) 3(103) 1(34) 29(100.0)

EO: experimental observation, SA: simulated activities and experiments, IP: investigative discussion and presentation, ID: interpretation of
data, RW: reading writing, EX: expression

Development of the System Thinking Evaluation Rubric
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Fig. 9. Example of causal map and scoring
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Fig. 10. Example of visual thinking map and scoring
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Table 6. Example of causal map assessment rubric

Causal map assessment rubric

Section Assessment guide
Good (5 points) Fair (3 points) Poor (1 point) &
. Correctly identify all Identify 40% of Identify 20% of Mention at least 5 required concepts (1
R« ke o . . . . . .
equired keywords critical variables critical variables critical variables point per concept)
Reasoning processes Some connections Incorrect
LSTI and concepts . . . . .
. between variables or interconnection appropriate connection between the
Interconnection between concepts ~ show an accurate . . . .
interconnectivity concepts in the §ystem between.vanables or  mentioned factors (1 point per factor)
between variables are appropriate concepts in the system
50% of concepts Concepts and Percentage of one-way connections to
L Concepts mostly show . . . .
Linearity . include two-way or  reasoning processes  total connections(neither two-way or
two-way causality . Lo .
LST2 multiple-way have high linearity multiple-way)
Causalities are clearly o . . Percentage of causality to total
Causal relationship identified across all 30% causality is - No cgusuahty OfVEY connections (Percentage of connections
. correct insufficient . G .
connections with correct scientific evidence)
Accurately identify the 50% feedback loop Mpst feedback loops Check' feedback loop appearance ar}d
Feedback process feedback loop process . in the system are dynamic process(Qualitative evaluation
correct in the system . .
LST3 of the system incorrect through content analysis)
Represent the entire Partially static . Percentage of dynamic entity to total
. . . Statically represent the . . L
Dynamic process system as a dynamic  representation of the enfire svstem connections(appropriate cyclic ring
entity system Y addition points)
Und'erstand and Partially .understand Failed to describe the  Describe the dynamic system process,
. . explain the overall  and describe the flow . . . : .
Total circulation . . flow and mechanism  including the interaction between the
flow and mechanism  and mechanisms of
of the system feedback loop
of the system the system
Consider the overall  Include some context No context StaFe froma consmtent. pe.rspectlve na
Total context N considerations consideration particular context(Qualitative evaluation
LST4 of scientific and logical approaches)
Recognize changes over time, present
Total fime Consider the overall ~ Partial consideration Do not consider time ~ sequential causal relationships causality
time delay of time delay delay (Qualitative evaluation through content
analysis)
Invisible factor Consider the overall ~ Consider partially Do not Consider Qualitative evaluation through the
invisible factor invisible factor invisible factor proportion of non-visual factors

Levell: The degree to which the system is structured

Level2: The degree to which Causalities are identified within the system
Level3: The degree to which understand the dynamic process and feedback
Level4: The degree to which non-visual factors are identified within the system

System Thinking Inquiry Modules Development Results

Configuration and Content
o719 s o] JoAgo = tehhe A1l d/d2 A A o] A2 1129
o] O}LJEE o]_E_ xﬂa%l- A& E:Ilyl. ‘:‘5—6‘]»5!_ ;—(.“;ﬁ‘?_] ,\Eﬁd 5,4_7394 =
(Shin & Kwon, 2020). A/ 7-2}8} T 6% watA o] BH SE RS &7
& Tefsfo], YA LEEL SRl HeT ¢ %
2% 58S I B B 5] Fxof ufet gk
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Table 7. Inquiry module topics and type of inquiry activities unit: number
. . . Teaching Inquiry activities type
Unit Module  Inquiry module topics - O SA P D RW EX
. . 1 Seawater circulation 2 0 1 0 0 1 1
Circulation of seawater
2 The currents around our country 2 0 1 1 1 0 1
Interaction between the 3 EINino and La Nina: observation 2 0 1 1 1 0 1
atmosphere and ocean 4 EINino and La Nina: research 3 0 0 1 0 1 1
Climate change 5 Cl@ate change: a na@l factor 2 0 1 0 1 1 1
6 Climate change: an artificial factor 3 1 o o0 0 1 1
Total 14 1 4 3 3 4 6

EO: experimental observation, SA: simulated activities and experiments, IP: investigative discussion and presentatio
data, RW: reading writing, EX: expression

