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About this unit Marvellous micro-organisms
Micro-organisms affect everyone. Some are helpful, while others are harmful. Pathogenic micro-organisms
can cause diseases like sore throats, influenza, tuberculosis and AIDS. Decomposer micro-organisms
decay rotting plant and animal matter, returning important nutrients back into the soil. Food spoilage
micro-organisms such as mould ruin stored food. Other bacteria and yeasts are vital to the production of
food and drinks like yoghurt and bread, and beer and wine.

The Marvellous micro-organisms unit is an ideal way to link science with literacy in the classroom. It
provides opportunities for students to develop an understanding of the role of micro-organisms in food

and medicine. Students investigate the conditions micro-organisms need to grow, learn about yeast and
the bread-making process, and research the development of penicillin.



© Australian Academy of Science, September 2012. Revised June 2020.

Except as set out below or as allowed under relevant copyright law, you may not reproduce, communicate or otherwise use
any of this publication in any of the ways reserved to the copyright owner without the written permission of the Australian
Academy of Science.

For permissions, contact PrimaryConnections.

Educational purposes

If you work in an Australian educational institution, you may be able to rely on the provisions in Part VB of the Copyright Act
1968 (Cth) to photocopy and scan pages of this publication for educational purposes. These provisions permit a “reasonable
portion” of a publication to be copied (usually, 10% or 1 chapter, but more if this publication is not commercially available in a
reasonable time at an ordinary commercial price).

Notwithstanding the above, the individual teacher or organisation that purchased this publication new may photocopy or
print out those pages that are marked “Resource sheet” to give hardcopy copies to his, her or its own students to use.

Australian education users may freely use this material for non-commercial educational purposes.
Published by the Australian Academy of Science.

GPO Box 783

Canberra ACT 2601

Telephone: (02) 6201 9400

Email: pc@science.org.au

www.primaryconnections.org.au

Typesetter: Sharyn Raggett
Font: Helvetica Neue, DIN
Print house: Daniels Printing Craftsmen

ISBN 978 0 85847 713 1

Acknowledgments

The PrimaryConnections — Linking Science with Literacy project is supported by the Australian Government.

Thanks to the trial teachers and students of the trial schools Australia-wide and Fellows of the Australian Academy of Science
who contributed to this unit.

All material identified by @ is material subject to copyright under the Copyright Act 1968 (Cth) and is owned by the Australian
Curriculum, Assessment and Reporting Authority 2020.

For all Australian Curriculum material except elaborations: This is an extract from the Australian Curriculum.
Elaborations: This may be a modified extract from the Australian Curriculum and may include the work of other authors.

Disclaimer: ACARA neither endorses nor verifies the accuracy of the information provided and accepts no responsibility for
incomplete or inaccurate information. In particular, ACARA does not endorse or verify that:

e The content descriptions are solely for a particular year and subject;
e All the content descriptions for that year and subject have been used; and
e The author’s material aligns with the Australian Curriculum content descriptions for the relevant year and subject.

You can find the unaltered and most up to date version of this material at http://www.australiancurriculum.edu.au

This material is reproduced with the permission of ACARA.

Disclaimers

The views expressed here are those of the author and do not necessarily represent the views of the Australian Government.

These materials are intended for education and training only. Every effort is made to ensure the accuracy of the information
presented in these materials. We do not assume any liability for the accuracy or completeness of the information contained
within. The Australian Academy of Science accepts no liability or responsibility for any loss or damage whatsoever suffered
as a result of direct or indirect use or application of any of these training materials.



———————————

The PrimaryConnections teaching and learning approach
Unit at a glance

Marvellous micro-organisms —Alignment with the Australian
Curriculum

Teacher background information

viii

iX

XVi

|

<

Lesson @ The Y factor

I Lesson(2)
I Lesson(3®)
I Lesson (%)
I Lesson (5)
‘ Lesson ()

Lesson(7)
|

Lesson(8)

|

Appendix 1
Appendix 2

Appendix 3
Appendix 4
Appendix 5
Appendix 6
Appendix 7
Appendix 8

Appendix 9

Yeast feast

Putting the heat on yeast
Knead the loaf

Food observations
Mystery moulds

Medical micro-organisms

Micro-organisms experts

How to organise collaborative learning teams (Year 3—Year 6)

How to use a science journal

How to use a word wall

How to use a TWLH chart

How to facilitate evidence-based discussions
How to write questions for investigations
How to conduct a fair test

Marvellous micro-organisms equipment list

Marvellous micro-organisms unit overview

w

0

N
N

N
[« <]

w
-

N
N

B
[o)

[S ) NS |
gl -

[3;]
~N

[3)]
0

[=2]
o

(2]
N

64



Foreword

Never has there been a more important time for science in Australia. More than ever, we
need a scientifically-literate community to engage in debates about issues that affect us all.
We also need imaginative thinkers to discover the opportunities in our exponentially
expanding knowledge base. Teachers play a vital role in nurturing the minds of our future
citizens and scientists.

The Australian Academy of Science has a long, proud history of supporting science
education. Our primary education program, PrimaryConnections: linking science with
literacy, now has over 15 years’ experience in supporting teachers to facilitate quality
learning experiences in their classrooms. Regular evaluations demonstrate the significant
impact the program can have on both teacher confidence and student outcomes.

PrimaryConnections has been developed with the financial support of the Australian
Government and endorsed by education authorities across the country. It has been guided
by its Steering Committee, with members from the Australian Government and the Australian
Academy of Science, and benefitted from input by its Reference Group, with representatives
from all states and territories.

Key achievements of the program include engaging over 24,000 Australian teachers in
professional learning workshops, producing multi award-winning curriculum resources, and
developing an Indigenous perspective framework that acknowledges the diversity of
perspectives in Australian classrooms.

The PrimaryConnections teaching and learning approach combines guided inquiry, using
the 5Es model, with hands-on investigations. It encourages students to explore and test their
own, and others’, ideas and to use evidence to support their claims. It focuses on
developing the literacies of science and fosters lasting conceptual change by encouraging
students to represent and re-represent their developing understandings. Students are not
only engaged in science, they feel that they can do science.

This is one of 40 curriculum units developed to provide practical advice on implementing the
teaching and learning approach while meeting the requirements of the Australian Curriculum:
Science. Trialled in classrooms across the country and revised based on teacher feedback,
and with the accuracy of the teacher background information verified by Fellows of the
Academy, the experience of many brings this unit to you today.

| commend PrimaryConnections to you and wish you well in your teaching.
Professor John Shine, AC Pres AA

President (2018-2022)
Australian Academy of Science



Marvellous micro-organisms

The PrimaryConnections teaching and learning approach

PrimaryConnections units embed inquiry-based learning into a modified 5Es instructional
model. The relationship between the 5Es phases, investigations, literacy products and
assessment is illustrated below:

PrimaryConnections 5Es teaching and learning model

ENGAGE Engage students and elicit prior knowledge Diagnostic assessment
EXPLORE Provide hands-on experience of the phenomenon Formative assessment
EXPLAIN Develop scientific explanations for observations and Formative assessment

represent developing conceptual understanding
Consider current scientific explanations

ELABORATE Extend understanding to a new context or make Summative assessment
connections to additional concepts through a student- of the Science Inquiry Skills
planned investigation

EVALUATE Students re-represent their understanding and reflect Summative assessment
on their learning journey, and teachers collect evidence | of the Science Understanding
about the achievement of outcomes

More information on PrimaryConnections 5Es teaching and learning model can be found at:
www.primaryconnections.org.au

Reference: Bybee, R.W. (1997). Achieving scientific literacy: from purposes to practical action. Portsmouth, NH:
Heinemann.

