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[Meplexopeva pabnpaATOg

daivopevoypagia

2NMEIWTIKA availuon ixvoypaenuaTwy

Mol0TIKNA KAl TTOOOTIKA avAAuon IXVOYPa@NUATWY
EKTTaIOEUTIKN KAl EPEUVNTIKN XPHOTN TWV XOPTWV EVVOIWV

MovTtéAa aAAayng oupTrepipopas (NEP-New Environmental Paradigm, Pro-
environmental behavior, Theory of Planned Behavior)
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TL elvall N pawvopevoypadpla

Eivar  upia  egpeuvnmiky  MEBODOC  aATTOTUTTWONG  TWV  TTOIOTIKA
OIO@OPETIKWY TPOTTWV HUE TOUC OTTOIOUGC Ol  AvOpPWTTOI
avTiAauBavovTal, diagopPwvouv Evvolieg (conceptualize), katavoouv
KOl ATTOKTOUV ENTTEPIA YIa DlIAPOopa PAIVOUEVA TOU KOOHOU TTOU TOUG
TTEPIBAAAEI

EvOlagpEpeTal yia TIC OXEOEIC AVAPECA OTA AVOPWTTIVA OVTA KAl TOV
KOOMO YUPW TOUG

2 KOTTOG TNG €ival N KAOTAOKEUN £VOG OOMIKOU TTAAICIOU JECA OTO
OTTOIO Ol DIAPOPEG KATNYOPIEG KATAVONONG UTTAPXOUV

['10 TO OKOTTO QUTO XPNOIUOTTOIOUVTAl EPWTHOEIS AVOIKTOU TUTTOU

(Marton, F. 2001)



MNapadeypa Epevvoc...

EpeuvnTikOé EpyaAcio

AVOIKTOU TUTTOU £pwTnON: «T1 VOUI{eIg OTI €ival n BIWOIUN AVATITUSN»
'H

TI onuaivel yia o€va 0 6po¢ «BIWCIPN AVATTTUSN»

Acgiypa
N=113 @oITnNTEC/TPIEC PUOIKWYV ETTIOTNPWYV (Students science teachers)

M=39%, F=61%

(Kilinc & Aydin 2011)



Tponoc avaAvonc...|

Analyses of Data

After collection of the completed compositions, the responses were typed into Excel
and then printed out. The transcripts of these responses were exposed to phenomeno-
graphic analysis using ‘mind maps’ by the authors. In this analysis, we adopted the
approach of Dahlgren and Fallsberg (1991). The first stage was that of famzharisation.

At this stage, the transcriptions were read and listed. The second stage entailed the

compilation J)f all respondents’ answers to the main open-ended question (What 1is

the meaning of SD?). The main task here was to show the most significant elements
of each participant’s answer. The third stage was the|condensation pf the answers as
intended to locate the central parts of the longer answers. At this stage, a preliminary
classification of descriptions was developed. The fifth stage was a preliminary compari-

son pf the categories of descriptions. Some revisions to the categories were made at this

stage. The final stage was th¢ namung pf the categories of descriptions.




Tponoc avaAvonc...ll

Once the analysis was completed, the|mind maps |showing different group of

descriptions and their linkages with the main theme (SD) were prepared by the two
authors [independently.| Afterwards, the authors discussed the categories, and then

overlapping categories \}/ere determined. As a result of these discussions, minor

changes were made to some categories. In addition, these mind maps were explained
to two experts in the educational sciences, who were asked to place each description
into a suitable position on the mind maps. According to these placements, we slightly
changed the original maps and attained final versions.



A. Kilinc and A. Aydin

Sample composition (participant 3) Sample mind map

Energy transformations

Transformation and conveyance are important. yd
|
For instance, one energy type can be e

transformed into another type; as such, it will Energy

not run out but instead will be sustainable. For —

example, wind energy can be transferred into Ve

SD

electricity

Figure 1. A sample of the phenomenographic analysis conducted in the present study
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MNapadeypa Epevvoc...

TiTAog:

«The Draw-An-Environment Test Rubric (DAET-R):
exploring pre-service teachers’ mental models of

the environment»
EpeuvNTIKEG EPWTNOELC:

* «Eivat to DAET-R éva Eykupo gpyalcio yia tnv aéloAoynon twv vontikwv UOVTEAWV
untoynpiwv dackaAwv yia to neptBaAiov;»

 «llowa eival ta vontika HUOVTEAa mou Exouv umoyn@lol eKMALOEVUTIKOL yla TO
neptBaAiov;»

Moseley, C., Desjean-Perrotta, B., and Utley, J.2010



MNapadeypa Epevvoc...

EpyaAcia

« Draw-An-Environment Test (DAET)

* Avamtuxonke kAgida yia tnv PabuoAdynon/aciohdynon (scoring) Tou
TEOT, ME OKOTTO TNV TrOIOTIKA avAAUCT TwWV OEOOUEVWV.