ID: interpretation of

=

ST RE AN BT 2 73 = BE oY PN ET S oE BRT S U= Ee S BF
ahoto] Hlm 2 UFERATH A| A8 ALY A8 B BE-2 Park & Lee (2014)7} 7051 2p5} gFreo}
A 718k2] ADBAS 594 49 23Z YHkA 1158kl £ ol 9| 4275 Hebsto] sTHA =

(o]
AJAR)ARL 28 9 5 T 4 4 Table 87+ et

Table 8. System thinking inquiry module components of steps

ADBAS Model  System thinking inquiry
Steps module steps

Components

‘Present of inquiry goal and motivational materials
-Present of data on the recognition of problems in daily life
-The process of understanding, planning, and performing inquiry activities

Analysis  Analysis of inquiry problem

Design Design of inquiry problem  -Learn how to operate experimental tools and applications
‘Hypothesis setting, exploration design through variable control

-Experience various inquiry activities such as observation, experiment, investigation,
discussion, and acquisition of inquiry functions

Build Build of inquiry problem  ~Analysis of inquiry results and draw conclusions

-Creating a report

-Presenting in-depth activities

o ‘Presentation of results and discussion of problem-solving ideas
Assessment Assessn;er{)tl orfr‘lmqulry -Feedback from assessment
prove -Feedback from process-focused evaluation
o ‘Identify elements of analysis, design, build, assessment, system thinking
System thinking Tlnnkmm; system -Organize and analyze activity results from causal map, visual thinking map

‘Draw causal map and visual thinking map based on causality and circulation

Content Validation Results

AAR) AL A G ot B A8 TAIE Qe g Zgol tie] A7 e 25 E U8 B H35S AA
SIQITE Al AR ARLL A8 gt BEo| W8t HHA SRo) Ul el =& S5t WS B S
ofl &= A atel a5} w4 191, Al rakstat AebAt 191, Al Rkt WAL 291, st Sk HhAF 291 0 & F 678
o] Fofatelth. 27 = 2 Ql¢lof thsh 8ol = AT Lynn (1986) 59 o] ol A 107 o] vlE2]5kctar 5}
A TH(Lee, 2021). W& BFSE AARE A|AE] AR A8 gt RET} 70 ofsh = HARA|7F2015 717 w52}
1t A= o] A=A], F g2 Ul-gol| AR AL A - 6] -85 =A], 71l olsl = HARA| 2] =2
1} Uj-g-o] AR § mjofed 4= Qletoll T8-S Tl Ul B = AARE AAISIRIT.
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W& B AARE W8 EFFE Z|43(CVI: Content Validity Index)& £A15t0] Tst3iTt. o] Aol Ui-&-
Bl AAL= 2|AEA] 44 A2 AF8519 oH 44 of 25t AE7FE ‘Efgsicy 1 mhidsiedct Lynn
(1986)—4 t}lﬂ% 2 %_}513}04 41—1 o ‘UH .L]-E:] 01_0_’ 37(42 ‘.\)@j g}%’ 27(4.2 ‘Aﬁs]-x] 01-0 74 0] .‘_JrE=] gj\g”
14 T gle’ o2 g el |42 2519 o1 1-CVI A|427} 1.00 ©]4, S-CVI A14=7} 0.90 ] Ao H
B =7k SHR e Qiokal sttt ZF £3ke] UlE BFg = A1 (1-CVI) 32 0.78, A Y-8 efd = A4
(S-CVI) 4= 0.90 o)/do|™H efg =7} S H = lokal weksila A4 Al ofeli= HAFSIATE AlA

B AL E 283 Bt BEC| W84, WA SHolA BE Eol thalf W& e A4 ZHI-CVI 0.78
B A1, A U8 EFE 2] 4xS-CVI) 2H2 091622 UERFOo ™ 8 Bl 7 SR E A2 AA o=
ALkt

System Thinking Inquiry Modules Application Results

In-school Curriculum

AU 8T 251 AT T 4L SO thvloh ko) HEAHE Belol 97 BE 1,38 4
85 5, A28 ALTLE £ A S olasti YA ZAISIIT 4744 45l B A A2 He) o

A7 ZA3H= Table 99+ 2Tt
Table 9. Analysis results of causal map and multi flow map (N=45)
Module 1 Causal map Module 3 Multi flow map
System thinking level Good Fair Poor Good Fair Poor
(Spoints)  (3points) (1point) (Spoints)  (3points) (1point)
LST1 Required keywords 23 21 1 21 17 7
Interconnection between concepts 20 15 10 21 15 9
Linearity 24 18 3 26 18 12
LST2 Lo
Causal relationship 24 11 10 14 17 14
F k 11 1
LST3 eedbac. process 3 3
Dynamic process 12 25 8 14 27 4
Total circulation 7 22 16
Total context 19 22 4 17 19
LST4 .
Total time 10 21 14 13 24 8
Invisible factor 15 20 10 14 21 10
Average (score/total) 38.4/50 27.7/40

