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Introduction

C
hildren learn science from in-
fancy, observing and respond-
ing to the phenomena in their 
daily experience. They learn 
about their immediate en-

vironment through their senses of  sight, 
sound, touch, smell and taste. When ba-
bies become mobile, they explore the world 
around them more rapidly. Then they start 
using trial and error, repetition, imitation 
and classification. Children who are exposed 
from babyhood to a wealth of  experiences 
through active exploration are laying a foun-
dation for the development of  science con-
cepts later. They use science process skills as 
they move from observation and exploration 
during the toddler years to data collection, 
classification, representation, communicat-
ing theories and interpretation in the pre-
school and primary years. 
 Caregivers for and teachers of  young 
children can easily underestimate the capa-
bility young children have for science learn-
ing and miss spontaneous opportunities for 
supporting science learning. But they should 
learn to for purposeful exploration and exper-
imentation. Children love science experiences 
and are fascinated by even the smallest aspect 

of  the world around them. Seeing young chil-
dren as curious, competent and interested sci-
ence learners is a good beginning. Using this 
book as a resource is a next step. 
  The Australian Curriculum: Science 
(ACARA, 2014) directs teachers toward 
high-quality science teaching with clear 
criteria describing what teachers can do to 
support science learners at all age levels. 
The Learning Area: Aims tells teachers to 
“ensure that students develop … an interest 
in science as a means of  expanding their cu-
riosity and willingness to explore, ask ques-
tions about and speculate on the changing 
world in which they live” (ACARA, 2014). 
The articles in this book will help teachers 
do just that. They provide teachers with ac-
tivities for young children that connect to 
the curriculum and will result in better sci-
ence teaching and children more interested 
in learning.

Early Learning and Science 
Current findings from brain research and 
a resurgence in interest in the very young 
child as a learner makes this an exciting time 
for early childhood educators, but a time not 
without challenges. The emphasis on literacy 
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Start Young!
We need to give children a helping hand 
when they are most open-minded and curious.

Penni Rubin

W
hile creating a children’s 
science activity book for 
the U.S. Geological Sur-
vey (Rubin and Robbins 
1992), I interviewed  

many scientists around the country. One 
question I asked of  all these men and wom-
en was “When did your interest in your area 
of  expertise begin?” This question arose 
because of  my sister’s long-standing inter-
est in geology: as a child, she had played in 
the creek across the street from our house. 
As an adult, concepts taught in a universi-
ty geology course resonated because of  her 
childhood experiences watching the neigh-
bourhood creek change over the years.  
 I heard similar stories among the scien-
tists I interviewed. For example, an oceanog-
rapher told me that it was during a holiday 
by the Atlantic Ocean at the age of  seven 
when he first “fell in love with the ocean”. Jack 
Horner, one of  the top US paleontologists, 
found his first dinosaur bone at the age of  
seven. I also heard from a volcanologist who 
knew she wanted to study volcanoes after see-
ing them on a trip with her parents when she 
was seven; an astronomer who remembered 

receiving a telescope as a child; and another 
astronomer who remembered using a tele-
scope as a young child to investigate why the 
“Blue Moon” was not really blue. In a televi-
sion interview, I heard Jane Goodall claiming 
that her favourite things as a child were the 
book Dr. Doolittle and a stuffed chimpanzee 
toy. 
 Every computer scientist, dentist and en-
gineer I talked with reported that, as chil-
dren, they enjoyed taking things apart and 
building their own creations with erector 
sets. My sister who is a computer scien-
tist liked to unscrew doorknobs and draw-
er handles with a plastic screwdriver, all at 
the young age of  four. By the age of  seven, 
she pleaded with our mother to take the car 
apart when our father was away at a confer-
ence. She promised to put it back together 
again by the time he returned.