Acgiypa
« N=118 mrpoTtrTuxiakoi QoITNTEC/TPIEC TTPOOXOAIKAC aywyn¢ (Nntmaywyeio
— 4" 14¢n) amd HINA

MéBodog
* AvaAUuBnkav ¢exwploTd Ta €TTECNYNMATIKA Keipeva atrd TIC {wypaiég (2

Moseley, C., Desjean-Perrotta, B., and Utley, J.2010



206 C. Moseley et al.

Appendix A. Draw an Environment Test (DAET)

Date: ID#

In the space below draw a picture of what you think the environment is. Below that, please
provide your definition of the environment (in words).

My drawing of the environment is:

My definition of the environment is:



AvaAvon

KaBe epeuvntnc xpnotuornoinoe tic idlec odnyiec BabpoAdynong ko
BaBoAoynoe Eexwplota Tig (wypadLeC

OAec ol KWOLKOTIOLNOELS E€ETAOTNKAV ATTO HLLa OpAd A ELOIKWY WOTE val
ocuudwvrnoouv omou untnpxav dtadopsec (avtn ivar n Baoikn tdéa n
ontoia Exet moAAéc napaAaysg...)

[.x.

e KAVOULE HEPLKA OTTO KOLVOU KOl PETA EEXWPTLOTA TOL UTTOAOLTTAL KOLL LETAL
BAEmoupue TIc dLadopEg,

* 'Hta KAVEL O £vac Kol LETA TTAPVOUE TuXala eva delypa oo auta Kol
TOL OVAAUEL Evag 2°6 KTA



AvaAvon

Table 1. Pearson’s product—moment[correlations among all three scorers]on the factors and
overall rubric.

Factor Scorer 1 with Scorer 2  Scorer 1 with Scorer 3 Scorer 2 with Scorer 3
Human 93%* 86* 88*
Living A6F 83%* T1F
Abiotic T8* J4F .68%
Built or designed 92%* 81* AT*
Overall 92% .89* 86*

Note: * p <0.01.



Appendix B. Draw an Environment Test — Rubric (DAET-R)

Date: [D#:
~ >

Factor Present Interactions with other factors System interactions made explicit Score
0 Points 1 Point 2 Points 3 Points

Human Drawing does Human(s) drawn without Human(s) drawn interacting with other  Humans drawn with obvious deliberate
not contain  anyapparent interaction  humans and/or another factor (e.g., emphasis placed on interaction with one or
pictures of  with other factors. human fishing or walking on a bridge), ~ more factors and the influence of that
humans. but without special emphasis placed on  interaction on the environment through the

the influence of the interaction on the ~  use of special indicators such as conceptual
environment. labels and/or arrows.

Living Drawing does Living organisms (e.g.,  Living organisms drawn interacting with Living organisms drawn with obvious
not contain  plants and animals) other living organisms and/or another ~ deliberate emphasis placed on interaction
pictures of  drawn without any factor (e.g., animals grazing), but with one or more factors and the influence of
living apparent interaction without special emphasis placed onthe  that interaction on the environment through
organisms.  with other factors. influence of the interaction on the the use of special indicators such as

environment. conceptual labels and/or arrows.

Abiotic Drawing does Abiotic items (e.g., Abiotic items drawn interacting with Abiotic items drawn with obvious deliberate
not contain  mountains, rivers, Sun,  other abiotic items and/or another emphasis placed on interaction with one or
pictures of  or clouds) drawn factor (e.g., wind blowing a palm tree),  more factors and the influence of that
abiotic without any apparent but without special emphasis placed on  interaction on the environment through the
factors. interaction with other the influence of the interaction on the ~  use of special indicators such as conceptual

factors. environment. labels and/or arrows.
¥ Human Drawing does Human built or designed Human built items drawn interacting with Human built items drawn with obvious
built or not contain  items (e.g., buildings, other human built items and/or another  deliberate emphasis placed on interaction
designed  pictures of  automobiles, and factor (e.g., smokestack emitting with one or more factors and the influence of

human built
factors.

bridges) drawn without
any apparent interaction
with other factors.

smoke into the air), but without special
empbhasis placed on the influence of the
interaction on the environment.

that interaction on the environment through
the use of special indicators such as
conceptual labels and/or arrows.

Total possible points:|l2 Total points |




AnoteAeopata |

Table 2. Participants and per cent of factors included in drawings.

Human Living Abiotic Built
Points on No. of No. of No. of No. of
rubric participants %  participants %  participants %  participants %
0 71 59.6 20 16.8 43 36 27 22.7
I 37 31.1 78 66.4 70 57 73 62.2
2 5 4.2 15 12.6 2 1.7 7 5.9
3 6 5.0 5 4.2 3 4.2 11 9.2




AmoteAeopata |l

Table 3. Per cent of total scores.

