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  5Es model for inquiry based approach    

  elaborate phase     125–7  ,   133  ,   134  

  engage phase     113–17  ,   133  

  evaluate phase     127–9  ,   134  

  explain phase     124–5  ,   133  

  explore phase     117–23  ,   133  

  phases in     112  

  positive evaluation of     131     

  Ancestral Core     274  

  animals, children’s criteria for     32–5  

  anthropocentric approach     56  

  ants, inquiry-based approach to learning about   

  149–56  ,   160–9  

  assessment    

  in conceptual change teaching approach     211  

  in cultural–historical approach     238  

  in discovery-based learning     97–8  

  in inquiry-based learning     180–3  

  in inquiry-based teaching     134–5  

  planning approach to     302  

  in transmission approach     75   

  Australian Curriculum – Science     4  ,   11–12    

  batteries     196  ,   197  

  bees     262  

  being, ways of     275  

  ‘big science ideas’, focus on     19  

  biography-driven instruction (BDI) approach     18  

  biological sciences, content knowledge for 

teachers     166–9  

  birds, investigation by Year 4 children     268–71  

  Birth to Preschool group: inquiry based 

teaching    

  barriers to     138–9  

  enablers for     136–8  

  studying living things case example     139–43   

  book displays     223  

  border-crossing in science education     50–2  

  bread making    

  engage phase     113–17  

  evaluation phase     127–9  

  explain phase     124–5  

  exploration phase     117–23  

  relevant activities or learning experiences   

  116–17  ,   119–23  

  relevant scienti� c understandings     115  

  research into children’s thinking     113–17  

  role of yeast     119  

  science in     108–11  

  sponge and dough method     118–19     

  Centre for Environmental Education Australia 

(CEE)     280  

  children, as activists     281  

  children’s learning    

  in discovery learning     99  

  in inquiry-based learning     176–7  

  in inquiry-based teaching     131–2  

  supporting new roles and approaches     301  

  in transmission teaching     69   

  children’s understanding     29  

   Citizen Science  program     271–3  

  classi� cation systems     41–2  

  classroom management    

  conceptual change teaching approach     208  

  discovery-based approach to 

learning     96–7  

  inquiry-based approach to learning science   

  177–80  

  in inquiry-based approach to teaching 

science     133–4  

  in transmission approach to teaching     75   

  co-investigators/co-learners, teachers and 

children as     299–300  

  collaboration among students, supporting     15  
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  colonisation     57  