Magic “Seven”
Through these anecdotal interactions with 
the scientific community and my family, I 
began to notice that most interests leading 
to a career seem to start in early childhood. 
Throughout my interviews, I heard either, “at 
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the age of  seven I became interested in” or “I 
knew I wanted to do this since I was a child”.
 A person, place or thing is what usually 
sparks those first memorable childhood im-
pressions. Of  course, we often do not study 
our new-found interests from the time of  
our personal enlightenment to adulthood, 
but early childhood interests are strong and 
they can have a powerful hold on us. Children 
usually show interest in many areas; but, I’ve 
observed one interest generally resurfaces as 
they get older. Often, it seems this interest – 
usually one from childhood – is the one that 
leads to a profession. 
 If  children’s interest in the natural world 
around them is heightened at a young age, 
why are most science education programs 
geared to middle years and secondary school 
students? None of  the numerous scientists 
I talked with mentioned finding their pro-
fessional interests as teens or adults. They 
merely rediscovered their childhood interests 
at these ages.

In the Classroom
I strongly believe that the focus of  science 
and mathematics exploration and activities 
should begin in preschool and Foundation, 
before children develop negative connota-
tions or become disengaged from the sub-
jects. More important, early primary school 
teachers and parents should exhibit a love 
and appreciation for science.
 Some ideas for cultivating an early inter-
est in science include the following:
• Set up career-oriented learning centres 

in the classroom for students. Supply 
these centres with “STUFF” – Stimu-
lating Tools Useful for Fun and Funda-
mentals. (See the box on p. 5 for ideas.)

• Invite naturalists or scientists to the 
classroom. Have them bring the tools 
they use so they can demonstrate how 

they do their work and students can im-
agine how they do their jobs.

• Encourage children to have a hobby, 
such as collecting leaves, rocks or shells. 
Visit the library to research their collec-
tions. These experiences can lead to dis-
coveries about other fascinating subjects 
on the same shelf. Provide a show-and-
tell showcase for children to share their 
collections and perhaps spark another 
student’s imagination.

 If  we want to encourage children to 
enter into scientific fields in the future, we 
need to give them a helping hand while they 
are most open-minded and curious. Answer 
children’s questions with questions, such 
as “What do you think?” or “What do you 
know”, to find out what they already know 
about a topic. Then you can guide them 
with some clues on how to find the answers, 
which makes children responsible for their 
own learning. It’s okay not to hold all the 
answers – what’s important is taking the 
journey with children. Who knows? There 
may be a future scientist or two sitting in 
your classroom.

I began to 
notice that most 
interests leading 
to a career seem 
to start in early 
childhood.
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Early Childhood Career Learning Centres

a sifter to separate and clean water. Create a mine 

shaft under a table with torches, pretend coal, 

fake gold and a book about rocks and minerals. 

• Paleontology: Create dig sites in clear plastic 

storage bins with mulch, sawdust or gravel. 

Provide a bird or dinosaur skeleton picture 

for reference. Provide tweezers, tongs and 

paintbrushes for students to sift through the 

debris and mark fi ndings on grids. 

 While children explore these career-oriented 

learning centres, teachers can facilitate their 

learning. I use the following process: 

 Describe what the child is doing 

 Compare something and suggest a tool 

 Ask a leading question

 Use narrative descriptive praise, such as, “When 

you did this, I noticed that!” 

 For example, at the oceanology centre, the model 

might work something like this: 

1. I saw you looking at the stingray and the sharks 

under the table.  

2. Do you think they are also related to the whales 

and dolphins?  

3. I wonder if there’s a chart in this book that will tell 

you if they are related. Shall we check it out? 

4. I saw you reading that book. Was there something 

interesting that you could teach me about?  

 In the paleontology centre, a typical exchange   

 might be: 

1. I noticed you took the chicken bones out of the 

sandbox before you recorded them on the chart. 

2. I see there are letters and numbers on the sides of 

the bin.

3. I wonder if you could write down where each  

bone was found, just like real paleontologists do

 and 

4. I saw you fi gured out how to chart where all the 

bones were found! You defi nitely stuck to that 

job. You should be very proud of yourself.

To create a career-oriented learning centre in the 

classroom, set up three long folding tables in a “T” 

or “U” shape and drape colourful plastic cloths over 

them. 