No. of participants % of total
Total points  Category (n=118) (n=118)

Factor present 04 79.7%

| Factor interacting with one other factor | 21 17.8%
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2NMEIWTIKA avaAuon |

H onuelwTikn opieTal wg €vag ETTIOTNUOVIKOG KAAOOG, TTOU AVAPEPETA
OTNn MEAETN KAl OTNV AVAAUCN TWV CUCTNMATWY ONUEIWV KAl TWV
OXEOEWV METACU TOUG. AVTIKEIJEVA HEAETNG TNG ONUEIWTIKAG OUVIOTOUV
AECEIC, EIKOVEC, NXOI, XEIPOVOMIES, TTPAKTIKEC KOl avTIKEiueva. H
ONMEIWTIKA WS NEBODOG avaAuong TTPOCdIoPICEl UIa ONUEIOKA
ouvapTnon Kai TNV TUTTOAoYia Twv TPOTTWYV TTAPAYWYNS ONMUEIWV.

O mTpwTOC £TTIONNOG KABOPIOPOGS TNES £VvOIAC Kal N OVOUOOoia TNG
Bewpiac avrikel otov Ferdinand de Saussure (1916). 2Uugpwva ue
TOV Saussure yia TouG avaAUTIKOUG OKOTTOUG TNG ONMEIWTIKAG KABE
onueio arroteAgital atrd Eva onpaivov (signifier), Trou ival n popen
TTOU TTAiPVEI TO OHUa Kal €va onpaivouevo (signified), To otroio
QTTOTEAEI TNV £vvola TTOU AVATTAPIOTA. ZNMEPA, TO ONUAiVoV
EPMNVEUETAI KOIVWG WG N UAIKN 1) QUOIKN JOP®r) TOU anueEiou,
TTPOKEITAI ONAQDN yIa KATI ATTTO. ATTO TNV GAAN, TO ONUAIVOUEVO Eival
MO VONTIKI KATAOKEUN, Apa Ocv TTPOKEITAI YIa UAIKO avTikeipevo (Mick,
1986).



2 NMEIWTIKA avaAuon Il

H £peuva JEAETA TNV ENPAVION XAPAKTNPIOTIKWY OTIC TPEIG DIAPOPETIKEG (LVEG TOU
KEIMEVOU: aploTepd — Oedia (left — right), TTdvw — kaTw (top — bottom), kévrpo —
mePIOwpIo (centre — margin ).

- H {wvn apiotepd — O8I KaBopilel pia oxéon 0edopEVwY (given) Kal VEWV (new)
OTOIXEiWV, aVTioTOIXA.

- O,11 BpiokeTal oTa APICTEPA TNC €IKOVAC BewpeiTal auTovOonTo Kal OIKEIO OTO BeaTH,
KaBw¢ auTdg gival 0 TPOTTOC NECW TOU OTTOIOU £XOUME TEIVOUNE va dIaBAlOUE TIG
EIKOVEC O€ KOIVWVIEC UE APIOTEPOCTPOPA CUCTAMATA YPAPNC.

- 0O, 11 BpiokeTal oTa BEEIA TNC EIKOVOC BEWPEITAI VEQ KOl ONUAVTIKI TTANPOQOoPIa, KaBwg
TTAPATNPEEITAI APYOTEPQ.

- H dwvn TTavw-KAaTw uttodnAwvel pia oxéon 10avikng (ideal) Evavti TTpayuaTikig (real)
KAtaoTaong, avTioToIxa.

- 2TOIXEia TTOU TOTTOBETOUVTAI OTNV KOPUPR TNG EIKOVAG AVTITTPOCWTTEUOUV TOV KOO0
TWV ETTOUPIWY KAl TWV TTPOCDOOKIWY HAG,

- 2ToIX€ia TTou TOTTOOETOUVTAI OTO KATW MEPOC TNG EIKOVAS AVTITIPOCOWTTEUOUV O,TI
OuMBaivel OTOV TTPAYUATIKO KOGO.

H {wvn kKévtpo — TTEPIBWPIO:
- O, gival ToTroBeTNEVO OTO KEVTPO Bewpeital Baoikr TTANpogopia
- O,11 1€6¢i oTO TTEPIBWPIO BEWPEITAI WC TTEPIPEPEIAKO KAI AIYOTEPO ONUAVTIKO



2NMEIWTIKA avaAuon Il

2 UVETTWG Kal oUh@wva pe Toug Kress and Leeuwen (1996):

2ToV opI1OoVvTIO Agova (Oséia — apioTepq)

- To 0edopEVO — APIOTEPA - ONUAivel OTI N EVvoIa TTAPOUCIAZETAl WG KATI
YVWOTO, OIKEIO, CUNPWVNMUEVO.

- - To véo - O€&IA - onuaivel KATI OTO OTTOIO 0 BeATAC TTPETTEN va DEIEEl
1I01QiTEPN TTPOCOXN.

2TOV KATOKOPUPO dova (mavw — Karw)

To 1I0aVIKO - KOPpU®@N - €ival N UTTOOXEDN, N OUYKIVNTIKI €KKANON, MIO
YEVIKEUUEVN OUadia.

To TTPAYMATIKO - KATW - ONUAIVEI TTPAKTIKA, KATW OTN YN, OUYKEKPIPEVEG
TTANPOPOPIEC.



