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<ABSTRACT>

The purpose of this study is to develop a model of ecosystem inquiry based on systems thinking. To attain the
purpose, the systemic components for the inquiry model were derived from a review of the literature with systems
educators. In addition, the commonly-observed ecological phenomena in Gyorae Gotjawal Area on Jeju Island were
examined and matched up with each component of systems thinking in order to identify whether each component
are appropriate for the inquiry model of ecosystem. Reflecting on the components of systems thinking and ecological
phenomena, we proposed a model of ecosystem inquiry focusing on developing systems thinking. The proposed
model is comprised of the four steps including "Identification of the system components", "Analysis of the
competitive relationships”, "Analysis of the cyclic/dynamic cooperation”, and "Analysis of the delayed/hidden
cooperation". The findings provide the first step in designing effective teaching and learning strategies for developing

systems thinking in the biological education field.
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Identifying the Systemic Components of Ecosystem Inquiry Model

¥

Analyzing the Concrete Ecosystem Phenomena Fitted to
Systems Thinking Skills

¥

Developing the Inquiry Model of Ecosystem

[Figure 1] Study procedures

2. Identification of the Systemic Components
of Ecosystem Inquiry Model
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4. Developing the Inquiry Model of Ecosystem
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III. Results and Discussions

1. Literature Review on System Thinking

Process
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FeF 8hE T QAT

Brain, Digital, & Learning, 9(4)

Al 2¥l Abal(system thinking) 271 37FA 2.4
A Azl FPas =" P8 7] A
A4, Ax"e] 7% L Bow A itk
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<Table 1> Components of systems thinking processes

in literatures

Authors
(Year)

- Identify the components of a system and

Components of systems thinking processes

processes/simple relationships/dynamic
relationships within the system.
Ben-Zvi - Organize the systems’ components,
Assaraf processes, and their interactions, within a
& framework of relationships

Orion - Recognize the cycles of matter and

(2005)  energy within the system/hidden
dimensions of the system
- Make generalizations
- Think temporally: retrospection and prediction.
- Recognizing interconnections
- Identifying Feedback
Stave ) ) )
& - Understanding Dynamic Behavior
- Differentiating types of flows and variables
Hopper .
- Using Conceptual Models
(2007) s .
- Creating Simulation Models
- Testing Policies
- Distinguish between the different levels of
organization
- Interrelate concepts at the cellular level of
Verhoef o
¢ organization
- Link cell biology concepts to concepts at
(2003) & P P

higher levels
- Think back and forth between abstract

cell models and real cells
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Raved - Identify components in the system/ simple
& relationships/dynamic relationships
Yarden - Organize the system components in a
(2014) framework of interactions
- Structural thinking
- Dynamic thinking
- Generic thinking
Draper . L
- Operational thinking
(1993) . -y
- Scientific thinking
- Closed-loop thinking
- Continuum thinking
- Focus on the critical factors
- Consider various elements of the system
Lee et at the micro-level
al. - Organize the relationship between various
(2016)  elements
- Recognize the cyclic aspect of the
complex system
- Identification of representing system and
L interconnectivity/linearity and cause-effect
ee et
i relations/feed back and dynamics
al.
processes
(2018) o AT
- Contextualization and identification of
time dealy and hidden dimension
- Identification of system components and
processes/relationships
- Organization of system components and
Kown . .
ol processes in the relation structures
et al.
2011) - Understanding of dynamic relationships in
the systems
- Identification of cyclic characteristics in
the systems
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3 A tH(Assaraf & Orion, 2005 Kown et al.,
2011; Lee, Han & Kim, 2016; Lee, Jeon & Lee,
2018; Raved & Yarden, 2014; Stave & Hopper,
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& Orion, 2005; Draper, 1993; Kown et al., 2011;
Lee, Han & Kim, 2016; Lee, Jeon & Lee, 2018;
Raved & Yarden, 2014; Stave & Hopper, 2007). ©]
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Draper, 1993; Kown et al, 2011, Lee, Han &
Kim, 2016, Lee, Jeon & Lee, 2018; Raved &
Yarden, 2014; Stave & Hopper, 2007)). whe}A] &
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stttk wEbA 2 Ao A =E3 Al Aba &
F 84 T A=y Fx vEdEA AAd AP
T AL U AEEY AAAAE "= AA
oA Hasgk Aa®l AlaL T 94E dAE F
AT
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2 EHA Qv (Zhi-lin, Chuan-chao &

