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Table 1

Adjustment of each research tool to characterize the various system thinking skills

Research tools
System thinking skills GDN CTQ GMQ D WA CM HD FI RG

Identifing the system’s ] ¥ ¥ ¥
components and
processes

Identifying relationships
among components

Identifying dynamic ] ¥ ¥ ¥
relationships within
the system

Understanding the cyclic ] ¥ ¥
nature of systems

Organizing components | |
within a framework of
relationships

Making generalizations

Understanding the
hidden dimensions of
a system

Thinking temporally: ¥ ¥
retrospection and
prediction

&
&
&

KK
KK

GDN, Groundwater system dynamic nature Questionnaire; CTQ, Cyclic Thinking Questionnaire; GMQ, Global
Magnitude Questionnaire; D, Drawing; WA, Word association; CM, Concept maps; HD, The hidden dimension inventory;
FI, The factory inventory; RG, Repertory Grid.
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Figure 1. Tami’s preparation stage of the concept map, in which she was asked to connect two concepts by a
sentence.
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Figure 2. 'The picture of an ecology system that was used in the ecology system assignment.
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Table 2
Students’ perceptions of the water cycle as shown in their pre- and post-drawing (McNemar's test)

Pre (%) Post (%) M-value p-value
A: Process within the water cycle
1. Evaporation 96.1 08.1 0.3 NS
2. Condensation 71.1 78.8 1.1 NS
3. Precipitation 100.0 98.1 1.1 NS
4. Penetration 65.3 90.3 8.8 0.003
5. Underground flow 11.5 61.6 24.1 0.001
6. Surface flow 384 63.4 8.0 0.005
7. Melting 0 23.1 — 0.01
8. Freezing 0 7.7 — NS
9. Dissolution 0 19.2 — 0.01
10. Transpiration 0 26.9 — 0.001
11. Capillarity 0 23.1 — 0.001
12. Pollution 0 13.3 — 0.005

B: Components within the water cycle

1. Plant 5.7 40.4 16.2 0.001
2. Human 38 13.4 5.0 0.02
3. Animal 5.7 5.7 0 NS
4. Ocean 94.2 82.6 45 0.03
5. River 36.5 50.0 1.9 NS
6. Glacier 0 9.6 5.0 0.025
7. Spring 7.7 19.2 3.0 0.0008
8. Soil 69.2 82.6 28 NS
9. Rock 154 442 10.7 0.001
10. Groundwater 40.4 65.3 6.7 NS
11. Clouds 98.1 98.1 0.5 NS
12. Rain 98.1 96.1 03 NS
13. Sun 30.8 25.0 0.6 NS
14. Water pollution 3.8 13.4 5.0 0.02
15. Water consumption 11.5 21.1 22 NS
16. Well 5.8 23.1 6.2 0.01
17. Sewage 7.7 9.6 0.1 NS
Table 3
Students’ perceptions, as shown in the word association task (McNemar's test)
The number of concepts that were Percentage of students who mentioned a
Groups of mentioned in regard to each category representative item of each category
concepts Pre Post M p Pre Post M P
1. Atmosphere 3.5 23 3.7- 0.0005 98.1 94.2 1.0 NS
2. Hydrosphere 32 29 0.2- NS 0923 92.3 0 NS
3. Geosphere 0.5 2.1 6.8 0.0001 50.0 86.5 134 0.001
4. Biosphere 0.3 0.5 1.4 NS 19.2 34.6 3.2 NS
5. Earth 0.3 1.1 3.1 0.002 19.2 50.0 11.6 0.001
6. Environment 0.2 0.7 3.7 0.0005 11.5 423 12.8 0.001
quality
7. Human 0.8 0.7 0.4- NS 321 438.1 32 NS
activities
8. Change of 04 0.7 1.3 NS 21.1 36.5 32 NS
state

9. Processes 1.1 2.1 0.2 0.0001 69.2 923 10.3 0.002
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Table 4
Students’ perceptions of the water cycle as shown in their concept maps
Post Significant
Dimension within the concept maps Mean Std Mean Sud t p
1. Number of concepts 11.9 39 15.1 5.3 3.6 0.003
2. Number of linkages 14.4 4.9 17.8 7.8 2.3 0.03
3. Related to the hydrosphere 8.4 2.8 6.8 29 2.6- 0.01
4. Related to the atmosphere 1.6 1.3 1.3 1.2 0.9- NS
5. Related to the geosphere 0.8 0.7 3.0 24 4.8 0.0001
6. Related to the biosphere 0.6 0.8 0.9 1.4 1.1 NS
7. Human activities 0.3 0.6 2.1 1.6 6.4 0.0002
8. Number of processes 35 2.7 6.1 2.8 3.1 0.005
9. Variety of processes 23 1.8 4.6 1.8 34 0.003
10. Concept related to more than 2.7 14 42 2.1 35 0.002
two concepts
11. Number of key sentences 6.3 22 9.0 2.6 3.4 0.002
12. Dynamic value 0.3 0.3 0.5 0.2 2.6 0.001
13. Cyclic value 0.1 0.1 03 0.2 23 0.03
Table 5
Students’ perceptions as shown in a Global Magnitude Questionnaire (GMQ)
Pre Post
Items AG ucC DIS AG ucC DIS t p
1. 8.3 30.0 61.7 14.3 35.7 50.0 2.7 0.0001
2. 24.1 48.3 27.6 50.0 28.6 21.4 29 0.006
3. 25.0 533 21.7 50.0 41.5 8.9 2.8 0.008
Pre Post
Items NS IC PC SC NS IC PC SC f p
1. 86.0 2.0 4.0 8.0 62.8 9.3 7.0 209 1.9 0.05
2. 79.6 8.2 10.2 2.0 79.6 459 13.5 54 34 0.02
3. 75.0 15.0 1.5 2.5 41.7 25.0 28 30.6 3.5 0.001
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Table 6