2 NMEIWTIKA avaAuon IV

H doun €ivai €iTe:

KevTpapiopévn (centered) TrepIBwpPIO — KEVTPO — TTEPIBWPIO, OTTOU TO
KEVTPO Eival O TTUPNVAG TWV TTANPOPOPIWY OTOV OTTOI0 UTTOTACOOVTAI T
TEPIBWPIA,

EiTe:
TTOAWMEVN (polarized) oTnv otroia TO KEVTPO AEITOUPYEi WS HECOAARBNTAS
METALU TOU OEQOUEVOU KOl TOU VEOU 1) TOU 1I0AVIKOU KAl TOU TTPAYMATIKOU.

TENOG, N emIopavon - salience - dnuIoUpPYEi PIa 1IEpapXia ONUAVTIKOTNTOC
METACU TwV OTOIXEiWwV. H €monuavon Ytropei va emTeuxOei pe 1o pEyebog,
TNV EUKPIVEIQ TNG E0TIAONG, TV TOVIKA/XPWHATIKA avTiOEon, TNV TTPOOTITIKI,
TNV ETMKAAUYN KABWC Kal HEOW TTOAITIOMIKWY TTAPAYOVTWV.



2NMEIWTIKA avaAuon V

Ooov apopd Tn B€on TOU IXVOoypa@RHATOS 0TO QUAAO, TO OTTOI0 XWwpPileTal UE
TN BonBeia evog opilovTiou Agova Kal evOg KABeTou acova o€ 4 yEpn, UTTAPXEI N
£CNC epunveia:

- H {wvn ToU TTAVW HEPOUG cival N {wvn TS GAVTACIAC, TWV OVEIPOTTOAWY, TWV
10eaAIoTWYV. Eival 0 KOOPOG TNG TTVEUNATIKOTNTAG.

- Navw apioTepd cival n {wvn TNG TTAONTIKOTATACS Kal TNS (WG (dExeTal TN dwn
WG aTTAGC BeaTn ).

- Navw d&&1a cival n dwvn TG dpaoTnPIOTNTAG (TTaAeUEl yia Tn (wN).

H wvn Tou KATW pEPOUG cival N Wwvn TWV APXEYOVWY EVOTIKTWY TNG dI1aTPNONG
NS (wNg, N wvn TTPOTIKNONG TWV KOUPACHEVWY, TWV KATATTIECHUEVWYV KAl TWV
TTAB0AOYIKA VEUPWTIKWV.

To KATW PNEPOC OUVOEETAI, ETTIONG, ME TNV KOBNuEePIV dwn.

- Katw apioTepd cival n {wvn TOU LEKIVIIUATOC TWV TTPWTWV Xpovwy TnS wng,

- KaTtw 0£&1a gival n yn Kal ol CUYKPOUOEIG.

- H apioTtepn dwvn €ival autry Tou TTapeABOvVTOC Kal Ta TTaidid yupilouv otnv
TTaIdIKA TOUG NAIKIa.
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Table 1. Levels of sustainable cities’ indices and their link with drawing elements

1t level 20d Jevel 3rd Jevel Elements on drawings
Environment Natural environment  Sky Sky / sun
(Spiekermann Animals Wild/non-domestic animals, domestic animals
and Wegener Plants Trees, bushes, flowers
2003; Mountains Mountains
Hernanilex- Water resources Lakes, rivers
Moreno and De ; 5 : = ;
ivos: Waste management Generation of municipal solid waste Any municipal solid waste (e.g., cans, paper packs)
Martinez 201 0; (Xiao, Xue and Woeizel,
Shen et al. 2019)
2011) Wastes Garbage bins
Recycling and use of waste Any indication of recycling
Generation of hazardous waste Any hazardous waste
Management Garbage trucks, employee(s) in waste management
Pollution  Air pollution Chimneys, gases from transport
Soil pollution Pesticides, sewage, industrial waste
Water pollution Industrial waste, pesticides, affected animals, sewage
Industrial pollution Any kind of waste emitted by industry plans
Noise pollution From transportation means
Smell pollution From transportation means
Energy consumption Renewable energy sources Photovoltaic cells, solar water heater, solar systems,
wind turbines
Non-renewable energy usage Oil, natural gas, gasoline
Electricity Electricity wires, pylons of power transportation
Economy Buildings / hous»ing  Ecological houses, abandoned housing, detached houses, The same as the 3 level
(Spiekermann apartments, skyscrapers
and Wegener
2003; Local Development  Agriculture, livestock, fishing, industries The same as the 3 level
Hernandez-
Moreno and De
Hoyos-
Martinez 2010;
Shen et al.
2011)
Society Infrastructure, Services and Hospitals, social security or health care buildings, The same as the 3% level
(Spiekermann Urban Equipment  schools/educational institutions, cultural institutes,
and Wegener swimming pools, workplaces, recreation sites, restaurant/
2003; fast-food, hotels, markets/ shopping centres, open
Hernandez- markets, public services, churches, cemeteries, public
Moreno and De safety, sport centres/fields, parks, gardens, playgrounds,
Hoyos- roads, parking spaces, pedestrian areas, bike lanes, signs,
Martinez 2010; traffic lights
Shen et al. Transportation Buses, trucks, trains, bicycles, motorbikes, private cars, The same as the 3 level
2011) airplanes, boats, helicopters, spaceships, balloon, taxis