 Children tend to gravitate toward tools, so have a 

variety on hand, such as magnifying glasses, magnets, 

clipboards, graph paper, rulers, eyedroppers, funnels 

and scoops. Some children also enjoy dressing up, so 

have swim fl ippers, hard hats or a life jacket and other 

items for those more active students. (I once contacted 

a local laundry service that donated a bunch of small, 

white short-sleeved shirts to use as lab coats.) 

 The following are some career centres I’ve set up 

in classrooms:

• Kitchen Chemistry: Use clear containers with 

numbers and measuring tools to learn the 

properties of water. Work with gelatin, icy poles 

and pudding. Mix colours with eyedroppers 

and food dye or fi nger paint. Experiment with 

cornstarch and water on a cookie tray to see how 

a substance can be both a liquid and a solid. 

• Nutrition/Botany: Create a shopfront with plastic 

fruits and vegetables, empty food boxes and a 

play cash register with play money. Make lists of 

questions about the foods such as “How does your 

family use plants? What plant parts do you eat?” 

Display pictures and posters of the good foods we 

eat. Collect leaves to press in a phone book.

• Zoology: Make a miniature zoo with stuff ed 

animals, or hide a bunch of rubber snakes under a 

table with branches and a metre stick to measure 

and observe. Paint cardboard boxes as diff erent 

habitat puppet stages and make animal puppets 

that would live in each habitat, using the box as a 

stage for a show.

• Oceanography: Sort seashells by bivalves and 

univalves with tweezers and tongs. Do crayon 

rubbings using textures that look like coral.

• Earth and space science: Wet porous and non-

porous rocks with water and an eyedropper. Make 
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Penni Rubin runs workshops for Early Learn-

ing–primary educators on interdisciplinary sci-

ence. She can be reached at www.pennirubin.com.
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Kids Questioning Kids: 
“Experts” Sharing
Children grow in their own skills as they teach others.

Marletta Iwasyk

A
s a Foundation and Year 1 
teacher in an alternative 
school, I have much latitude 
in curriculum development 
and instructional methods. 

Questioning and dialogue are an integral 
part of  my teaching. The Australian Cur-
riculum: Science says, “Science provides 
an empirical way of  answering interest-
ing and important questions about the bi-
ological, physical and technological world” 
(ACARA, Learning Area/Rationale, 2014). 
I believe that children are capable of  being 
teachers and while engaged in the teaching 
process, they reinforce and solidify their 
own learning.
 To examine how this happens in my 
classroom, I conducted a case study to show 
children using questioning and communica-
tion skills during conversations about sci-
ence (van Zee et al. 1997). The case study 
involved analysis of  transcripts of  students 
discussing the subject of  shadows in which 
two students became the teachers or leaders 
and the rest asked questions for clarification 
or gave input of  their own.
 To document the discussions, I used a 
tape recorder with a microphone placed on a 

desk near the seated children. I also placed a 
video camera high in an unobtrusive corner. 
The camera was trained on the seats in the 
middle of  the circle where I placed the lead-
ers of  the discussion. If  other students had 
something to contribute, I asked them to step 
to the middle of  the circle where I knew they 
would be visible to the camera. The object of  
this case study was to record the children’s 
talk about shadows to see if  there was any 
carryover from the teacher-directed ques-
tioning and discussion activities. The study 
focused on not only the facts being presented 
but also how the discussions took place. 

Emphasis on Communication
From the first day of  school, I model ques-
tioning and communication skills that I hope 
the children will emulate as the year pro-
gresses. Groups and pairs of  children are 
allowed to converse a great deal during the 
day and so are comfortable speaking with 
one another. 
 The emphasis one year for the en-
tire school was using kind and respectful 
words. I also stressed the role of  a re-
spectful listener, which provides an en-
vironment in which children feel they 
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are safe to risk speaking and sharing 
their ideas. As a class, we practised listening 
and speaking skills in many subject areas.
 During show-and-tell time each week, 
the class president facilitated the sharing 
period, and the person called upon to share, 
in turn, asked for questions and comments 
from the rest of  the class. As children re-
sponded to one another, I helped them ana-
lyse and decide whether they were making 
a direct comment about what they heard. 
In the beginning, many children added to 
the sharing – “I have a dog too” – rather 
than commenting on what was said. Also, 
their questions were usually too specific 
when asking for more information about 
what was shared – “Is your dog’s name 
Rover or Fido?” We talked about a better 
way to ask the question – “What is your 
dog’s name?”
 Another opportunity for modelling 
questions came when the class president was 
interviewed for stories that were written by 
each individual for the “president’s book”. 
Again, early in the school year, the questions 
tended to be very specific and limited – “Do 
you like spaghetti? Do you like apples?” I en-
couraged the children to think in terms of  
general questions instead – “What is your 
favourite food or fruit? What do you like 
to do on the weekends?” This clarification 
helps children differentiate between types 
of  responses and also determine appropriate 
times to make them. These skills carry over 
into other areas of  study. 