Developing students’ scientific literacy

The PrimaryConnections program supports teachers in developing students’ scientific
literacy. Scientific literacy is considered the main purpose of school science education and
has been described as an individual’s:

e scientific knowledge and use of that knowledge to identify questions, acquire new
knowledge, explain scientific phenomena and draw evidence-based conclusions about
science-related issues

e understanding of the characteristic features of science as a form of human knowledge
and enquiry

e awareness of how science and technology shape our material, intellectual and
cultural environments

e willingness to engage in science-related issues, and with the ideas of science,
as a reflective citizen.
Reference: Programme for International Student Assessment & Organisation for Economic Co-operation

and Development. (2009). PISA 2009 assessment framework: key competencies in reading, mathematics and
science. Paris: OECD Publishing.
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Linking science with literacy

PrimaryConnections has an explicit focus on developing students’ knowledge, skills,
understanding and capacities in science and literacy. Units employ a range of strategies to
encourage students to think about and to represent science.

PrimaryConnections develops the literacies of science that students need to learn and to
represent their understanding of science concepts, processes and skills. Representations
in PrimaryConnections are multi-modal and include text, tables, graphs, models, drawings
and embodied forms, such as gesture and role-play. Students use their everyday literacies
to learn the new literacies of science. Science provides authentic contexts and meaningful
purposes for literacy learning, and also provides opportunities to develop a wider range of
literacies. Teaching science with literacy improves learning outcomes in both areas.

Assessment

Science is ongoing and embedded in PrimaryConnections units. Assessment is linked to
the development of literacy practices and products. Relevant understandings and skills are
highlighted at the beginning of each lesson. Different types of assessment are emphasised in
different phases:

Diagnostic assessment occurs in the Engage phase. This assessment is to elicit students’
prior knowledge so that the teacher can take account of this when planning how the Explore
and Explain lessons will be implemented.

Formative assessment occurs in the Explore and Explain phases. This enables the teacher
to monitor students’ developing understanding and provide feedback that can extend and
deepen students’ learning.

Summative assessment of the students’ achievement developed throughout the unit
occurs in the Elaborate phase for the Science Inquiry Skills, and in the Evaluate phase for the
Science Understanding.

Rubrics to help you make judgments against the relevant achievement standards of the
Australian Curriculum are available on our website:
www.primaryconnections.org.au

Safety
Learning to use materials and equipment safely is central to working scientifically. It is
important, however, for teachers to review each lesson before teaching, to identify and

manage safety issues specific to a group of students. A safety icon AW is included in lessons
where there is a need to pay particular attention to potential safety hazards.
The following guidelines will help minimise risks:

e Be aware of the school’s policy on safety in the classroom and for excursions.

e (Check students’ health records for allergies or other health issues.

e Be aware of potential dangers by trying out activities before students do them.

e (Caution students about potential dangers before they begin an activity.

e (Clean up spills immediately as slippery floors are dangerous.

e Instruct students never to smell, taste or eat anything unless they are given permission.

e Discuss and display a list of safe practices for science activities.


http://www.primaryconnections.org.au
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Teaching to the Australian Curriculum: Science

The Australian Curriculum: Science has three interrelated strands —Science Understanding,
Science as a Human Endeavour and Science Inquiry Skills—that together ‘provide students
with understanding, knowledge and skills through which they can develop a scientific view
of the world” (ACARA 2020).

The content of these strands is described by the Australian Curriculum as:

Science Understanding

Biological sciences Understanding living things
|
Understanding the composition and behaviour of substances

I Earth and space sciences I Understanding Earth’s dynamic structure and its place in the cosmos I

Physical sciences Understanding the nature of forces and motion, and matter and energy

Science as a Human Endeavour

Nature and development of An appreciation of the unique nature of science and scientific knowledge
science including how current knowledge has developed over time through the actions
of many people

Use and influence of science | How science knowledge, and applications affect people’s lives, including their
work, and how science is influenced by society and can be used to inform
decisions and actions

Science Inquiry Skills

Questioning and predicting Identifying and constructing questions, proposing hypotheses and suggesting
possible outcomes
|
Planning and conducting Making decisions about how to investigate or solve a problem and carrying
out an investigation, including the collection of data

Processing and analysing Representing data in meaningful and useful ways, identifying trends, patterns
data and information and relationships in data, and using this evidence to justify conclusions

Evaluating Considering the quality of available evidence and the merit or significance of a
claim, proposition or conclusion with reference to that evidence

Communicating Conveying information or ideas to others through appropriate
representations, text types and modes

Above material is sourced from the Australian Curriculum: Australian Curriculum Assessment and Reporting
Authorlty (ACARA). (2020). Australian Curriculum: Science. www.australiancurriculum.edu.au

PrimaryConnections units support teachers to teach each Science Understanding detailed
in the Australian Curriculum: Science from Foundation to Year 6. Units also develop students’
skills and knowledge of the Science as a Human Endeavour and Science Inquiry Skills
sub-strands, as well as specific sub-strands within the Australian Curriculum: English,
Mathematics and Design and Technologies. Detailed information about its alignment with the
Australian Curriculum is provided in each unit.
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Unit at a glance Marvellous micro-organisms

ENGAGE Lesson 1 To capture students’ interest and find out what
The Y Factor they think they know about bread, the bread-
Session 1 making process and the yeast micro-organism
Exploring bread To elicit students’ questions about yeast
Session 2
The bread-making
process
Session 3
Anton van
Leeuwenhoek:
Microscope maker
EXPLORE Lesson 2 To provide students with hands-on, shared
Yeast feast experiences of the yeast micro-organism
Lesson 3 To provide students with hands-on, shared
Putting the heat on experiences of the yeast micro-organism and the
yeast best temperature for it to be active and make gas
Lesson 4 To provide students with hands-on, shared
Knead the loaf experiences of the bread-making process
EXPLAIN Lesson 5 To support students to represent and explain
Food observations their understanding of the yeast micro-organism,
and to introduce current scientific views
ELABORATE Lesson 6 To support students to plan and conduct an
Mystery moulds investigation of the conditions that affect mould
Session 1 grOWth on food
A nightmare in my
lunch box
Session 2
Investigating mould
Lesson 7 To support students to read about the role
Medical micro- of micro-organisms in the discovery and
organisms development of the antibiotic, penicillin
EVALUATE Lesson 8 To provide opportunities for students to represent

viii

Micro-organisms
experts

what they know about micro-organisms, and to
reflect on their learning during the unit

A unit overview can be found in Appendix 9, page 69.
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Marvellous micro-organisms—Alignment with the
Australian Curriculum

Marvellous micro-organisms is written to align to the Year 6 level of the Australian
Curriculum: Science. The Science Understanding, Science Inquiry Skills, and Science as a
Human Endeavour strands are interrelated and embedded throughout the unit (see page xi
for further details). This unit focuses on the Biological sciences sub-strand.

Incorporation in Marvellous Students plan and conduct investigations of

micro-organisms: the conditions that affect the growth of yeast
and mould. Students devise testable
questions using dependent and independent
variables.

Al the material in the first row of this table is sourced from the Australian Curriculum.

Year 6 Achievement Standard
The Australian Curriculum: Science Year 6 achievement standard indicates the quality
of learning that students should demonstrate by the end of Year 6.

By the end of Year 6, students compare and classify different types of observable
changes to materials. They analyse requirements for the transfer of electricity and
describe how energy can be transformed from one form to another when generating
electricity. They explain how natural events cause rapid change to Earth’s surface.
They describe and predict the effect of environmental changes on individual
living things. Students explain how scientific knowledge helps us to solve
problems and inform decisions and identify historical and cultural
contributions.

Students follow procedures to develop investigable questions and design
investigations into simple cause-and-effect relationships. They identify
variables to be changed and measured and describe potential safety risks
when planning methods. They collect, organise and interpret their data,
identifying where improvements to their methods or research could improve
the data. They describe and analyse relationships in data using appropriate
representations and construct multimodal texts to communicate ideas,
methods and findings.

The sections relevant to Marvellous micro-organisms are bolded above. By the end
of the unit, teachers will be able to make evidence-based judgements on whether the
students are achieving below, at or above the achievement standard for the sections
bolded above.
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Marvellous micro-organisms—Australian Curriculum Key ideas

In the Australian Curriculum: Science, there are six key ideas that represent key aspects of a
scientific view of the world and bridge knowledge and understanding across the disciplines
of science. The below table explains how these are represented in Marvellous micro-

organisms.