Indices of levels 1-3 were defined through literature review as constituent parts of all aspects of sustainability.
Indices of level 4 were developed and elaborated mostly during the pilot study as a link between literature and actual students' drawings.



of sustainable cities’ indices and their link with drawing elements

1* level 2™ level 3 level Elements on drawings
Environment l Natural environment JSky Sky / sun
(Spiekermann Animals Wild/non-domestic animals, domestic animals
and Wegener Plants Trees, bushes, flowers
2003; Mountains Mountains
Hernandez- Water resources Lakes, rivers
Movena ‘;;d D.e Waste management [Generation of municipal solid waste Any municipal solid waste (e.g., cans, paper packs)
W+ (Xiao, Xue and Woetzel,
Martinez 2010; 2010)
Shen et al.
2011) Wastes Garbage bins

Recycling and use of waste Any indication of recycling
Generation of hazardous waste Any hazardous waste

\ Garbage trucks, employee(s) in waste management

[ Pollution [Air pollution Chimneys, gases from transport

Soil pollution Pesticides, sewage, industrial waste
Water pollution Industrial waste, pesticides, affected animals, sewage
Industrial pollution Any kind of waste emitted by industry plans
Noise pollution From transportation means

\Smell pollution From transportation means

[ Energy consumption |[Renewable energy sources

Non-renewable energy usage

Electricity

AT Tn BiBAloypagia

otovoltaic cells, solar water heater, solar systems,
wind turbines
Oil, natural gas, gasoline

Electricity wires, pylons of power transportation

ATTO Ta oX£DIA
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Table 2. Frequency of urban environment characteristics and percentages of children expressing them

Total 4
Indices Present Future Present Future Present Future
Environment 74.1%" (1080°) 72.1% (1017) 68.0% (423) 70.0% (404) 79.6% (657) 74.1% (613)
Natural Environment ' 65.4% (622) 66.4% (958) 64.0% (340) 60.0% (374) 66.7% (282) 72.2% (584°"F)
Sky and sun © 18.3% (20) 27.9% (29) 14.0% (8) 20.0% (10) 22.2% (12) 35.2%""F (19)
Animals 12.5% (37) 19.2% (71) 12.0% (20) 14.0% (17) 12.9% (17) 24.1% (54°"-F, "ach-behy
Wastes and management ? 15.4% (280" F) 12.5% (34) 12.0% (47) 8.0% (11) 18.5% (233'"F) 16.7% (23)
Generation of wastes 13.5%"™" (238) 2.9%(7) 10.0% (34) 4.0% (6) 16.7%"™7 (204) 1.9% (1)
Pollution * 25%""F (178°°F)  10.6% (25) 18.0% (36) 16.0% (19) 31.5%"™F (142°7F) 5.6% (6)
Air 24.1%"F (168"7F) 10.6% (25) 16.0% (28) 16.0% (19) 31.5%"""F (140°"F) 5.6% (6)
Energy . - - - X -
Economy 59.6% (602) 62.5% (676) 56.0% (273) 72.0%" 40518 *P-F (4]12) 63.9% <415 *IF (329) 53.7% (264)
Buildings * 58.7% (586) 62.5% (675) 54.0% (271) 72.0%" 46t *P-F (4] 2) 62.9% =48 *P-F (3] 5) 53.7% (263)
Single houses 38.5% (465) 46.2% (480) 36.0% (244) 50.0%"F (209) 40.7%" == (221) 42.6% (236" 4-6k)
Apartments 29.8% (121) 25.0% (195) 24.0% (27) 34.0%"*5* (168) 35.2%"™T (94) 16.7% (27)
Local development * 7.7%""F (16) 0.9% (1) 4.0% (2) 0% (0) 11.1% 468 *P-F (14) 1.9% (1)
Society 90.4%""F (527) 80.8% (503) 94.0% "% (180)  78.0% (194) 87.1% (347" 460y 83.3% (309)
Infrastructure © 85.6%"™7 (377) 74.0% (314) 92.0%'"7 (114)  66.0% (135) 79.6% (263" Hi-61k) 81.5%" =5 (179)
Roads 60.6%" ™ (135) 46.1% (110) 66.0% (42) 46.0% (52°7F) 55.6% (93" h-ieh) 46.3% (58)
Parks and playgrounds 33.7% (42) 34.6% (53) 20.0% (13) 24.0% (16) 46.3%"4"4" (29) 44.4% (37)
Sports centres 25.9% (37) 18.3% (32) 26.0%""F (20) 10.0% (8) 25.9% (17) 25.9%" =45 (24)
Educational Institutions 249%™ (27) 13.5% (4) 16.0% (8) 8.0% (4) 35.2%'"F d-64 (19) 18.5% (10)
Religious places 17.3%""¥ (18) 7.7% (8) 18.0% (9) 12.0% (6) 16.7%""* (9) 3.7% (2)
Stores 16.4% (38) 9.6% (28) 8.0% (8) 14.0% (23) 24,1%""F et (3)) 5.6% (5)
Public services 16.4%"'7T (19) 3.9% (4) 6.0% (3) - 25.99% T it (16) 7.4% (4)
Pavements 4.8% (25) 7.7% (17) 2.0% (1) 8.0% (13"4h-6shy 7.4% (24) 7.4% (4)
Traffic management 5.8% (9) 3.9% (7) - 2.0% (1) 11.1%0°4%-4h (g6 5.6% (6)
Parking places 1.9% (3) 5.8% (8) 2.0% (2) 4.0% (2) 1.9% (1) 7.4% (4" Etk)
Bike lanes - 7.7%'"F (15) - 2.0% (1) B 12.9%""T. 4i-6th (14)
Transportation ’ 50.9% (150) 49.1% (189) 52.0% (66) 50.0% (59) 50% (84) 48.2% (130)
Bikes 3.8% (4) 13.5%""F (70) - 4.0% (2) 7.4% (4) 2229 T ot (6R)

