Science and Technology awareness for
preschool children: Practical lessons and
experiences.

Anita van DEVENTER
"Meraka Institute CSIR, Meiring Naude Rd, Pretofiap1, South Africa
Tel: 427 012 8413776, Fax: + +27 012 8414720, Emailevente @csir.co.za

Abstract:

TekkiTots is part of The Young Engineers of Soufridad (YESA) research area within the ICT in Edimat
Youth and Gender research group at The Merakatdiest{CSIR). The aim of YESA is to increase the
pipeline for the generation of more scientists,ieegrs and technologists by creating the necessterest

and involvement of learners. These interventidad at a preschool level with TekkiTots.

The primary objective of TekkiTots is to exposeldtgn between the ages of 5 — 7 to Science and
Technology in a fun and hands-on way. The intendetomes are to stimulate innovative thinking, a
positive attitude towards Science and Technology eagerness amongst theses small children to explor

Science and Technology avenues once they entdeawel school.

This paper describes the formative or action refeapproach and process that were undertaken in the
development of Science and Technology content fesghool children. It also provides an overviewtted
experiences and lessons learned when a group efpfigschool children were exposed to the developed

Science and Technologpntent
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1. Introduction

Today’s children grow up with technology as parttiedéir “natural” environment. They
will learn to use all the available technology fraamyoung age. The challenge is to
influence these users of technology to become taverof new technology. The question
which then comes to mind is: “What is needed tobez an inventor of new technology?”

If we take a look at the definitions of technoloijyis understood that technology
products are the result of applied science knowdedgAccording to (The Franklin



institute’s Recourses for Science Learning Glossadnline), technology is: “the
application of scientific advances to benefit huityah The Encyclopedic Theosophical
Glossary (Online) defines Science as “[from Latirestia from scire to know] in its widest
sense formulated knowledge, a knowledge of stractaws, and operations”

In order to become an inventor in science or exgginmg we need to introduce subjects
like Science and Technology as a part of the chilthatural” environment as soon as
possible Science and Technology require a child to be ablgesign, develop, build and
test products. It is important to build a childenfidence and skills in these subjects from
as early as possible. If TekkiTots can createttiu@de of: “I know, | can do, | want to do
or this is fun” towards Science and Technologyraearly age we might be able to remove
a barrier between the child and a possible care&cience and Technology. John Kehoe
as sited by(Peel & Prinsloo, 2001: S)eiterated that “thoughts that are emotionalised
become magnetized and attract similar and likeghtas”

According to (Peel & Prinsloo, 2001: 5)children are born as being inquisitive,
energetic, passionate motivated, risk taking, thipkand do the impossible, creative, can
see the end product, try over and over again amdlearn through mistakes.”The
environment has a big influence, positive or negatin these attitudes. Great care should
be taken when introducing Science and Technologgitbage group in order to nurture
and build on the positive attitudes already present

Children between the ages of 5 and 7 years aregat) knowledge. Children need
knowledge before they will be able to apply it innganingful way. By introducing
Science to children it is possible to stimulate ¢heative thinking, inquisitive nature and to
motivate children to take risks and belief thatthan do the impossible.

1. TheApproach

TekkiTots is a research project within the ICT idu€ation, Youth and Gender research
group. The aim of this research group is to lobknaovative ways of introducing or
applying ICT in education. The goal of TekkiTaossto lay the foundation for Information
and Communication Technology through the introductf Science and Technology.

The TekkiTots project is based on the action metemodel as represented in Figure 1
(Zuber-Skerritt 1995) as sited by (Louw)
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Action research is a cyclical process where tBaltg of the first cycle influence the
actions and research in the next cycle. The cyikend when the desired outcome is
reached. Each action research cycle includes iplgnacting, observation and reflection.

Action research is according to (Dick B (1993) amelology which has the dual aims of
action and research.
+ action to bring about change in some communityrgamisation or program

+ research to increase understanding on the paneaktsearcher or the client, or both
(and often some wider community)”

The motivation for the TekkiTots action researgipraach is to acquire first hand
experience and information on some of the challeragpreschool teacher/educator will be
facing when introducing Science and Technologyrasghool children. Practical first hand
experience will also enable the researcher or deeelof the content to develop content
which takes the developmental level of this ageigrimto account

The goal of the first action in the action resbacgcle was to find or develop suitable
Science and Technology content and develop ledsmis (o present to preschool children.