Overarching idea Incorporation in Marvellous micro-organisms

Patterns, order and
organisation

Form and function

Stability and change
Scale and
measurement

Matter and energy

Systems

Students identify micro-organisms as living things that grow and multiply in
favourable conditions and identify patterns of growth through the collection and
representation of data.

Students explore how the microscopic form of micro-organisms helps them
to break down and recycle dead plant and animal material. They discuss the
function of micro-organisms in medicine and food production.

Students explore the growth of mould spores and investigate the conditions
that encourage the growth of food mould.

Students explore living things on a microscopic scale, such as yeast, mould
and bacteria.

Students explore the role of yeast in making bread rise and the conditions
needed for yeast to be active. They explain how yeast makes bread lighter by
making a gas in the dough.

Students describe the relationship within a system by describing the role of
yeast in the bread-making process by using a flow chart.
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Marvellous micro-organisms—Australian Curriculum:
Science

Marvellous micro-organisms embeds all three strands of the Australian Curriculum: Science.
For ease of reference, the table below outlines the sub-strands covered in Marvellous micro-
organisms, the content descriptions for Year 6 and their aligned lessons.

Science Biological ACSSU094 |« The growth and survival of living things 1,2,8,
Understanding sciences are affected by the physical conditions of 4,5,8
(SU) their environment

Science as Nature and ACSHEO98 = Science involves testing predictions by 1,3,6-8
a Human development of gathering data and using evidence to

Endeavour science develop explanations of events and

(SHE) phenomena and reflects historical and

cultural contributions

Use and ACSHE100 | Scientific knowledge is used to solve 1,5-7
influence of problems and inform personal and
science community decisions
Science Questioning and . ACSIS232 With guidance, pose clarifying questions 2,3,6
Inquiry Skills predicting and make predictions about scientific
(SIS) investigations
Planning and ACSIS103 |dentify, plan and apply the elements of 2-4,6
conducting scientific investigations to answer

questions and solve problems using
equipment and materials safely and
identifying potential risks

ACSIS104 Decide variables to be changed and © 3 ¢
measured in fair tests, and observe
measure and record data with accuracy
using digital technologies as appropriate

Processing and ACSIS107 = Construct and use a range of 3,6
analysing data representations, including tables and
and information graphs, to represent and describe

observations, patterns or relationships in
data using digital technologies as
appropriate

ACSIS221 Compare dajta with prqdiotions ano! use 3,5 6
as evidence.in.developing explanations

ACSIS108 | Reflect on and suggest improvements 6

Evaluating
to scientific investigations

Communicate ideas, explanations and 1358
processes using scientific representations Y
in a variety of ways, including multi-modal

texts

Communicating ACSIS110

@ All'the material in the first four columns of this table is sourced from the Australian Curriculum.

General capabilities

The skills, behaviours and attributes that students need to succeed in life and work in the
21st century have been identified in the Australian Curriculum as general capabilities.
There are seven general capabilities and they are embedded throughout the units.

For further information see: www.australiancurriculum.edu.au

For examples of our unit-specific general capabilities information see the next page. xi
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Marvellous micro-organisms—Australian Curriculum general capabilities

General Australian Curriculum description Marvellous micro-organisms examples
capabilities

Literacy

Numeracy

Information and
communication

technology (ICT)
competence

&)

Critical and
creative thinking

Ethical behaviour

@)

Personal
and social
competence

@

Intercultural
understanding

Literacy knowledge specific to the study
of science develops along with scientific
understanding and skills.

PrimaryConnections learning activities
explicitly introduce literacy focuses and
provide students with the opportunity to
use them as they think about, reason and
represent their understanding of science.

Elements of numeracy are particularly evident
in Science Inquiry Skills. These include
practical measurement and the collection,
representation and interpretation of data.

ICT competence is particularly evident

in Science Inquiry Skills. Students use
digital technologies to investigate, create,
communicate, and share ideas and results.

Students develop critical and creative
thinking as they speculate and solve
problems through investigations, make
evidence-based decisions, and analyse

and evaluate information sources to draw
conclusions. They develop creative questions
and suggest novel solutions.

Students develop ethical behaviour as they
explore ethical principles and guidelines in
gathering evidence and consider the ethical
implications of their investigations on others
and the environment.

Students develop personal and social
competence as they learn to work effectively
in teams, develop collaborative methods of
inquiry, work safely, and use their scientific
knowledge to make informed choices.

Intercultural understanding is particularly
evident in Science as a Human Endeavour.
Students learn about the influence of people
from a variety of cultures on the development
of scientific understanding.

In Marvellous micro-organisms the literacy
focuses are:

e word wall

science journal

table

TWLH chart

flow chart

factual recount
procedural text
summary

labelled diagram
information report text.

Students:

e use measurement (quantity, time,
temperature and area)

e use measurement equipment
appropriately (cup measures, teaspoon
measure, thermometer, ruler and timer)

e record accurate daily measurements

e graph measurement results.

Students are given optional opportunities to:

e use a digital microscope to view mould

e use computer programs to design a flow
chart

e use the internet to find further information

e use a digital camera to record findings.

Students:
e use reasoning to develop questions for
investigations

e formulate, pose and respond to questions

e consider different ways to think about
living things that they cannot see

e develop evidence-based claims about the
growth of yeast and mould.

Students:

e ask questions respecting each other’s
point of view

Students:

e work cooperatively in teams

e participate in discussions

e follow safety guidelines and suggest
reasons for safety rules

e use their understanding about the
conditions for mould growth to consider
food decay and its prevention.

e ‘Cultural perspectives’ opportunities are
highlighted where relevant.

e |mportant contributions made to science
by people from a range of cultures are
highlighted where relevant.

@ All the material in the first two columns of this table is sourced from the Australian Curriculum.



Alignment with the Australian Curriculum:

English and Mathematics

English-
Language

English-
Literacy

Language
variation and
change

Language for
interaction

Expressing
and developing
ideas

Phonics and
word
knowledge

Interacting with
others

Interpreting,
analysing,
evaluating

Creating texts

ACELA1515

ACELA1517

ACELA1524

ACELA1526

ACELY1709

ACELY1816

ACELY1710

ACELY1711

ACELY1712

ACELY1713

ACELY1714

ACELY1717

Marvellous micro-organisms

Understand that different social and geographical = 1-8
dialects or accents are used in Australia in
addition to Standard Australian English

Understand the uses of objective and subjective

language and bias

Identify and explain how analytical images like
figures, tables, diagrams, maps and graphs

O‘|_L
EEN
®

IS

cn_k
oM
~

>

contribute to our understanding of verbal
information in factual and persuasive texts

Understand how to use knowledge of known 1
words, word origins including some Latin and 5

o N

NG
o N

Greek roots,base words, prefixes, suffixes,
letter patterns and spelling generalisations to
spell new words including technical words

Participate in and contribute to discussions, 1
clarifying and interrogating ideas, developing and = 6

®
o

supporting arguments, sharing and evaluating
information, experiences and opinions

Use interaction skills, varying conventions of
spoken interactions such as voice volume,

o
®
o

tone, pitch and pace, according to group size,
formality of interaction and needs and expertise

of the audience

Plan, rehearse and deliver presentations, 8
selecting and sequencing appropriate content

and multimodal elements for defined audiences

and purposes, making appropriate choices for

modality and emphasis

Analyse how text structures and language 1,8
features work together to meet the purpose of a

text

Select, navigate and read texts for a range of 1,7
purposes, applying appropriate text processing
strategies and interpreting structural features, for
example table of contents, glossary, chapters,

headings and subheadings

Use comprehension strategies to interpret 1,6,7
and analyse information and ideas, comparing
content from a variety of textual sources

including media and digital texts

Plan, draft and publish imaginative, informative 6,8
and persuasive texts, choosing and

experimenting with text structures, language

features, images and digital resources

appropriate to purpose and audience

Use a range of software, including word 1,5,8
processing programs, learning new functions as

required to create texts

Xiii
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Sub-strand Code Year 6 content description Lessons

ACMMG136 | Convert between common metric units of length, = 2

Measurement measurement mass and capacity

I Mathematics-
I and Geometry I

I Using units of

ACMMG137 | Solve problems involving the comparison of

lengths and areas using appropriate units

ACMMG138 = Connect volume and capacity and their units of

measurement

Data ACMSP147
representation
and

interpretation

Mathematics-
Statistics and
Probability

Interpret and compare a range of data displays,
including side-by-side column graphs for two
categorical variables

@ All the material in the first four columns of this table is sourced from the Australian Curriculum.