* Percentage (%) of students expressing the particular characteristic. Significant differences based

on Mann-Whitney.

» Absolute number of appearance of the particular characteristic. Significant differences based on
Mann-Whitney, Wilcoxon and McNemar test.
< From the 3rd level of indices only those where significant differences were detected are

presented.
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Level A: Analysis of System Components

Characteristic # 1: Identifying components and processes in the human body system.
Characterizing system thinking at the components and processes level requires the
following steps:

a)

b)
)

d)

g)

Selecting a suitable characteristic into which all the concepts written by the population
may be pooled. In this study we chose ‘hierarchy in nature.’

Dividing this ‘master-characteristic’ into the categories—‘Structure’ and ‘Process’
Further dividing each of these into the sub-categories of ‘Microscopic’ and
‘Macroscopic’ levels.

Sorting the concepts written by the students into each of the categories now present
under the master-characteristic ‘hierarchy in nature.’

Counting all of the concepts provided by the population to arrive at an overall amount
of concepts.

Counting the number of concepts in each category.

Calculating distributions for the estimation of the students’ relative ability to represent
system components vs. system processes.

(Assaraf, O. B.-Z., Dodick, J., & Tripto, J., 2011



Level B: Synthesis of System Components

Characteristic # 2: Identifying simple relationships between system components. Evidence in
concepts maps of relationships between system components can be gathered by identifying
both the concepts in the students’ body of knowledge, and the manner of their organization
into meaningful connections. To do this one must:

a) Analyze the connections and translate them into statements.
b) Identify statements that address relationships between components, i.e. statements that
address the effect of element ‘X’ upon element ‘y’.

Characteristic # 3: Identifying dynamic relationships in systems. This ability can be
measured by the examination of the connection a student has formed between two concepts.

a) Analyze connections and translate them into statements.
b) Identify statements that express dynamism—i.e. statements in which the student refers
to the transmission of a certain substance within the human body system.

Characteristic # 4: Organizing components and processes within a framework of relation-
ships. Students’ ability to connect a single component to a large number of other components
can be assessed by examining the number of junctions on their concept map. A ‘junction’ is a
concept that has connections to at least three other concepts on the map. The number of
junctions students mark between their concepts provides insight into the level of knowledge
integration they have undergone. For this reason, the junctions in each map are to be counted.

(Assaraf, O. B.-Z., Dodick, J., & Tripto, J., 2011
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Comparison of Two Concept-Mapping Techniques:
Implications for Scoring, Interpretation, and Use

Yue Yin, Jim Vanides, Maria Araceli Ruiz-Primo, Carlos C. Ayala, Richard J. Shavelson

School of Education, 485 Lasuen Mall, Stanford University, Stanford, California 94305-3096

Received 12 May 2003; Accepted § June 2004

Abstract: We examine the equivalence of two construct-a-concept-map techniques: construct-a-map
with created linking phrases (C), and construct-a-map with selected linking phrases (S). The former places
few constraints on the respondent and has been considered the gold standard; the latter is cost and time
efficient. Both their products and processes are compared quantitatively and qualitatively as to total
accuracy score, individual proposition scores, proposition choice, map structure complexity, proposition
generation rate, and proposition generation procedures. We conclude that the two mapping techniques are
not equivalent: The C technique is better than the S technique in capturing students’ partial knowledge, even
though the S can be scored more efficiently than C. Based on their characteristics, if used as an assessment
tool, the C technique is more suitable for formative assessment while the S technique is a better fit for large-
scale assessments. © 2005 Wiley Periodicals, Inc. J Res Sci Teach 42: 166184, 2005
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Table 2 NEP items with frequency, mean, and standard deviation of responses