The following rules serve as basic guidelinesottmv in the attempt to change
children’s attitudes towards Science and Technology
» Itisimportant to introduce Science and Technolagyscience and Technology in
order to familiarize the children with the subjefttam a very early age.

* The children need to be exposed to the subjecta oegular basis in order to
maximize the possible impact of the intervention.

« The lessons should have a format where Science Tawhnology can be
experienced as a fun (cool) activity. “Informatisriearnt best if it has an emotional
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relevance to the learner and it is anchored asigoyable experience thus the AHA
experience.®Peel & Prinsloo, 2001: 20)

* The children get a hands-on experience. Everylahdrks with his/her own lesson
material to be able to explore, experiment, buidtiord etc. “Best learning takes
place when children engage in designing and crgahimgs, especially things that
are meaningful to themselves or others around thekitchel J Resnick
http://www.futureofchildren.org/usr_doc/vol10no2Cmm@ntary.pdfQuoted Papert,
S. The children’s machine: Rethinking school ia #ye of the computer)]

» Place the emphasis on the experience and not therials. Use ordinary, freely
available everyday material of low cost e.qg. toitdt tubes, elastic bands, balloons,
kebab skewers, toothpicks, food colorant etc. Thi#dren can reproduce and
experiment with relative ease at home.

* Lesson Components for each lesson

» Evaluation: How do you feel today
How £_o you feel todnyr 13 Feb 07 Sound Drums and vfails
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» Science and Technology as Science and Technology
» A creative introduction (Practical demonstrations)

» Simple and basic practical material

» Determine existing knowledge (asking questions)

» Short explanations — children do not want to listen

* Hands-on do it yourself

» Capture experience (drawings)

« Evaluation: Did you enjoy the lesson?
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2. The Process

The content development action (red rectangle) thasfirst action needed in the action
research cycle Figure 2.
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The participants:
A critical part in the development of suitable camttwas to select a suitable group to test
the content. Morningstar Montessori preschool esped a need for someone to present
Science to the grade R group of children at the@ich The headmistress, Jenny Miller
agreed to the TekkiTots research in her school evkiegre were 6 grade R children. The
agreement was that Meraka Institute will presener@e and Technology lessons to the
grade R children once a week for one year.

Content Development

Questions that needed answers were:
* Why Science and Technology content?

The knowledge generated by basic sciences formsotigesupport for economic growth
and improved quality of life. The attrition and aggscience researchers is identified in the
South African Research and Development Strategycsmcern for South AfricéSouth
Africa’'s National Research and Development Strat®gyine). The belief is that an
intervention like TekkiTots at the preschool agd etter the chances of children
following careers in Science and Engineering.

* What do we want to achieve with the content?
The lessons are about building children’s attitugied confidence not about the content or
the amount they learn. The intent is to ensuredhah child accomplishes the task at hand
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as far as possible on his/her own.

* What content is available?
The internet was the main source for lesson cotedtideas for lesson plans.

* How do we present the content?
The content should be structured in such a way ithiat flexible and creates a balance
between challenge and guidance. Keep in mindgbate children might like challenges
and want to try without guidance while others mifjrgt want to build their confidence
(follow step by step instructions) before takingtpa the next step

* How do we measure if the children enjoyed the erpee?
The intended outcome for different children andredédferent groups might be different
due to content preferences.

A simple measurement system were introduced tcsureghe “success” = enjoyed the
class.

Before each lesson started each child were askelbibse a face on the paper and write
his/her name below their choice. The choices were:
Are you happy, tired sick or sad?

How ﬁdo you feel today 13 Feb 07 Sound Drums and nails
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After each lesson the children had to choose btigedollowing:
Thumbs up if you enjoyed the lesson, thumbs dowyoif did not like the lesson and the
middle one if you are still thinking about it.
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* What content themes?
The Revised National Curriculum Grades R-3 Fouwdatphase of the Gauteng
Department of Education describ&gchnology as “The use of knowledge, skills and
resources to meet people's needs and wants byogewglpractical solutions to problems,
taking social and environmental factors into coesation.”