Xiv
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Cross-curriculum priorities
There are three cross-curriculum priorities identified by the Australian Curriculum:

e Aboriginal and Torres Strait Islander histories and cultures
e Asia and Australia’s engagement with Asia

e Sustainability.

For further information see: www.australiancurriculum.edu.au

Aboriginal and Torres Strait Islander histories and cultures

The PrimaryConnections Indigenous perspectives framework supports teachers’
implementation of Aboriginal and Torres Strait Islander histories and cultures in science.
The framework can be accessed at: www.primaryconnections.org.au

Marvellous micro-organisms focuses on the Western science way of making evidence-
based claims about micro-organisms and their impact on people and the environment.

Aboriginal and Torres Strait Islander Peoples might have other explanations for the
existence of micro-organisms and how they can be both beneficial and harmful.
Indigenous knowledge encompasses dealing with disease and ways of cooking that are
different to the Western understandings depicted in Marvellous micro-organisms.

PrimaryConnections recommends working with Aboriginal and Torres Strait Islander community
members to access local and relevant cultural perspectives. Protocols for engaging with
Aboriginal and Torres Strait Islander community members are provided in state and territory
education guidelines. Links to these are provided on the PrimaryConnections website.

Sustainability

The Marvellous micro-organisms unit provides opportunities for students to develop an
understanding of how the growth of some living things can be impacted by environmental
conditions, including changes due to human impact. This can assist them to develop
knowledge, skills and values for making decisions about individual and community actions
that contribute to sustainable patterns of use of the Earth’s natural resources.

In Marvellous micro-organisms students consider their social environment when they
explore the social impact of scientific discoveries. They learn about research into penicillin
and the impact it had on the recovery of sick people in post World War Il society. They also
explore their ecological and economic environments when they read about the history of
the microscope from its humble beginnings as a hobby to a common scientific tool in the
world’s laboratories, providing scientists with valuable information that has changed our
understanding of ecology.

XV
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Teacher background information

Introduction to micro-organisms

Micro-organisms are organisms (living things) so small that as individual cells they are
impossible to see with the naked eye. They are much simpler than larger organisms, such as
animals and plants. Many micro-organisms, for example, bacteria and yeast, are made up of
only a single living cell. When individual cells grow and multiply in number they can be seen
as bacterial or yeast colonies which contain millions of cells.

While they are simple, micro-organisms are incredibly successful survivors. They live and
thrive in virtually every environment on Earth, including deep oceans, steaming-hot geysers,
the freezing poles and the driest deserts. Micro-organisms even live inside larger creatures,
including humans, where they often carry out important functions for their host, for example,
aiding digestion. However, some micro-organisms can also cause illness and disease in their
hosts. Such organisms are known as pathogens.

Like larger organisms, micro-organisms feed, grow and reproduce. Most micro-organisms
reproduce asexually, that is, without sex. One way they do this is by doubling everything in
the cell and then splitting equally into two genetically identical ‘daughter cells’. Both bacteria
and yeasts (which are a kind of single-celled fungus) reproduce this way. Other kinds of
fungus can reproduce asexually by producing spores which grow when they land in an
environment with a food supply and the right levels of warmth and moisture.

Humans have used micro-organisms for thousands of years in food production. Foods that
are made using micro-organisms include bread, yoghurt, cheese, sauerkraut, pickles, salami,
beer, wine and spirits. Baker’s yeast, for example, is used to make bread rise and to give it
flavour. Yeast breaks down sugars for energy and produces carbon dioxide gas and alcohol
as waste products. The carbon dioxide is trapped in the dough and makes it rise; the alcohol
is burnt off in the baking process but contributes to the flavour of the final loaf.

While they are important to food production, micro-organisms are also responsible for
making food decay or ‘go off’. Mould, which grows on bread and other foods, is a kind of
fungus. Bacteria can grow on and in meat that is improperly stored or handled, causing it to
spoil and become unfit to eat. Bacteria can also spoil milk, causing it to curdle and become
sour by making it more acidic. Sometimes micro-organisms growing undetected in food give
us food infections or food poisoning. This is one reason why we cook food or wash it before
eating it.

Micro-organisms are very important in medicine. Many diseases in humans are caused

by micro-organisms (for example, bacteria cause cholera, tetanus, tuberculosis and food
poisoning, while fungi cause ringworm and tinea). However, micro-organisms are also useful
in treating diseases. Penicillin, the first antibiotic, is produced naturally by the Penicillium
mould. Before antibiotics were discovered, people died from bacterial infections of wounds
and from food infections.

In 1928 Biritish researcher Dr Alexander Fleming observed that Penicillium mould
contaminated a bacterial culture he was studying and inhibited the bacterial growth.
Penicillin was developed into a usable drug by Australian Dr Howard Florey and his
co-worker, Dr Ernst Chain, in the 1940s. In 1945 Howard Florey, Alexander Fleming and
Ernst Chain were awarded the Nobel Prize in Medicine in recognition of their discovery.
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Students’ conceptions

Taking account of students’ existing ideas is important in planning effective teaching
approaches which help students learn science. Students develop their own ideas during
their experiences in everyday life and might hold more than one idea about an event

or phenomenon.

XVii






To capture students’ interest and find out what they think they know about bread,
the bread-making process and the yeast micro-organism.

To elicit students’ questions about yeast.

Session 1 Exploring bread

Students:
e observe, taste and record information about different types of bread
e share and discuss observations.

Session 2 The bread-making process

Students:

e use a flow chart to represent what they think they know about the
bread-making process.

Session 3 Anton van Leeuwenhoek: Microscope maker
Students:

* read and discuss a factual recount about Anton van Leeuwenhoek

» discuss the words ‘microscope’ and ‘micro-organism’

* reflect on the lesson.

Lesson focus

The focus of the Engage phase is to spark students’ interest, stimulate their curiosity, raise
questions for inquiry and elicit their existing beliefs about the topic. These existing ideas
can then be taken account of in future lessons.

Assessment focus

Diagnostic assessment is an important aspect of the Engage phase. In this lesson you
will elicit what students already know and understand about:

e the growth and survival of yeast, and how it is affected by the physical conditions of
its environment. How scientific understandings about micro-organisms and inventions,
such as the microscope, are used to solve problems that directly affect people’s lives,
and how to communicate their existing ideas about what they know of the bread-
making process in a flow chart.

Lesson 1 The Y factor 1
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Key lesson outcomes

Science Literacy

Students will be able to represent their Students will be able to:

current understanding as they: e contribute to discussions about different

e use their senses of sight, touch, smell types of bread
and taste to make observations e use bread labels to locate ingredient

e represent what they think they know information and synthesise
about the bread-making process as a understanding of bread ingredients
flow chart e record information in a table to help

e explain that yeast is an ingredient in develop an explanation of the role of
some breads yeast in bread

e describe Anton van Leeuwenhoek’s e represent what they think they know
contribution to the study of micro- about the bread-making process as a
organisms. flow chart

e understand the purpose, structure and
features of a factual recount

e read a factual recount about Anton van
Leeuwenhoek and identify the key points.

This lesson also provides opportunities to monitor the development of students’ general
capabilities (highlighted through icons, see page xii).

Session 1 Exploring bread

Teacher background information

Bread can be ‘leavened’ (risen) or ‘unleavened’ (flat). The basic ingredients of leavened bread
are flour, water, yeast and salt. Yeast is added to make the bread rise. A common form of
bread eaten in Australia is white bread, containing baker’s yeast and flour made by grinding
grains of wheat (a cereal seed), but many other kinds of bread are also eaten. Different kinds
of flour can be used, including wholemeal wheat flours and flour from corn, rye and other
cereals. Whole grains, other seeds or herbs can also be added to bread to alter its flavour,
texture and appearance.