Emphasis on Science
Science is wonder – that feeling of  awe and 
excitement you have when you see a golden 
harvest moon, experience the power of  the 
wind, see a rainbow, watch a salmon hatch-
ing or experience the miracles of  nature that 

take place around you. My school, which 
has an environmental and art focus, greatly 
values this view of  science and nurtures it 
in every child’s heart and mind. It is then a 
natural step to go from this wonderland of  
experience and appreciation of  nature to the 
world of  discovery and the desire to find out 
the why and how.
 And so, science is wondering as well, 
wondering about our physical and biological 
world – and young children wonder most of  
all. They have a natural, eager intellectual 
curiosity about the world around them and 
want to find out all they can, as evidenced 
by the many questions they ask. The dilem-
ma for a teacher of  young children is how 
to keep this natural curiosity alive within 
the confines of  the classroom. Time, lack of  
materials or space, or other obstacles – such 
as a feeling of  inadequacy in science knowl-
edge – may limit the amount of  experience 
the teacher provides in the area of  science.
 One successful activity I have used to keep 
this connection to the world outside the class-
room is the study of  light and shadows, using, 
of  course, the most visible object in the chil-
dren’s sphere of  reference – the Sun. Learning 
about objects in the sky, including observing 
the Sun and its movement, is an important 
benchmark for science literacy for Foundation–
Year 2 (AAAS 1993). Much of  my knowledge 
about the Sun was gained in a physics program 
for teachers at the University of  Washington 
in the US (McDermott 1995).

Shadow Discovery
On the very first sunny day of  school in the 
autumn, we begin our study of  shadows. 
This is a natural and easy way not only to 
nurture curiosity and wondering, but also to 
help the children develop the skills and atti-
tudes that will make them successful lifelong 
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• Take a walk on the playground and observe 

shadows of poles, trees and walls. 

• Take a walk with your shadow and observe how 

it follows wherever you go and does whatever 

you do. 

• Have your class stand in a circle and discuss 

shadows they see – some 

are in front; some are 

behind. Discuss orientation 

if children want to make 

a claim about the shadow 

position. (If students 

say, “The shadows are in 

front of us”, ask, “Are all 

the shadows in front?” 

If the children say no, 

then ask, “How can we make 

that happen?”)

    Ask questions that help 

children see that everyone needs to be facing 

the same direction to see their shadow in front, 

behind and so on. This can be facilitated by the use 

of a “shadow line” (discussed below) that is close 

to where your class lines up everyday. I have my 

class line up on the shadow line after every recess 

whether it is sunny or not. If it is sunny, then we 

can quickly make some observations, think about 

some questions and have a short discussion 

before coming in – very effi  cient and easy to do. 

(At this time, I do not say whether a conclusion is 

right or wrong, I ask them to think about it.)

• Line up on a North-South line (if possible) on 

the playground. This orientation helps children 

see the shortest shadow pointing North at local 

noon. Give directions to your class, such as the 

following: “Stand so that your shadow is in front 

of you (or behind, beside on the left, right). 

Which way is your shadow pointing? Toward 

the building or away from it? Is it long or short? 

Longer or shorter than this morning’s? Last 

week’s?”  There are many questions you can ask 

to promote thinking and stimulate observations.