Lian-qing, 2007; Zhu & Miller, 2003). L <Jo %=
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of dEMor euste wgel UF HEe T
S stk Webd B ATeAE Axdle] &3
A 4EH 5FL olds Aay Fx
8 B 4EA A AN B RAL el B
PEA 2o AE T WA FLAAS 9
Fah PN BAG Asd Am S SAR
EEE T

A AsE AT ekl Asg TR
A A W AN A AL 2de @k
Aol Hol H4L Py AW WA 5
AT RAL el 2ed 1E, o Fol A
e FR MAL A HEY 5 A, mA
3oge BRI AT FEEL B 4= A%
©aE Ralstel A AHAZ SeHnUE FL@
AG2 S BE B =8 A2YS ol

ah=8] 344 o] th(Shulze, 2000). T %o} Eeko]
B ZALAM 0|77t mIE $HAA RAES
AT, 2 FWe] 2R Ak ERFe] T
B4 SRRl Aot § RAGelA] Poju}
& dole] HHE FAT + A olHF 5AE
o wes A W ARH 29 ® ol ¥, w
a, A I e Td AR ol YA
Q3] F3zzhg, a8 ol® Q1% A" F %
2 8l dehts ARagel. oldd 4BAYS
et RS od Azl A dejur wWaE
osiaty, Bl WA 74 THLXE AA AT
At tA wBHE s 5HS serse 34
o7 Wol o]% HFeh BAL Axw Am o

; AR L AR A

AFHoz B ATN 2L YUAE T

=& Al=d

Abar g e sl Wi Aak= vh5e <Table 3>
Z

<Table 3> Application instance of system thinking

skill in Gotjawal ecosystem

Biological Description of the Systemic

phenomenon phenomenon Components

Camouflage of N.

sericea : The young  Identification of

leaves disguise non-cyclic causal

themselves as relationships
poisonous.
) Identification of
A lichen : A

- N cyclic
: mutualistic relationship ) )
relationships and
between a fungus and .
. . dynamic processes
hotosynthetic organism. ~
in the system

Identification of

system structure,

| Hairy holly fern, Cross system

holly fern, arisaema  components and
linear causal

relationships
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) Identification of
! Mushrooms : Fungi .
o | o time delay and
é- ./ play a significant role ) ]
: i hidden dimension
in the carbon cycle )
in the system

3 AL
ik LS
o st
hatt
F

& Paulownia thorns :
y oY .\ "y

Young Paulownia has Identification of

thorns to protect non-cyclic causal
themselves from relationships

predators

The leaves of East
Asian orixa emit an  Identification of
unpleasant odor to  non-cyclic causal
S protect themselves from  relationships

the pests

Cooperation between ) )
Identification of
moss and trees : Moss |
. time delay and
“retain water and the trees . .
' . hidden dimension
provide shade, the moss'

i in the system
habitat.

Identification of

Mutualism between cyclic
ectotrophic mycorrhizae relationships and
and trees

in the system

dynamic processes

Identification of

cyclic

pollinators

in the system

dynamic processes

3. Development of A Model of Ecosystem
Inquiry Based on the System Thinking

A AT Alxw Al FARA Y oke] AEE
4 BT BAL Jnen B ATAE Az
]

= i
Ange wEw By wde Avauc £

Brain, Digital, & Learning, 9(4)

A 23 AlaE At Sty g4 & R F
=9 F deom, & AFeAE ofd #HwE okg]
A 3}

Identification of the System Components

A 4

Analysis of the Competitive Relationships

. 4

Analysis of the Cyclic/Dynamic Cooperation

A 4

Analysis of the Delayed/Hidden Cooperation

[Figure 2] An inquiry model of ecosystem based on

the system thinking
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[Figure 3] A three dimensional model of ecosystem

inquiry based on the system thinking

HEo] okl AEA HFE AA 7HA F& T4
o2 o] BEFT 4 UAY [Figure 3]. oke A
BAGNA #EE e Alad SAES {9t

= e I Zo] MEY
A2 FEodlA e #FE 5 gtk A, 532
2 oke] AejA Y] A" 5EAS olsfatal whglglo]

B8] flalAE 4 B2 bse A sE

=

e

ofUe AEU FHA Rl ABAY B
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ol
==
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IV. Conclusions and Educational

Implications
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