Various kinds of flatbread are made by cooking a mixture of flour, water and salt. After people
discovered that adding yeast to the bread dough would make it rise, they began making
leavened bread. This is softer and less dense than flatbreads. Sourdough breads, common

in Europe, are prepared using both yeast and a species of the Lactobacillus bacteria. The
bacteria produces lactic acid as a waste product, which acidifies the bread and gives it a
sour flavour. The acidity of the bread also makes it hard for other micro-organisms to grow,
helping the bread to resist spoilage from mould and bacteria.

2 Lesson1 The factor



Equipment

FOR THE CLASS

e class science journal
e word wall

e TWLH chart

e team roles chart

e team skills chart

e 3 different varieties of bread and their
wrappers; including 1 yeast-free variety (eg,
chapatti, tortilla, roti, lavash)

e 1 enlarged copy of ‘Observation record:
Exploring bread’ (Resource sheet 1)

e optional: an A3 poster or overhead
projection of lists of bread ingredients

Marvellous micro-organisms

FOR EACH TEAM

role wristbands or badges for Director,
Manager and Speaker

each team member’s science journal

1 plate or shallow container to hold bread
samples

1 set of tongs

1 copy of the ingredients list from each
bread wrapper

1 copy of ‘Observation record: Exploring
bread’ (Resource sheet 1) per team member

a sheet of paper towel per team member
1 magnifying glass

ENGAGE

Preparation

e Read ‘How to organise collaborative learning teams’ (Appendix 1). Display an enlarged
copy of the team skills chart and the team roles chart in the classroom. Prepare role
wristbands or badges and the equipment table.

e Read ‘How to use a science journal’ (Appendix 2).
e Read ‘How to use a word wall’ (Appendix 3).

e Read ‘How to use a TWLH chart’ (Appendix 4) and prepare a large four-column chart
for the class, with the following headings:

TWLH chart about micro-organisms

What we think How we know

we know

What we want What we learned

to learn

e Prepare an enlarged copy of ‘Observation record: Exploring bread’ (Resource sheet 1).
e Collect 3 different types of bread and their wrappers, including one yeast-free variety,

such as chapatti, tortilla, roti, lavash.
A Note: Some flat breads contain yeast. Check bread labels carefully before buying.

SAFETY Some students might have an intolerance to wheat, gluten and/or yeast.

e (Cut bread samples into small pieces so there is enough for each student to observe.

e Optional: Make a poster of showing lists of bread ingredients.
e QOptional: Read information about food labelling standards, for example, download the

poster available at https://www.foodstandards.gov.au/consumer/labelling/Pages/
interactive-labelling-poster.aspx

See https://www.sanitarium.com.au/health-nutrition/nutrition/understanding-food-
labels

Lesson1 TheYfactor 3
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Lesson steps

1

2

Show students the different types of bread you have been collecting. Keep the breads
with their wrappers so that students can easily read the names on the labels. Ask
students if they have ever eaten any of the breads before. Ask them to share the
names of breads they like to eat.

Record students’ responses on cards or paper strips. Commence a word wall. Invite

students to add words from different languages to the word wall, reminding them that
Standard Australian English is only one of many languages, dialects or accents found
in Australia.

Discuss a heading for this collection of words, for example, types of bread.

Draw students’ attention to the difference between a flat bread and a high-rise loaf.
Use questioning and discussion to support students in sharing their ideas about the
reason for the difference with questions, such as:

e \What differences do you notice about these two breads?
e What do you think caused the difference?

Lead a discussion to elicit students’ prior knowledge about bread and the bread-
making process, without providing any formal definitions or answers at this stage.

Note: Avoid introducing the word ‘yeast’ during this phase because the activity is
used for diagnostic assessment.

Ask students to record their ideas in their science journals.




@ 4
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Explain that students will be working in collaborative learning teams to explore different
types of bread. If students are using collaborative learning teams for the first time,
introduce and explain the team skills chart and the team roles chart. Explain that
students will wear role wristbands or badges to help them (and you) know which role
each team member has.

Draw students’ attention to the equipment table and discuss its use. Explain that this
table is where Managers will collect and return equipment.
Explain that students will record their findings in a table. Show an enlarged copy of the

‘Observation record: Exploring bread’ (Resource sheet 1), and discuss the purpose
and features of a table to record information.

Literacy focus

Why do we use a table?

We use a table to organise information so that we can understand it more easily.

What does a table include?

A table includes a title, columns with headings and information organised under
each heading.

Explain to students that they will be using their senses of sight, touch, smell and taste
in making their observations. Ask the students why they think it is important to get
evidence from real observations. Explain that they will also be looking at bread labels
to find out more about the key ingredients in bread. Discuss the various parts of a
food label, such as the name of the food, nutrition information, date marking, country
of origin and ingredients list.

Explain that Australian food standards require ingredients to be listed in descending
order of weight, so the major ingredient always comes first on the label. Discuss
why this information is important, for example, some people have food intolerances,
allergies or special dietary requirements as followers of certain religions.

Form teams and allocate roles. Ask Managers to collect team equipment.
Ask teams to observe bread samples and bread labels.

Note: If ingredient lists are particularly long, suggest students record the first six
ingredients only. This should include yeast.

When students have completed their ‘Observation record: Exploring bread’
(Resource sheet 1), discuss their findings. Focus attention on the differences
between bread containing yeast and yeast-free breads.

Lesson 1 The Y factor
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Resource sheet 1

Student work sample of ‘Observation record: Exploring bread’

@ 10 Introduce the title and first column on the TWLH chart (“What we think we know’).
Invite students to make contributions about the role of yeast in the bread-making
process and record these on the chart.

@ 11 Introduce the second column of the TWLH chart ("What we want to learn’) and
ask students to suggest questions they can investigate about yeast. Record their
questions on the chart. For example, students might ask:

e What is yeast?
e How does yeast make bread rise?
e Why are there holes in bread?



Observation record:
Exploring bread

Name:

|
|
PrimaryConnections’
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Date:

Feature

Bread name

Texture

Odour

Taste

Appearance

Ingredients

Copyright © Australian Academy of Science, 2020.
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Session 2 The bread-making process

Equipment
FOR THE CLASS FOR EACH STUDENT
e class science journal e student science journal
e word wall
e TWLH chart

Lesson steps

1 Review the previous session, referring to the word wall and TWLH chart. Ask students
whether they have ever made bread or watched bread being made. Explain that they are
going to use a flow chart to communicate their ideas about how a loaf of bread is made.

Literacy focus

Why do we use a flow chart?

We use a flow chart to show a sequence of events or the stages in a process.

What does a flow chart include?

A linear flow chart organises events or stages in a line. Arrows are used to indicate the
sequence in which they occur.

2 Introduce students to flow charts by constructing an example as a group activity using
another topic, for example, how to make a piece of toast.
Brainstorm the steps involved and record these on separate sheets of paper using
words and symbols. Discuss with students the best way to organise the steps. Paste
the final sequence into the class science journal and model the use of arrows between
the boxes (stages) to show direction in the flow chart.

3 Provide students with time to create a flow chart in their science journals about how
bread is made. Reassure students that they need not be anxious if they are unsure
about the process. Encourage them to make a good attempt and explain that as the
unit progresses, they will learn more about the bread-making process.

8 Lesson1 TheY factor
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Student work sample of a flow chart
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Session 3 Anton van Leeuwenhoek:
Microscope maker

Equipment

FOR THE CLASS FOR EACH STUDENT

e class science journal e student science journal

e word wall e 1 copy of ‘Anton van Leeuwenhoek:

e TWLH chart Microscope maker’ (Resource sheet 2)
Preparation

e Read ‘Anton van Leeuwenhoek: Microscope maker’ (Resource sheet 2) and decide
how you will use it with your class. It might be used as an independent reading task,
in teams or in guided reading groups.

Lesson steps

1 Explain that students are going to read a factual recount about a person who was
born more than 350 years ago and is still known today because of his hobby. Discuss
the purpose and features of a factual recount.