NEP facets Scale items Responses (%)° Mean SD
A D U
Reality of limits to We are approaching the limit of the number of  27.3 459 268 2.66 1.22
growth people the earth can support
The earth has plenty of natural resources if we  91.8 54 28 155 092
just learn how to develop them®
The earth has only limited room and resources 29 57.8 132 250 1.26
Anti- Humans have a right to modify the natural 743 192 65 228 1.18
anthropocentrism  environment to suit their needs®
Humans were meant to rule over the rest of the 79 13 8 203 1.11
nature®
Plants and animals do not have equal rights as 37 52 11 276 1.41
humans to exist®
Fragility of When humans interfere with nature, it often 64 23 14 354 1.14
nature’s balance produces disastrous consequences
The balance of nature is strong enough to cope 32 39 29 3.08 1.10
with the impacts of modern industrial
development™®
The balance of nature is very delicate and easily 62 14 24 357 1.02
upset
Rejection of Human intelligence will ensure that we don’t 46 23 31 285 120
exceptionalism make the earth unlivable®®
Despite our special abilities, humans are still 89 7 -+ 4.14 093
subject to the laws of nature
Humans will eventually learn enough about how 639 174 18.6 243 1.11
nature works to be able to control it”
Possibility of an Humans are severely abusing the environment 784 149 7.6 381 1.08
FCO-CIASTS Human destruction of the environment has been 48.2 333 185 3.18 1.21
greatly exaggerated®
If things continue going as they presently are, we 74.2 12.1 13.7 3.89 1.08
will soon experience a major ecological
disaster”
Overall index 4427 5.18
Mean total NEP score 295 035

vioditied to 1mprove comprehensibility

€ A agree, D disagree, U undecided

1 = strongly disagree

2 = disagree
3 = not sure
4 = agree

5 = strongly agree

Ogunbode, C. (2013).
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Themes

Items about the
Believed Usefulness of Action

Items about the
Degree of Willingness to Act

Direct actions

Transport If people didn’t use their cars so much, global Even if it took me longer and was more

(use) warming would be reduced inconvenient, | would try to use buses and trains
instead of a car

Transport If people had smaller cars that used less petrol or | Even if it was not as fast or luxurious, I would

(type) diesel, global warming would be reduced try to get a car that uses less petrol or diesel

Power generation If more of our energy was produced from the Providing more of our energy was produced

(renewable) wind, waves and sun, global warming would be | from the wind and waves and sun, I would be

reduced

willing to pay more for electricity

Power generation

If more of our energy was produced from

Providing more of our energy was produced

(nuclear) nuclear power stations, global warming would from nuclear power stations, | would be willing
be reduced to pay more for electricity

The home If people used less electricity in their homes, To save electricity, [ would switch things off at

(electricity use) global warming would be reduced home when 1 didn't need them

The home If people got their homes insulated better, global | Even though it cost me money, [ would get extra

(insulation) warming would be reduced insulation for my home

The home If people got things for their homes (like fridges | Even if it cost me more, | would buy things for

(consumer durables) | and washing machines) that used less energy, my home (like fridges and washing machines)
global warming would be reduced that use less energy

The home If people were prepared to buy fewer new things | Even if it meant that I didn’t always have the

(consumables) and make do with the old ones, global warming | latest *gear” or fashion, | would be prepared to

would be reduced

buy new things less often

Environmentally-

If more trees were planted in the world, global

Even if I had to pay more taxes, I think there

friendly warming would be reduced should be more trees planted in the world
(trees)

Environmentally- If people recycled things more, global warming Even if it was more trouble for me, I would
friendly would be reduced recycle things rather than just throw them away
(recycle)

Food If people eat less meat, global warming would Even if I really liked meat, | would eat fewer

(Reducing meat)

be reduced

meals with meat in them

Food

If farmers stopped using artificial fertilisers with

Even if it was more expensive, | would buy food

(Reducing artificial | nitrogen in them, global warming would be grown without the use of artificial fertilisers
fertilizers) reduced
Indirect actions

Environmental
legislation

If politicians made the right kind of new laws,
global warming would be reduced

I would vote for a politician who said they
would bring in laws to reduce global warming,
even though it would stop me doing some of the
things [ enjoy

Environmental
taxation

If politicians made people pay more tax and
spent the money on the right kind of things,
global warming would be reduced

I would vote for a politician who said they
would increase taxes to pay for reducing global
warming, even though it meant me having less
money to spend

Environmental

If people were taught more about it, global

1 would like to learn more about global

education warming would be reduced warming, even though it would mean extra work
for me

Environmental If there could be more agreement between Even though it might mean some inconvenience

international different countries about not putting certain to me (like changing my job), I would vote for a

cooperation gases into the air, global warming would be politician who said they would sign agreements

reduced

with other countries on global warming

Figure 2. Wording of the questionnaire items.
Note: The items of the questionnaire are displayed so that the ‘pairing’ of the items can be seen. In
the actual questionnaire, the items were in random order, and paired items were in different orders

in the two main sections.

Boyes, Edward, and Martin Stanisstreet.
“Environmental Education for Behaviour
Change: Which Actions Should Be
Targeted?” International Journal of
Science Education 34, no. 10 (July
2012): 1591-1614.
doi:10.1080/09500693.2011.584079.