  communal wisdom-in-action for survival of 

group     55  

  competition in ecosystems     263  

  compost bin organisms, inquiry-based teaching 

program     143–5  

  concept formation    

  cultural–historical perspective     42–6  ,   245–9  

  cultural–institutional focus of analysis     44–5  

  interpersonal focus of analysis     44  

  personal focus of analysis     42–3  

  strategies for discovering what children 

think     38–40  

  Vygotsky’s theory of     47  ,   245–7   

  conceptual change    

  nature of     187  

   see also  teaching for conceptual change   

  conceptual play     245  ,   248  ,   292  

  conceptual subjectivity, and knowledge 

construction     245–9  

  conservation of matter     114–15  

  constructivism     186–7  ,   241  ,   292  

  content validity     56  

  contextual subjectivity, and knowledge 

construction     243–5  ,   295–6  

  cooling different substances     231–2  

  Copernicus, Nicholas     239  

  counter-intuitive science     100  

  Country, and ways of knowing, being and 

doing     277–8  

  ‘Creating a sustainable future for education’     281  

  cultural forms of science knowledge, gaining 

insights into     18  

  cultural–historical approach to teaching    

  advantages and challenges     292  

  assessment as collaborative process     238  

  focus of     42–6  

  key principles     235  

  learning science as a collective process     236  

  learning science as a social process     235  

  multimodal learning opportunities for 

children     234–9  

  science learning as personally and socially 

meaningful     237–8   

  cultural–historical curriculum     251–2  

  cultural–historical perspective on learning    

  and digital technologies     249–51  

  focus of     241  

  knowledge construction through conceptual 

subjectivity     245–9  

  knowledge construction through contextual 

subjectivity     243–5  

  levels of social engagement where learning 

occurs     243–5   

  cultural–historical theory    

  focus on social and material context     242–3  

  using to support pedagogical 

practices     221–6   

  cultural violence     51  

  culturally sensitive teaching     274–6  ,   293  

  ‘culture brokers’, teachers as     52  

  curiosity, satisfying     19  

  curriculum, teacher research into     11–12  

  curriculum development     307  

  cycling of matter     263    

  day and night    

  content knowledge     78  

  teaching ideas     71   

  decay of matter     114–15  

  decolonisation, and valuing of alternative 

knowledge systems     243  

  dependent collateral learning     51  

  Design–Make–Appraise process     232  

  digital technologies, using to support learning   

  72–3  ,   87  ,   171  ,   249–51  

  discovery-based approach to learning    

  advantages and challenges of     291  

  assessment     97–8  

  classroom and early childhood setting 

management     96–7  

  critique of     91–5  

  discovery workstations in classrooms     83–6  

  guided discovery     87  

  modi� ed discovery learning     88  

  owning the learning     99  

  preparation and planning for     89–91  

  role of teacher     95–6  

  science tables and discovery boxes     88  

  uncovering of scienti� c priciples     94–5  

  underpinning assumptions     88–9  ,   94–6  

  using digital technologies     87   

  discrete science     99  

  doing, ways of     275  

  dot drawing     122–3  

  ‘double move’ in teaching     248  

  Draw-A-Science Teacher Teaching Checklist 

(DASTT-C)     7  

  dualistic worldview     55    

  eardrums     90  

  early childhood education, pedagogical 

practices for supporting 

sustainability     266–8  

  early childhood setting management    

  discovery-based approach to 

learning     96–7  

  inquiry-based approach to learning science   

  177–80  

  quality science interactions     18–25   
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  Early Years Learning Framework (EYLF)    

  intentional teaching     19  

  practice principles and learning outcomes     5  

  science learning and general 

outcomes     240–1   

  Earth and Space science    

  children’s beliefs about the Earth     227  

  children’s understandings about     226–34  

  curriculum content     76–7  ,   222  

  for infants and toddlers     239–41  

  night and day     71  ,   226  ,     235–8  

  phases of the Moon     78  ,   227  

  in Preschool and Foundation year     234–9  

  relations between Earth, Moon and Sun   

  225–6  ,   227  

  science content knowledge     77–9  

  seasonal change     72  ,   227  ,   228  

  shadows     227–8  

  solar system     78  ,   239    

  transmitting in the classroom     63–4   

  eclipses     78  

  ecosystems, science content knowledge     263–5  

  elastic band sounds     87  ,   101  

  electricity    

  batteries     196  ,   197  

  children’s thinking about     188–90  ,   193–4  

  concepts     195–7  

  conductors and insulators     230–1  

  current and voltage     192  ,   193–4  

  discovery of     186  

  electrical circuits     192  ,   193–4  

  electrical energy     230  

  energy transfer     196  

  and magnetism     190–2  

  power     197  

  research understandings about     190–2  

  resistance     195  

  series circuits and parallel circuits     196–7   

  embedded science     99–100  

  ‘Emu in the sky’ story     61  

  energy    

  key concepts     10–11  

  kinds of     228  

  and molecules     230   

  energy discoveries case study     9–18  

  energy transfer    

  electricity     196  

  sound     91   

  entities, in Aboriginal worldview     274  

  environment    

  children’s worldviews of the future     258–9  

  encouraging sensitivity towards     298   

  ethical action     56  

  everyday life, science in     22–3    

  � lter, in Aboriginal worldview     274  

  � exible pipe activity     103  

  formal sciencing     21  

  friction experiments     228–30  

  fungi     257    

  Galilei, Gallileo     239  

  Galvani, Luigi     186  

  generalisability, of � ndings and 

conclusions     56  

  geocentric view of Earth’s position in Solar 

system     239  

  group presentations     233  

  guided inquiry     158  

  guided play     19    

  ‘hands-on/minds-on science     296–7  

  hanger sounds     96–7  

  heating different substances     231–2  

  heliocentric view of Earth’s position in Solar 

system     239  

  ‘Hexagons ‘(HOOKed on Education)     223–5  

  Hoban, Gary     250–1  

  holistic worldview     47  ,   56  

  horizontal learning     235  

  human body, systems view of     265–6    

  incidental sciencing     21  

  inclusive pedagogy, planning for     276–7  

  Indigenous knowledge, and sustainability   

  280  

  informal sciencing     21  

  inquiry-based approach to learning    

  ants investigation     149–56  

  assessment     180–3  

  bene� ts and challenges     291–2  

  classroom/early childhood setting 

management     177–80  

  critiquing diversity of conceptualisations   

  158–60  

  digital technologies to support 

learning     171  

  guided inquiry     158  

  lesson plans     159  ,   160–9  

  and nature of science     176  

  open inquiry     158  

  principles     148  

  role of teacher     157  ,   176  ,   180  

  structured inquiry     158  

  underpinning assumptions     176–7  

  uses     156–7  

  working with multiage groups     169–71  

  Year 1 worms inquiry     174–5  

  Year 3 zoo in my garden inquiry     171–3   
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  inquiry-based approach to teaching    