Literacy focus

Why do we use a factual recount?

We use a factual recount to describe experiences we have had. We can read a factual
recount to find out about things that have happened to someone else.

What does a factual recount include?

A factual recount might include descriptions of personal feelings and other people who
were part of the events. It is often written in past tense.

2 Arrange for students to read ‘Anton van Leeuwenhoek: Microscope maker’ (Resource
sheet 2) individually, in teams or in guided reading groups (see ‘Preparation’).

3 After students have read the text, ask them to brainstorm the key points and record

them in their science journals.

4 Ask students the name of the instrument that Anton van Leeuwenhoek made. Write
the word ‘microscope’ on the board, and ask students to identify parts of the word
(‘micro’ and ‘scope’). Discuss the meaning of each part.

5 Ask students to recall what things Anton van Leeuwenhoek saw under the microscope
and what he called them. Ask students whether they know what name we call those
things today. Tell them ‘micro’ is a clue. Write ‘micro-organism’ on the board along
with any other words that students suggest.

Lesson 1 The Y factor
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Discuss what the word ‘organism’ means and create a class definition for the word
‘micro-organism’.

Optional: Students might like to look up a dictionary to see how words such as
‘micro’, ‘organism’ and ‘micro-organism’ are defined.

6 Explain to students that in this unit they are going to be learning about micro-
organisms, especially those used to make bread (yeast) and in medicine (in this case,
penicillin).

7 Direct students’ attention to the word wall and add any new vocabulary.

8 Ask students to reflect on Sessions 1-3, including their observations of bread,
ingredients and the information about Anton van Leeuwenhoek.

@ 9 Re-form teams. Ask students to share with their team something new they learned
and something they found interesting from this lesson. Encourage them to consider
how micro-organisms and inventions such as the microscope have changed people’s
lives. Ask students to write a short reflection in their science journals.

Curriculum links

Science

e Students research bacteria.
Mathematics

e Establish conventions for designing flow charts.
Studies of Society and Environment

e Students research the role of bread and food in other cultures.

e Students research the process of farming, including wheat farming, and rural lifestyles.
Information and Communication Technology (ICT)

e Use computer programs to brainstorm and chart the steps involved in bread-making.
Indigenous perspectives

Indigenous people have been making damper for thousands of years. High in protein
and carbohydrates, the damper was made from seeds ground into a flour on millstones.
The flour was then mixed with water to make a dough and placed into hot ashes for
baking. Yeast, commonly used in modern breads, was not an ingredient of traditional
Indigenous dampet.

e To watch an elder making and cooking traditional bread see: https://
www.facebook.com/ABCIndigenous/videos/how-aboriginal-people-made-
bread/420688708864521/

¢ PrimaryConnections recommends working with Aboriginal and Torres Strait Islander
community members to access local and relevant cultural perspectives. Protocols for
engaging with Aboriginal and Torres Strait Islander community members are provided
in state and territory education guidelines. Links to these are provided on the
PrimaryConnections website (www.primaryconnections.org.au).

Lesson1 TheYfactor 11
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Anton van Leeuwenhoek
(Layu-un-hook]: Microscope maker

Name: Date:
PRSI PN
Y 4 % Anton van Leeuwenhoek (1632—-1723)
’ ‘ was born over 350 years ago in
l' Holland. He wasn’t a scientist but had
' ) @ hobby that allowed him to see a
L ¢ world that no one before him had seen.
\ Y 4
~ -y - s Leeuwenhoek was a businessman who bought and sold cloth.

To look closely at the fibre in the cloth, he used a little hand lens. This
hand lens magnified objects only three times but Leeuwenhoek enjoyed using it to look at things
in nature or even his own fingerprints. Leeuwenhoek became interested in how the lens was made
and he started to grind his own lenses and make his own microscopes. He found that he was very
good at making lenses. As a hobby, he made more than 250 simple microscopes. Some of these
microscopes could magnify objects 300 times. Leeuwenhoek set out to study as many things as
he could find. He looked at the sting of a bee and what mould was like. He looked at blood and
thin slices of plants. He looked at a drop of water and discovered little creatures moving in it. He
discovered little creatures everywhere. He called them animalcules. He was the first person to see
Mmicroscopic creatures.

Leeuwenhoek wrote down everything he saw and drew very accurate pictures. He wrote letters to
important scientific societies and told the scientists about his discoveries.

At first he wasn’t believed. Then the scientists of the Royal Society of London sent an observer to
Holland to meet him and to investigate his microscopes. The report was very good and caused such
excitement that Queen Anne of England and Czar Peter the Great of Russia visited Leeuwenhoek to
see the little creatures. Some years later, Leeuwenhoek was made a full member of the Royal Society
of London. Leeuwenhoek never gave up his fascinating hobby. He kept making new discoveries with
his home-made microscopes throughout his life. He died in 1723 when he was 91 years old.

Find out more at this website:
www.ucmp.berkeley.edu/history/leeuwenhoek.html

Copyright © Australian Academy of Science, 2020. Resource sheet 2




To provide students with hands-on, shared experiences of the yeast micro-organism.
Students:

e review what they think they know about yeast

e read and discuss a procedural text

e observe, record and deduce that yeast produces a gas when mixed with some
ingredients.

Lesson focus

The Explore phase is designed to provide students with hands-on experiences of the
science phenomenon. Students explore ideas, collect evidence, discuss their observations
and keep records such as science journal entries. The Explore phase ensures all students
have a shared experience that can be discussed and explained in the Explain phase.

Assessment focus

Formative assessment is an ongoing aspect of the Explore phase. It involves monitoring
students’ developing understanding and giving feedback that extends their learning. In this
lesson you will monitor students’ developing understanding of:

e the growth and survival of yeast, and how it is affected by the physical conditions of its
environment. You will also monitor their developing science inquiry skills
(see page xi).

Lesson 2 Yeast feast 13
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Key lesson outcomes

Science Literacy
Students will be able: Students will be able to:
e follow directions to investigate some e follow a procedural text to complete an
ingredients that make yeast produce gas investigation
(carbon dioxide) e use oral, written and visual language to
e make a prediction, observe, record and record and discuss investigation results
interpret the results of their investigation e engage in discussion to compare ideas,
e follow safety procedures and relate evidence from an investigation
e identify the features that made their to explanations about yeast
investigation a fair test e demonstrate understanding of the effect
e explain that when water and sugar are of sugar and water on yeast activity
added to yeast it produces a gas. through science journal entries.

This lesson also provides opportunities to monitor the development of students’ general
capabilities (highlighted through icons, see page xii).

Teacher background information

The yeast used in bread-making is a micro-organism that requires food and the right
temperature and conditions in which to grow. Yeast is activated by liquids, such as milk and
water. It breaks down sugars for energy and produces carbon dioxide gas and alcohol as
waste products. Yeast can also use enzymes to break down complex carbohydrates, for
example, starch (like the starches found in flour) into sugars, ready for it to be used as an
energy source. This is why sugar doesn’t have to be added when making bread, though it
sometimes is because it makes the process faster.

Carbon dioxide gets trapped in the dough, creating pockets of gas which make the
bread rise. When the dough is heated during baking, the heat causes the pockets of
gas to expand, making large spaces in the bread. The bread rises and becomes lighter.
The alcohol is evaporated or burnt off during baking, which is why people don’t get tipsy
after eating a sandwich.

Lesson 2 Yeast feast



Equipment

FOR THE CLASS

class science journal
word wall

TWLH chart

team roles chart
team skills chart

1 thermometer

1 kettle

3 x V2 tsp measure
3 x V4 cup measure
3 X 2 cup measure
water

1 funnel

1jug

1 timer

a ‘safety zone’

1 enlarged copy of ‘What happens when
yeast is mixed with sugar and water?’
(Resource sheet 3)

optional: digital camera to record students’
findings

Preparation

Prepare an enlarged copy of ‘What happens when yeast is mixed with sugar and

water?’ (Resource sheet 3)

Marvellous micro-organisms

FOR EACH TEAM

role wristbands or badges for Director,
Manager and Speaker

each team member’s science journal

1 copy of ‘What happens when yeast is
mixed with sugar and water?’ (Resource
sheet 3)

4 small plastic bottles (350-400 ml), all the
same size

4 balloons

1 funnel

self-adhesive tape

marking pen

3 x V2 tsp rapid rise active dry yeast
3 x ¥4 cup sugar

3 x V2 cup warm water (37°C)

Set up a ‘safety zone’ where you can prepare warm water. The water needs to be
neither hot nor cold, about 37°C. Work out a safety procedure for students to collect

warm water.