• Make a sun plot/shadow board (see illustration) 

for children to study shadows independently 

at home. To make the sun plot/shadow board, 

use heavy cardboard and stick a small nail (or 

other similar object) into the centre. A sun plot/

shadow board is placed in the 

same spot throughout the 

day. Children mark the end of 

the shadow (noting the time 

and date) using a piece of 

heavy cardboard with a sheet 

of white paper. Students can 

then observe the pattern the 

dots make, if connected.

• Train two children to use 

a sun plot/shadow board. 

Discuss the use of a gnomon, 

which is a straight object (peg, 

stick, rod) used to cast a shadow, and how to 

record data (length, time of day). Take as many 

readings as possible each day. The fi rst team 

then trains the next team (a classroom job). If 

inside, shine a torch or bulb onto the sun plot 

board to make “artifi cial” shadows (Peg – Boards 

work well).  

• On equinoxes and solstices, record the end 

of the shadow throughout the day on the 

playground with chalk and then use paint to 

make it permanent for future reference. A tall 

pole on a sturdy base works well as the gnomon 

for this – mark where the base goes. 

• Transfer information from daily records to 

overlays for use on an overhead to compare 

autumn, winter and spring shadows (length, 

shape of line connecting dots, Sun’s position). 

Overlays are good for end-of-year discussions. 

• Enrich the activity with shadow puppets, 

poems, journal writing and literature.

Activity Suggestions for Sun Plots and Shadows

heavy cardboard with
the sheet of paper
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scientists, whether or not they go on to choose 
a career in a scientific field.
 The box “Activity for Sun Plots and 
Shadows” lists some suggestions for shad-
ow activities. These shadow activities entail 
making and comparing many observations 
and recordings throughout the year. Many 
questions arise, such as “Why does my shad-
ow change shape, length and direction?” 
 In the beginning, I do not answer any of  
the questions. Instead, I ask the children to 
think about the questions and discover how 
they can find the answers for themselves. If  
they make early conclusions about what they 
observe, I do not acknowledge any answer as 
right or wrong. It isn’t until after the win-
ter solstice, when the shadows are becoming 
short again, that we have an in-depth discus-
sion of  what we have learned about the Sun 
and shadows, with the children facilitating as 
much as possible. To make this happen, much 
groundwork has been laid during the year.

Discussion of Shadows
“Teachers of  science guide and facilitate 
learning. In doing this, teachers orchestrate 
discourse among students about scientific 
ideas” (NRC 1996, p. 32). See “Student Con-
versations” for an example of  dialogue that 
took place during a discussion of  shadows, 
which typically lasts anywhere from 15 to 30 
minutes, depending on interest and focus.

K W H L

What do I

Know about

__________?

(Prior knowledge,

or preconceptions.

All ideas are 

listed.)

What do I

Want to know about

__________?

(Questions

that students

have.)

How can I

fi nd out about

__________?

(Books, internet,

asking others.)

What did I

Learn about

__________?

(Facts learned

may be diff erent

from those listed

on K.)

Figure 1. A KWHL Chart.

 At the beginning of  our discussion, the 
children posed questions they had thought 
about in connection with shadows, and these 
were listed on a KWHL chart – “Where do 
shadows come from? Can they see?” – see 
Figure 1. 
 In the course of  the discussion, two male 
students who had a lot to share emerged as 
the facilitators for the discussions, calling on 
others for questions or comments. In giving 
the boys this role, I turned a possible neg-
ative – two male students dominating the 
conversation – into a positive by asking 
the two leaders to explain some of  their 
statements. The two became quite humble 
at some points, saying “I don’t know” when 
asked a question. 
 At first, the student leaders called on 
their friends, also male. The naturally quiet 
students were not as involved at the begin-
ning, but, as time went on, they joined in 
when called on or when they just wanted to 
speak. Soon, everyone was participating, both 
males and females. For the final discussion, 
when I facilitated, all but one female shared.
 One of  the questions asked and dis-
cussed was “Why doesn’t it [the shadow] 
have the colour you have on?” This student 
wondered why the shadow wasn’t the same 
colour as skin. Throughout the discussions, 
many moments of  spontaneous dialogue oc-
curred. They were all respectful and involved 
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