  assessment     134–5  

  barriers for Birth to Preschool group     138–9  

  bene� ts and challenges     291–2  

  Birth to Pre-school     136–43  

  and children’s learning and 

metacognition     131–2  

  classroom/centre management     133–4  

  concerns about     135–6  

  constructivist view of learning     131  

  and curriculum that supports science     137  

  differing conceptualisations     107  

  elaborate phase     125–7  ,   133  ,   134  

  enablers for Birth to Preschool group     136–8  

  engage phase     113–17  ,   133  

  evaluate phase     127–9  ,   134  

  explain phase     124–5  ,   133  

  exploration phase     117–23  ,   133   

  5Es model from  Primary Connections      112 

  Foundation to Year 2     143–5  

  learning through this approach     129  

  and nature of science     130–1  

  role of teacher     130  

  underpinning assumptions     130–2   

  intentional teaching     19  ,   245  ,   266  

  interactive white boards     72–3  

  interdependence in ecosystems     263  

  interrelationships, maintenance of     55    

  jumping genes     8–9    

  Kepler, Johannes     239  

  ‘Kids for saving the Earth’     281  

  knowing, ways of     275  

  knowledge bands     275  ,   277  

  knowledge construction    

  common ground within communities     17–18  

  nature of     42  

  and research     53  

  through building conceptual 

subjectivity     245–9  

  through building contextual subjectivity   

  243–5  ,   295–6  

  through research     47–9     

  learners, emotional wellbeing of     220  

  learning    

  feelings about     186  

  holistic view of     56  

  inductive approach     89  

  owning of     99  

  as repository of knowledge     56   

  learning areas, in early childhood settings     21  

  learning challenges, constructing     298–9  

  learning science    

  as a collective process     236  

  personal and social meaningfulness of     237–8  

  as a social process     235   

  life cycles     56  

  light    

  children answering their questions     205–6  

  children setting up investigations     205  

  content knowledge for teachers     202  

  creating cognitive con� ict     203–4  

  � nding out what children know     202–3  

  researching children’s alternative 

conceptions     200–2   

  living vs non-living things    

  children’s criteria for     35–8  

  and holistic worldview     47   

  lost opportunities     19–20  

  loudness     90    

  McClintock, Barbara     8–9  

  magnetism    

  children’s understanding of     45–7  

  as a concept     43–4  

  and electricity     190–2   

  Martin, Karen     42  

  materialistic worldview     55  

  mechanistic descriptions/explanations of 

nature     55  

  micro-organisms/microbes     111–12  , 

  113  ,   115  

  molecules, and energy     230  

  monistic worldview     55  

  Moon    

  footprints of � rst astronauts     62  

  phases of     78  ,   227   

  morality     55  

  multiple possibilities for science     99    

  nature    

  descriptions and explanations 

of     50–2  ,   55  

  power and domination over     55   

  nature of science    

  discovery learning     94–5  

  inquiry-based learning     176  

  inquiry-based teaching     130–1  

  transmission teaching     67   

  night and day    

  content knowledge     78  

  teaching ideas     71  ,   226   

  night sky, stories about     61  

  Nuf� eld Science program     89    
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  open inquiry     158  