ICT is about communication and computer technalo@reschool children can use
these technologies to make phone calls and playsgabut the challenge for TekkiTots lies
in stimulating their curiosity to find out how it okks and what is needed to build
equipment.

Basic scientific knowledge and understanding fortims foundation of technology
inventions. Electricity as a first content theme was a personal choicedbas the relation
of electricity to cell phones and computers. Butled power to work. The first question to
be answered is what is electricity and power? fdvw is where does it come from? How
does it work (characteristics) what can we do wihetc. The aim with electricity was to
build some understanding from a simple electricuwirto the pc board in the back of a
computer. Each lesson builds on the previous tesgperiences.

The next theme was inspired by the practical assants my child in grade 5 received.
They had to build a house using newspaper. Thdydapply basic principles of strength
of different shapes and structures. To be ablve some design specifications | decided
to introducemeasur ements before introducinghapes and structures to ensure that the
children would be able to measure the length amhgth of a bridge.

The positive results of constructing in buildifng toridge and the amount of content on
sound experiments resulted$ound andMixtures as the next themes. It was now a little
clearer what was needed to create the fun experi@ncso | thought).

The technology process afesign, make and test was introduced based on the
specifications in the curriculum for the foundatjamase.

Sorting and presenting of data using sweets was intended as an experiment which
turned out to be successful.

3. LessonsL earned

3.1- Content Theme Sequence Lessons Learned

* All/most information arenew to the children
» Start with more familiar content like sound. Dee thlectricity section later
during the year. There is a big difference betwienlevel of development of
the children at the beginning and the end of tharyand it is advisable to
introduce Science and Technology with more famitancepts like sound or
mixtures.
* The intended sequence for 2007 will be:



Sound (children know about instruments)

0 Measurements (Children need to know that differadls are used to
measure weight, length and temperature)

0 Mixtures (Measurements are used to make clay etc.)
Design, make and test (Follow picture instructitmbuild a product)

o Electricity (Basic circuit, conductive and non-coctive material, lightning,
simple switch etc.)

0 Shapes and Structures (shapes to bridges and reestiseiigth of a bridge)
Sorting and presenting data

3.2— Theme Specific lessons learned

Sound (single string instrument)

* Intended lesson outcomes may not be reached due to undeveloped skillsiat th
age. This age group will not necessarily be abketa knot but can be taught.

» Encourage them téirst try a difficult task themselves and only offer assis&a

once they have tried
* Motor sKkills are still developing: The children will struggle pull a cut balloon
over a toilet roll tube but can be encouraged toeae it with help if necessary.

Measurements
» This age group might be able tecognise numbers 1 to 10. Do not use numbers
higher than 10 if you want them to measure length e

Measurements and Structures
» At this ageunits of measurements make very little sense to them e.g. measure the
strength of a bridge by counting how many applesuit carry before it breaks.

Electricity (where does electricity come from?)
» Do not use the same picture sheet in more thatessen

Electricity Sound Mixtures Measurements
* Step by step instructions work better to built self confidence and a senfe o
achievement for each child

Electricity (Conductive and non-conductive matgrial
* Do not try togroup things in a table e.g. Two circles to group conductined aon
conductive materials

Electricity (paper switch vs. real switch)

* Always let the children build their own simple exalm before testing the real
equipment to prevent them from loosing interest

Mixtures (separation of colours vs. mixing of caleu
* The childrenprefer to construct (build things) rather than analyse (separaterid fi
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components)

Mixtures (cupcakes)
» Always prepare the lesson in such a way that thidrein havesomething to take
home even if it is only a picture of lightning

Mixtures (mix colours on worksheet then for cupcke

» First do formal activities then fun activities e.qg. first let kids mix colsuon paper
worksheet and then freely to decorate their cupsakClose guidance will ensure
completion of the worksheet

Design make and test (using paper)
» Children at this age tend to get bored when twaeoutive lessons contain more or
less thesame practical material e.g. using paper to construct different products.

Design, make and test (where do wheels come from)

» The childrendo not want to listen to explanations, they want to do/make things.
The method of info first (reading interesting factsen apply the newly gained
knowledge was a disaster. The method of transfgiriformation should be done
in such a creative way that the children’s curipstnot lost.