Believed Usefulness of Action Score Degree of Willingness to Act Score
If I thought an action would then [ would...
help global warming by...

by quite a lot 1.00 definitely do it 1.00
by a fair amount 0.75 almost certainly do it 0.75
by a small but useful amount 0.50 probably do it 0.50
by a very small amount — hardly noticeable 0.25 perhaps do it 0.25
by nothing at all really 0.00 probably not do it 0.00

Figure 3. Wording of the permissible responses to the two sets of items.

Note: The wording of the permissible responses is displayed ‘matched’. This ‘matching’ suggests the

minimum action (‘then I would’) that might reasonably be expected for a given belief about the

usefulness of that action. The figures show the scores assigned to the different responses; these
enabled various coefficients to be constructed.

Boyes & Stanisstreet (2012)



Definitely
Natural
Reluctance
to Act Y

Degree of
Willingness

to Act

Natural
I Willingness
Probably | j toAct
not Y
Nothing at all Quite a lot

Believed Usefulness of Action

Figure 4. Annotated graph to show relationship between the Degree of Willingness to Act and the

Believed Usefulness of Action

Boyes & Stanisstreet (2012)
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Post-Examination and
Pre-Examination Questionnaire Survey
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Fig. 1. Experimental design processes of two control groups and experimental group.



Table 1

The teaching goals and learning contents for the three experimental groups.

Learning
objects

Teaching goals

Learning contents

Object 1

Object 2

Object 3

Let students know that the use of natural resources can improve
quality of life but also destroys the natural landscape and brings
about environmental pollution at the same time.

Let students learn the concept of resource recovery
so they can form habits of resource recovery and classification.

Let students understand that the earth’s resources are limited.
In addition to classifying resources, encourage them to defend
their beautiful home with concrete action.

1. Animals and plants offer a source of food to people, and energy

and minerals supply food, clothing, transportation, etc.
for people’s daily lives.

. Natural resources are not abundant and overuse will exhaust them.
1. Realizing rubbish decrement and resource recovery so it

can be utilized again

. Realizing the signs of resource recovery, the items of classification

and the channel of resource recovery.

1. Exploring why there are environmental problems produced and

how to reduce these problems.

. Teaching students how to become green consumers and

discussing the green consumption principle.
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Fig. 3. The procedures of the WebQuest experiments in two groups.



1. Evaluation of whether the website content and learning activity of WebQuest
satisfied the participants’ needs

2. Examining whether the usage of computers and e-learning captured the
participants’ attention and enhanced their learning interest.

(5-point Likert scale was used to from “1” being “strongly disagree” to “5” being “strongly agree”)

3. 3 rating scales used as the performance indicators to evaluate the participants’
performance in three tasks, as depicted in Table 2. These indicators,
revealed:

3.1. results of students’ learning

3.2. processes in each task, were regarded as their learning portfolios and

3.3. their participating levels.

(“1” being “very poor” to “5” being “very good”)

Table 2
The performance indicators for rating scales.
Rating scales Performance indicators Description
Rating for learning The appearance of content (100%) To evaluate the level of the learning sheet, this study estimated the content
sheet(total score: 25) of the learning sheet because each group only answered some of the questions
by searching for the information on the WebQuest website.
Rating for The appearance of content (40%) To evaluate the level of the briefing, this study estimated it based on three performance
briefing(total score: 50) The skill of design indicators because the briefing was an individual learning activity and each student
and completion (30%) differed in his/her ability to collect and arrange information, design and refine the
The presentation PowerPoint, and present the oral report.
of oral report (30%)
Rating for website The appearance of content (60%) To evaluate the level of the website, this study estimated it from two indicators
fabrication(total score: 50) The skill of design because the briefing was an individual learning activity and each student differed

and completion (40%) in his/her ability to collect and arrange the information, and design and refine the website.




Table 3

ANCOVA results for assessment of post-examination achievement.

Teaching strategies Number of students Estimated marginal mean SD F-Value (p-value) Pairwise comparison
WebQuest with Outdoor Instruction 35 72.346 1.294 22.764* (.000) (1) > (3¢

(2) >3y
WebQuest with Traditional Instruction 34 67.930 1.316
Traditional Instruction 34 60.006 1312

* *p < .05, **p < .01, ***p < .001.

Table 4

The T-test results of the performance indicators of different tasks.

Rating scales Performance indicators Groups Mean SD T-Value (p-value)
Rating for Learning Sheet The appearance of content Exp 18.29 1.775 2.106* (.040)
Sec 17.06 2.912
Rating for Briefing The appearance of content Exp 10.60 3.574 .658 (.513)
Sec 10.89 2.832
The skill of design and completion Exp 8.91 2.811 .859 (.393)
Sec 8.38 2.296
The presentation of oral report Exp 8.83 2.905 348 (.729)
Sec 8.62 2.074
Rating for Website Fabrication The appearance of the content Exp 14.00 5.83 155 (.877)
Sec 13.79 5.139
The skill of design and completion Exp 10.03 3.585 .653 (.516)
Sec 9.50 3.116

* *p < .05, **p < .01, ***p < .001.
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