  oppression     57  

  outdoor and environmental education centres     280    

  parallel collateral learning     50  

  participative thinking     252  

  picture books     221  ,   232  

  pitch     90–1  

  place, connection to     56  

  place-based education     273–4  

  plant classi� cation     41  

  play, guided play     19  

  play stations     222  

  policy and curriculum development     307  

  political revolution     57  

  pollution     263  

  power, meaning in science     197  

  pre-service student–teachers, perceptions of 

scientists     7  

  predictive validity     56  

  professional development of teachers     306–7  

  Project Butter� y WINGS     159  

  ‘provocations, use of     14  

  Ptolemy     239    

  quality science interactions, in early 

childhood settings     18–25    

  rectilinear view of time     56  

  reductionist approach     56  

  re� ection of sound     90  

  Reid-Loynes, Priscilla     277–8  

  relatedness    

  building     280  

  concept of       274–6   

  relational approach     56  

  research agendas, for gathering knowledge 

from communities     243–4  

  research by students, into energy 

discoveries     12–15  

  research capacity building, as two-way 

process     244  

  resistance, and electricity     195  

  resources, reviewing and ordering     307  

  respiration     263  

  responsive teaching, and inquiry-based 

approach     136–7  

  risk-taking, and topic choice     300–1  

  role plays showing scienti� c understanding     128    

  safety issues     301–2  

  science    

  development of     11–12  ,   26  

  as human endeavour     11–12  ,   18  ,   26  ,   221  

  role in society     16–17  

  use and in� uence of     11–12  

   see also  nature of science   

  science education    

  children’s previous experience of     300  

  leading change in     303–7  

  promoting in community     307   

  science expos, using to showcase outcomes     16  

  science infrastructure, in early childhood 

settings     21  

  science opportunities, in early childhood 

settings     20–3  

  science tables     88  ,   222–3  

  science teachers, feelings about science and 

teaching science     24–5  

  scienti� c concepts    

  teacher research into     10–11  

  Vygotsky’s theory of     246–7  

   see also  concept formation   

  scienti� c credibility     55  

  scienti� c inquiries, encouraging children to ask 

questions     297–8  

  scienti� c language, developing use of     73–4  

  scienti� c principles    

  as human constructions     238–9  

  impossibility of ‘discovery’ by 

children     94–5   

  scienti� c reports     127  

  scienti� c theories, refutation and 

replacement     239  

  scientists    

  biographies and stories about     8–9  

  stereotypical images     4–8   

  sea sponges     40–1  

  seasonal change    

  content knowledge     78–9  

  teaching ideas     72   

  secured collateral learning     51  

  self-assessment by students     13  

  shadows     227–8  

  Sikder, Shukla     98–100  

  simultaneous collateral learning     51  

  ‘slowmation’     250–1  

  society, role of science in     16–17  

  sociocultural theory     242  

  socioscienti� c approaches to teaching science   

  212–13  ,   241  

  Solar system     78  ,   239    

  sound    

  discovery workstations in classrooms     83–6  

  guided discovery of elastic band sounds     87  

  science content knowledge     90   
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  sound absorption     90  ,   102  

  sound waves     90  ,   91  

  speed of sound     90  

  spirits     274  

  spiritual worldview     55  

  Stephanie Alexander Kitchen Garden National 

Program     281  

  stretched string activity     101  

  structured inquiry     158  

  subjectivity     55  

  summary posters     228–9  

  sustainability    

  children’s thinking about     258–9  

  and Indigenous knowledge     280  

  pedagogical practices for supporting     266–8  

  teacher thinking about     261–2   

  sustainable education, resources 

promoting     280  

  systems thinking     262  ,   263–6      

  tapping bottles     101  

  teacher’s role    

  as co-investigators/co-learners     299–300  

  in discovery learning     95–6  

  in inquiry-based learning     157  ,   176  ,   180  

  in inquiry-based teaching     130  

  in transmission teaching     68–9   

  teaching for conceptual change    

  advantages and challenges     292  

  assessment approaches     211  

  case study: children’s thinking about 

light     200–6  

  classroom/centre management     208  

  concerns about     211–13  

  creating cognitive con� ict     199–200  ,   203–4  , 

  211–12  

  focusing topic area for investigation     209–10  

  and inquiry-based learning     176  

  linking science to other curriculum areas     210  

  phasing-in     208  

  respecting children’s ideas     198–9  

  teach re� ections on     206–8  

  topic selection     209   

  teaching science    

  comparing approaches     285–7  

  construction of meaning by children     297  

  contextualisation of science     295–6  

  encouraging children to ask questions     297–8  

  engagement with concrete objects and 

materials     296–7  

  environmental sensitivity     298  

  guidelines for implementing a teaching 

approach     299–302  

  key principles     293  

  place of each approach     290–3  

  rationale and learning outcomes     294–5  

  and rich educational activities     298–9  

  selecting and constructing personal 

framework     288–90  

  taking account of children’s ideas     293–4   

  teaching–learning spaces     9  

  thinking books     124–5  ,   187–9  

  topic choice, and risk-taking     300–1  

  traditional knowledge, methodology for � nding 

out about     18  

  transmission approach to teaching science    

  appropriateness for particular topics   

  71  ,   290–1  

  assessment     75  

  assumptions about children’s learning     69  

  assumptions about nature of science     67  

  building a shared knowledge base     71–2  

  children transmitting knowledge to others     74  

  classroom management     75  

  developing use of scienti� c language     73–4  

  for earth and space science     63–4  ,   76–9  

  effectiveness of     61  ,   65  ,   79  

  making connections between existing and 

new knowledge     72  

  planning for learning     76–9  

  potential negative outcomes     69  

  strategies for effectiveness     69–70  

  teacher’s selection of content     68–9  

  underpinning assumptions     67–9  

  uses     290–1  

  using digital technologies     72–3   

  transmission of knowledge, in daily life     65–7  

  transmission of sound     90  

  travelling sound     90  ,   103    

  validity     56  

  vibrating ruler activity     102  

  vibration     90  

  voltage     192    

  wall displays     222  

  weather watching     22–3  

  Western capitalist society     55  

  Western worldview, need to think 

beyond     47–9  

  worldviews    

  children’s worldviews of future 

environment     258–9  

  mapping and representing     48–9     

  yeast     113  ,   119     
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