3.3— General factors that influence the success ofrttazvention

» For an intervention like this to be successful ischool you need thieuy-in from
both the head master and the teacher in whosetblasstervention will take place.
The parents also need to support their child takiag in Science and Technology
classes.

» Social interaction plays a critical role in the success or failurd anen the flow of
alesson e.g.

0 who wants to sit next to whom,

0 itis sometimes necessary to create distance betalgklren where there are
too much competition as they will tend to copy eatier in stead of doing
their own thing.

o colour preferences might cause unhappiness e lgwaait “red”

0 Give each child his/her own equipment to work withey are very scared
that they do not get the same as the others

0 Assure the children that everyone will receive #@mme equipment to
prevent them from trying to get hold of everything.

» Lesson time: no longer than an hour to complete
» Group sizee When the group is larger than 6 the children migét frustrated

because they do not get helped immediately — aeg tieed a lot of help due to
skills that still need to be developed.



« Make sure that thexperiments work beforehand, the children loose interest
otherwise. “Immediate gratification is a distinvetifeature of the first seven years in
a child’s life“(Peel, S. & Prinsloo, F: 16)”

* Preparation of experimental material is crucialways take extra as outcomes
may vary from the intended (plastic spoons brea&renchildren than expected,
perfectionists, want to try again, are not happyhe first attempt etc.)

» Observations can be captured by making use of drawings of tseilt® of an
experiment or of what they built. At first theyghi not want to because it is a skill
that they still need to develop. Ask each onexjgan their drawing. Remember
there are no right or wrong drawings.

* There should be time planned during each lessosefbexplor ation.

» Children at this age start to read. Wsamic Sans M Sfont on their worksheets for
them to recognise the letters.

* Give andtake equipment/material away. If you want the children to listen,
remove all material that might distract their atim

* Arrange the classsoom in such a way that all children are able to sed an
participate especially when you are demonstratipgrecipal.

« All the children in the class will not necessaltilg interested in theame Science
content. Some children enjoyed the lessons on electrigltife others enjoyed the
“craft” part more when sound and mixtures were @nésd.

4. Needsthat wereidentified

There is a need to gather more research datagongiae the impact of such an intervention
through:
» Baseline assessment of each child before expostie intervention
0 Possible pre-assessment of each child (skillsetge
o Parental background and attitude toward SciencelTaotnology (Scientific
influenced/not)
0 Access to computers and cell phones at home opkcho
o Teacher/school as environment’s attitude towarer8& and Technology
 Methods to improve participation from all the chhdd especially the ones
apparently not interested
e In order to understand and optimise intended andtemded outcomes of this
intervention we need to explore and understandialf@ving:
0 What is Science and Technology to this age group
o0 Level of a child’s development at age group 5to 7
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0 What is learning (Learning cycle)
= Active engagement
= Participation/Exploration
= Frequent interaction and feedback
= Connections to the real world contexts
0 What influences a child’s learning
» Translation of lesson material into other SA largpsa
* Models for sustainability of such an intervention

5. Conclusion

There is a difference between reality and interml#domes for each lesson. Outcomes are
determined by the specific group of children, tbatent, the educator and the environment.
The content as well as the method of presentationld be flexible in order to ensure that
the primary goal of “Science and Technology is fisi'achieved with every lesson. Fun
does not mean that there are no rules. Childned te get unruly when they are having
fun. Itis important to communicate clear rules@bwhat is expected from them and what
behaviour is acceptable.

Most of the content is new to the children. lalg/ays good to incorporate something
familiar into each lesson to build the child’s cdehce. The content should be simple and
relevant but challenging. Children feel a grealdd achievement when they manage to
do something they perceived as difficult. It ipontant not to underestimate the children.

Each child should be treated as an individualis Tiight be their first encounter with
Science and Technology and great care must be taieto scare them away, but rather
stimulate their curiosity and creative nature. Tédren will not find all the content
appealing which will make some lessons more sutebsin others.

TekkiTots can change attitudes of “I cannot tar,cl don’'t want to, to | want to try and
I do not know but | can learn or will you help/teane”.
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