Students’ perceptions as shown in the Groundwater Dynamic Nature (GDN) questionnaire

Level of agreement %

Pre Post

Items AG ucC DIS AG ucC DIS t p

1 18.6 42.4 39.0 58.9 17.9 232 49 0.001
2 66.1 232 10.2 52.7 18.2 29.1 23 0.02
3 23.7 45.8 30.5 14.5 14.5 70.9 43 0.001
4 36.7 233 40.0 214 7.1 71.4 28 0.007
5 27.6 48.3 24.1 14.3 304 55.4 3.4 0.001
6 80.0 13.3 6.7 89.1 1.8 0.1 1.6 NS
7 53.3 433 33 87.5 0.0 12.5 5.0 0.001
8 15.0 31.7 33.3 3.6 10.7 85.7 3.3 0.002

Level of explanations %
Pre Post

Items NS IC PC SC NS IC PC SC t p

1 67.4 15.2 10.9 6.5 17.6 294 14.7 38.2 4.1 0.004
2 80.4 8.7 10.9 0.0 512 12.2 73 293 2.8 0.009
3 31.6 237 36.8 7.9 16.0 10.0 30.0 44.0 3.9 0.0004
4 463 16.7 35.2 1.9 12.0 8.0 240 56.0 6.5 0.0001
5 73.9 239 22 0.0 32.6 13.0 19.6 34.8 5.4 0.0001
6 13.6 545 273 4.5 53 263 421 26.3 4.4 0.0002
7 39.6 39.6 18.7 2.1 4.5 13.6 34.1 47.7 6.2 0.001
8 23.0 7.8 275 41.2 0.0 0.0 13.0 87.0 4.6 0.001
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Table 8

Students’ perceptions as shown in a Cyclic Thinking Questionnaire (CTQ)

Level of agreement %

Pre Post
Items AG ucC DIS AG ucC DIS t p
1 254 40.7 339 13.3 55.0 31.7 1.6 NS
2 13.3 55.0 31.7 16.1 7.1 76.8 4.3 0.001
3 48.1 23.3 28.3 30.4 8.9 60.7 3.1 0.03
4 58.3 20.0 21.7 52.7 18.2 29.1 1.5 NS
5 28.8 61.0 10.2 24.1 27.8 48.1 3.6 0.009
6 53.3 26.7 20.0 74.1 9.3 16.7 3.6 0.009
Level of explanations %

Pre Post
Items NS IC PC SC NS IC PC SC t p
1 62.5 14.6 10.4 12.5 39.5 14.0 16.3 30.2 3.1 0.004
2 48.2 12.5 12.5 26.8 12.2 2.0 8.2 77.6 53 0.001
3 55.6 2.2 20.0 222 20.0 5.0 27.5 47.5 24 0.02
4 65.3 16.3 10.2 8.2 44.2 11.6 7.0 37.2 32 0.003
5 80.5 4.9 4.9 9.8 35.0 5.0 5.0 55.0 5.2 0.0001
6 44.4 24 .4 15.6 15.6 15.0 37.5 15.0 32.5 2.6 0.01

AG, wiwsig; UC, Tiuvuew; DIS, liwiusae; NS, ldgndesmiaivenmans/dulis/Winedes; IC, gndewmny
dywmayias; PC, gnipsmaineteansunsdin; SC, Aesuneiigniemsivemans
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Figure 5. A graph that illustrates the relationships between cyclic perception and dynamic perception.
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Figure 7. A pre—post comparison of the number of closed cycles that were presented by the student’s
drawings.
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Is industrial pollution necessary? An exercise in asking questions.

A certain city in Israel initiated the establishment of a factory for manufacturing paint products. It is
known that during the process of paint production the factory was using water-soluble substances, and
that its wastes were rinsed into the sewage. Adjacent to the factory there is a valley cleft, on whose
edge a park was, established in which the city residents tour on weekends and holidays. The
establishment of the factory must be rapid to overcome the serious unemployment situation of this city,
involving hundreds of positions for the city residents.

Recently, you have been nominated as the head of the city’s representative committee. The
committee’s mission is to prepare a document determining the effect of establishing the
factory on the environment, and on the water property, especially. The committee that you are
managing will eventually decide if the factory will be established.

To your service there is an expert team that is specialized in preparing surveys on the effects on the
environment (i.e. a survey which determines the effect of certain projects on the environment).

Please, write at least two iustlons for each eirt:

Environmental quality 1. Will the establishment of the factory affect the environment?
2. Will the residual pollutants of the factory be discarded into the
sewage only?

1. Will the factory affect the animals that are living around this
of living cluwres) area?
2. Will the animals live as usual also after the factory’s build-up
is completed?

1. What budget do you plan to allocate for the factory’s
purification project?

2, Will you cut the budget in this regard or will you allocate a
suitable budget?

1. How do you plan to build-up the spill that will pour the wastes
into the sewage and how do you plan to establish the factory?
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