Collaborative Curriculum between School
oL U TSR I D3 AT S-S IR AR ke 19k S 45 A8 T
ol & 25 5,62 2187 5, AL AL F3l] 7\ ofsfistal =A] ZASHIT St 2t 35
HOo2 IPH L 25 5,62 715 W5} Q91 7A HE A2 SPE0] 7]1% Hgte] 2jiA,
A zANSHL | A, Rt F 7] Heke] 9ole Ane wEsto]l AR =S Y IR
AE £d0 2 W=}, A8 157 2] EaA) At Akz 2] B A A B3 Table 102}
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Table 10. Analysis results of brace map and causal map (N=15)
Module 5 Brace map Module 6 Causal map
System thinking level Good Fair Poor Good Fair Poor
(Spoints)  (3points) (1point) (Spoints)  (3points) (Ipoint)

LSTI Required keywords 9 4 2 10 3 2
Interconnection between concepts 7 5 3 8 4 3

ST Linearity o 9 6 0 8 5 2
Causal relationship 7 6 2 6 7 2

LST3 F eedbaf:k process 6 7 2
Dynamic process 5 8 2 7 7 1
Total circulation : : 5 7 3
T text

LST4 otal c.on ex 6 6 3 6 5 4
Total time 5 9 5 8 2
Invisible factor 5 6 4 6 7 2

Average (score/total) 28.8/40 35.8/50
Club Activities

T 35hA Sl Eote] He 109 tho R B0 BE 48 4e
S ) SARISICH Bl A Sole) 5o {16‘@% 4 2.5 2, 42 Tl AR 4F
P2 2412 S35 0] windy o Sel7ol e o) g3te] XS 4slo] 57t 9o ket
S B, AUk, ehUph Q15) A BlA)s QRS 715 s A ER AR WEkslol
A S S PSS QA 55 A RAE B0 2 st Sote 29 1090] 254 At
Arg A2 8 AP Ak Table 12} 2

Table 11. Analysis results of flow map and tree map (N=10)
Module 2 Flow map Module 4 Tree map
System thinking level Good Fair Poor Good Fair Poor
(5points)  (3points) (1point) (5points)  (3points) (1point)

LST1 Required keywords 5 4 1 5 5 0
Interconnection between concepts 4 3 3 5 3 2
Lineari 4

LST2 nearity . . 5 1 4 4 2
Causal relationship 4 4 2 4 4 2
Feedback process

LST3 .
Dynamic process 3 5 2 5 3 2
Total circulation : : : : : :
Total context 4 4 2 4 4 2

LST4 .
Total time 4 4 2 3 2
Invisible factor 4 3 3 3 6 1

Average (score/total) 27.2/40 28.4/40

System Thinking Inquiry Modules Utilization Plan

2 ATE Qo] U ESIT BAS So m8abY 9 AIAY ALY B E Tk mEe] R4S o 2 oY
7 o] nwshylo] B89 4 9 Wore s} st o 3
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Table 12. Type of system thinking inquiry module

Reaui Modulel Module2 Module3 Module4 Module5 Module6
3 S Thecurrents  ElNinoand  EINinoand Climate i Achivement
Subject t]mgr/n"gotal Seawatercirculation  around our LaNina: LaNina: change: a acn axﬁﬁciZlhangi “ sandard
country observation rescarch  natual factor
. 10IS08-03
Integrated science ~ 5/102 o 101S09-04
10SE02-03
Science inquiry 10SE02-04
experiment 934 ° ° ° © 10SE02-06
10SE02-08
12ESI04-01
Earth sciencel 12/102 o o o o o o ~
12ESI04-03
) 12ESTI04-02
Earth sciencell 5/68 o o 12ESTI05.06
Convergence 5/68 o o 12CS06-04
science
Advanced
carthscience 5/51 o o 12AS02-09
. 12SE02-10
Salﬂlsclznnfe 9/51 o o o 12SE02-11
Xperimy 12SE02-13
Convergence 12CE01-01
science Inquiry/ ~12CE01-10
Scienceprojct ) ° ° © 12SR01-01
research ~12SR01-12
12EE01-06
Ecglogy an(i the 934 o o o 12EE01-07
environmen 12EE03-04
Club activity 5/34 o o

Discussion and Conclusions
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