Find a warm area to place the mixture of yeast, sugar and water. A sunny window is
fine, but cool weather might mean turning on heating in the classroom. A lamp or a

heat pad might be other sources of warmth.

Purchase active dry yeast from the supermarket.
Note: Yeast is available in boxes that usually contain 7 g or 8 g sachets, or in a 280 g
bulk container. The 7 g sachets yield four to five ¥2 teaspoons. You will need two to

three sachets per team for this and Lesson 3.

Read ‘How to conduct a fair test’ (Appendix 7).

Lesson 2 Yeast feast
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Lesson steps

1

2
@3

@ 5

JAN

SAFETY

6
7
8

Review Lesson 1 and invite students to make further contributions to the first column
of the TWLH chart (‘What we think we know’). Review the second column of the
TWLH chart (‘What we want to learn’) and add any suggestions to the chart.

Review students’ understanding of micro-organisms and the fact that yeast is a
living micro-organism. Discuss what students think yeast needs if it is to stay alive.
Ask students to record their ideas in their science journals.

Explain that students will be working in collaborative learning teams to investigate
what happens when yeast is mixed with other substances, including sugar and water.
Read through an enlarged copy of ‘What happens when yeast is mixed with sugar
and water?’ (Resource sheet 3). Discuss the purpose and features of procedural texts.

Literacy focus

Why do we use a procedural text?

We use a procedural text to describe how something is done. We can read a procedural
text to find out how to do things.

What does a procedural text include?

A procedural text includes a list of materials needed to do the task and a description of
the sequence of steps used. It might include annotated diagrams.

Discuss all the different combinations that are listed for the bottles, asking why such
a variety is needed. Introduce the idea of a fair test and the need for a control. Explain
that when you want to test what happens in the bottle with yeast, water and sugar
you need something to compare it to, such as a bottle without yeast, a bottle without
water and a bottle without sugar.

Draw students’ attention to the fact that they are using the same-sized bottles and the
same amount of ingredients in each bottle. Discuss why this is important to ensure a
fair test.

Outline your procedure for collecting warm water. For example:

e Each team has a number and they come to the safety zone when you call the
number.

e The Manager of each team comes to a designated waiting area when they are
ready to collect the water.

This procedure will also be used in the next activity using hot water. Ask students to

share why they think it is important to have a process for distributing the warm water.

Form teams and allocate roles. Ask Managers to collect team equipment.

After teams have set up their investigations, set a timer for one hour. When students

have written their predictions in their science journals, discuss and record them in the
class science journal.

After an hour, check the bottles and balloons. Discuss the inflation of the balloon on
bottle 2. Ask students whether they know what has inflated the balloon. Explain that
it is a gas called carbon dioxide and discuss what students might already know about
carbon dioxide, for example, humans breathe out carbon dioxide.

Lesson 2 Yeast feast



Marvellous micro-organisms

@ 9 Ask students to record their observations and discuss their findings. Introduce the third
column of the TWLH chart (‘What we learned’) and ask for student contributions.

Recording observations

10 Update the word wall.
11 Optional: Leave the experiment overnight and record results again in the morning.

Curriculum links

Mathematics
e Measuring solids, liquids and gases, for example, volume and capacity.
e (Conversions.

Indigenous perspectives

¢ PrimaryConnections recommends working with Aboriginal and Torres Strait Islander
community members to access local and relevant cultural perspectives. Protocols for
engaging with Aboriginal and Torres Strait Islander commmunity members are provided
in state and territory education guidelines. Links to these are provided on the
PrimaryConnections website (Www.primaryconnections.org.au).
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What happens when yeast
is mixed with sugar and water?

Name: Date:

Aim

To find out what happens when combinations of yeast, sugar and water are mixed.

Equipment
e role badges for Director, Manager and Speaker e l|abelling pen
e each team member’s science journal e 3 X ' teaspoon rapid rise active dry yeast
e 4 small plastic bottles (350-400 ml), all the e 3 X Yacupsugar
same size e 3 x % cup warm water (37°C)
e 4 palloons e 5 teaspoon measure
e 1 funnel e V4 cup measure
e masking tape e 5 cup measure
Activity steps

1 Make labels for the four bottles, with your team members’ names and the following information:
e Bottle 1: water + yeast
e Bottle 2: water + yeast + sugar
e Bottle 3: water + sugar
e Bottle 4: yeast + sugar

2 Place the funnel in the mouth of each bottle and add the following ingredients:
e Bottle 1: 72 cup warm water + 2 teaspoon active dry yeast
e Bottle 2: 72 cup warm water + V2 teaspoon active dry yeast + V4 cup sugar
e Bottle 3: %2 cup warm water + %2 cup sugar
e Bottle 4: 2 teaspoon active dry yeast + ¥4 cup sugar
3 After you add the warm water, quickly put the opening of the balloon over the mouth of the bottle.

Pull the stem part of the balloon down so that it will not come off easily. If it is loose, stick it down
with a piece of masking tape to make it airtight.

4 Mix the contents of each bottle gently.

5 Observe the bottles carefully. In your science journal, write and draw what you can see. Write a
prediction about what you think will happen to each bottle and balloon over the next hour.

Leave the bottles in a warm place for one hour. After an hour, check the bottles and balloons.
7 Record your observations.
If possible, leave the experiment overnight and record results again in the morning.

Copyright © Australian Academy of Science, 2020. Resource sheet 3




To provide students with hands-on, shared experiences of the yeast micro-organism
and the best temperature for it to be active and make gas.

Students:

discuss conditions that promote yeast activity
read and discuss a procedural text

work in collaborative learning teams to investigate the best temperature to support
yeast activity.

Lesson focus

The Explore phase is designed to provide students with hands-on experiences of the
science phenomenon. Students explore ideas, collect evidence, discuss their observations
and keep records such as science journal entries. The Explore phase ensures all students
have a shared experience that can be discussed and explained in the Explain phase.

Assessment focus

Formative assessment is an ongoing aspect of the Explore phase. It involves monitoring
students’ developing understanding and giving feedback that extends their learning. In this
lesson you will monitor students’ developing understanding of:

e the growth and survival of yeast, and how it is affected by the physical conditions of its
environment. You will also monitor their developing science inquiry skills
(see page xi).
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Key lesson outcomes

Science

Students will be able to:

plan an investigation, with teacher
support, of the effect of temperature on
the activity of yeast

predict, observe, record and interpret the
results of their investigation

follow safety procedures

identify the features that made their
investigation a fair test

describe the effect of temperature on gas
production by yeast.

Literacy

Students will be able to:

follow a procedural text to complete an
investigation

use oral, written and visual language to
record and discuss investigation results

engage in discussion to compare ideas,
and use evidence from an investigation
to explain how temperature affects the
activity of yeast

demonstrate understanding of the effect
of temperature on yeast activity through
science journal entries.

This lesson also provides opportunities to monitor the development of students’ general
capabilities (highlighted through icons, see page xii).

Teacher background information

Yeast is a micro-organism that thrives best at certain temperatures, which is why dough

is put in a warm place to rise. If it were put in a cold place, the yeast would be too cold to
grow properly. Similarly, hot water is never used in bread-making, because it would Kill the
yeast and the bread would not rise. Yeast prefers to live in a comfortably warm environment,
neither too hot nor too cold. The heat from the baking process Kills the yeast, but by then it
has done its job of producing a loaf of bread.

Lesson 3 Putting the heat on yeast



AN

SAFETY

Marvellous micro-organisms

Equipment

FOR THE CLASS

FOR EACH TEAM

e class science journal
e word wall

e TWLH chart

e team roles chart

e team skills chart

e 1 thermometer

e 1 kettle

e 3 x Y tsp measure
e 3 X ¥ cup measure
e 3 X% cup measure
e hot water

* warm water

e 1jug

e 1 timer

e a ‘safety zone’

e 1 enlarged copy of ‘What’s the best
temperature for yeast to be active?’

role wristbands or badges for Director,
Manager and Speaker

each team member’s science journal

1 copy of ‘What'’s the best temperature for

yeast to be active?’ (Resource sheet 4)

3 small plastic bottles (350-400 ml) with
caps, all the same size

3 balloons

2 tsp measure

Y4 cup measure
Y2 cup measure

1 funnel
self-adhesive tape
marking pen

7 g sachet of active dry yeast (V2 tsp per
bottle)

3 X ¥4 cup sugar
% cup hot water (> 50°C)

(Resource sheet 4)

optional: digital camera to record students’
findings

e Y5 cup warm water (37°C)
e 5 cup cold water

Preparation

Prepare an enlarged copy of ‘What's the best temperature for yeast to be active?’
(Resource sheet 4).

Set up a ‘safety zone’ where you can prepare warm and hot (close to boiling) water.
Work out a safety procedure for students to collect warm and hot water (see ideas in
Lesson 2).

Purchase active dry yeast from the supermarket.
Optional: Organise parent helpers or a Teachers’ Aide to help with step 2.

|dentify the nearest source of cold running water so that if hot water is spilled on skin,
the skin can be cooled down immediately. This will limit damage and relieve pain.

Read ‘How to write questions for investigation’ (Appendix 6).

Lesson steps

1

Review Lesson 2. Focus students’ attention on the use of warm water and the fact
that the bottles were put in a warm place.

Ask students to reflect on what they know about yeast and temperature. Record what
they know in the class science journal.
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@ 2 Discuss students’ suggestions for an investigation to determine the temperature that

>
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best promotes yeast activity. Encourage students to think about testing the yeast in
cold, warm and hot water. Discuss how they will make this a fair test (by changing one
variable, measuring another variable and keeping all other variables the same). Record
their ideas in the class science journal.

Read through an enlarged copy of ‘What'’s the best temperature for yeast to be
active?’ (Resource sheet 4) and review the purpose and features of procedural texts.

Focus students’ attention on the safety issues surrounding this activity. Explain the
class safety plan for using hot water. Ask students to clarify the reasons for the
safety measures.

Suggest that one team member holds the bottle of warm water while another puts the
balloon onto the bottle.

Only adults should handle water above 50°C. An adult should add the hot water to
each group’s hot water bottle. Let the bottles cool to below 50°C before allowing
Managers to collect them.

Form teams and allocate roles. Ask Managers to collect team equipment.

Ask teams to follow the procedure outlined in ‘What’s the best temperature for yeast
to be active?’ (Resource sheet 4) up to step 6.

Put the bottles in a warm area, such as near a sunny window or a heater. Set a timer
for one hour.

Discuss students’ initial observations and predictions.

After one hour, check the bottles and balloons and discuss what students can see.
Record their observations in the class science journal. Ask students to refer to their
predictions and to think about what their findings tell them about yeast. Allow time for
students to write and draw their observations in their science journals.

Update the word wall.

Optional: Leave the bottles and balloons overnight. The yeast should remain active
and the balloon on the warm water bottle might inflate further. Depending on the

surrounding temperature, the balloon on the cold water bottle might show signs of
yeast activity.

Curriculum links

: Indigenous perspectives

PrimaryConnections recommends working with Aboriginal and Torres Strait Islander
community members to access local and relevant cultural perspectives. Protocols for
engaging with Aboriginal and Torres Strait Islander community members are provided
in state and territory education guidelines. Links to these are provided on the
PrimaryConnections website (www.primaryconnections.org.au).
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What's the best temperature
for yeast to be active?

Name: Date:

Aim

To find out what temperature yeast needs to be active and produce a gas.

Equipment
e role badges for Director, Manager and Speaker e 1 funnel
e each team member’s science journal e masking tape
e 1 copy of ‘What’s the best temperature for yeast e labelling pen
to be active?’ (Resource sheet 4) e 7 g sachet of active dry yeast (¥ tsp per bottle)
e 3 small plastic bottles with caps, all the same size e 3x Y cup sugar
* 3 balloons e Y cup hot water (> 50C)
* Y2tsp measure e ¥ cup warm water (37°C)
* % cup measure e Y cup cold water

e 5 cup measure

Activity steps
1 Make labels for the three bottles, showing your team members’ names and the following information:
e Bottle 1: Hot water
e Bottle 2: Warm water
e Bottle 3: Cold water
2 Place the funnel in the mouth of each bottle and add the 12 teaspoon yeast and % cup sugar. Mix the
yeast and sugar together.

3 The manager takes bottle 1 to the ‘safety zone’ where your teacher will carefully add Y2 cup hot water
to the bottle. Mix it gently.

4 Put the opening of the balloon over the mouth of the bottle. Pull the stem part of the balloon down so
that it will not come off easily. If it is loose, stick it down with a piece of masking tape to make it airtight.

5 Repeat this process for the warm water and cold water.
Note: Your teacher will add the warm water to bottle 2.

6 Carefully observe each bottle and balloon, and record their current appearance in your science journal.
Write a prediction about what you think will happen to each bottle and balloon over the next hour.

7 Put the bottles in a warm place and leave for one hour. After an hour, come back to your bottles.
Carefully observe each bottle and balloon and record their appearance in your science journal.

9 Discuss your findings with your team. Discuss the question: ‘What’s the best temperature for yeast to
be active and produce a gas?’ and record your ideas in your science journal.

Copyright © Australian Academy of Science, 2020. Resource sheet 4




AT A GLANCE

To provide students with hands-on, shared experiences of the bread-making process.
Students:
e review what they know about yeast

e discuss the role of yeast in the bread-making process
e observe the bread-making process using a bread machine.

Lesson focus

The Explore phase is designed to provide students with hands-on experiences of the
science phenomenon. Students explore ideas, collect evidence, discuss their observations
and keep records such as science journal entries. The Explore phase ensures all students
have a shared experience that can be discussed and explained in the Explain phase.

EXPLORE

Assessment focus

Formative assessment is an ongoing aspect of the Explore phase. It involves monitoring
students’ developing understanding and giving feedback that extends their learning. In this
lesson you will monitor students’ developing understanding of:

e the growth and survival of yeast, and how it is affected by the physical conditions of its
environment. You will also monitor their developing science inquiry skills
(see page xi).

Key lesson outcomes

Science Literacy

Students will be able to: Students will be able to:

e jdentify steps in the bread-making e use oral, written and visual language to
process clarify their understanding of yeast

e suggest ways to investigate the role of e use writing and drawing to clarify their
yeast in bread-making ideas and explanations of the role of

 observe and describe the role of yeast in yeast in the bread-making process.

making bread rise.

This lesson also provides opportunities to monitor the development of students’
general capabilities (highlighted through icons, see page xii).
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Teacher background information

Most leavened bread is made using a process similar to the following. Firstly, the yeast

and water are combined, added to the flour and salt, and mixed together. Enzymes from
the yeast break down the carbohydrates in the flour to form sugars which the yeast uses
as food, producing carbon dioxide. The dough is then kneaded until it reaches the proper
elasticity. The dough is put in a warm place and allowed to double or triple in size. This
process is called the ‘first rise’ or ‘proving’. The dough is then usually punched down to
remove some of the gas and shaped into loaves. It is allowed to rise a second time—this
double rise improves its flavour and texture. The dough is then baked, creating fresh bread.
This whole process takes several hours.

Marvellous micro-organisms

Kneading is very important in bread-making. Flour contains wheat proteins called glutens.
During the kneading process, the glutens in the dough join together to form long, stretchy
cables that give the dough strength and elasticity. This elasticity allows it to catch the
bubbles of carbon dioxide produced by the yeast, causing it to rise. The stretchy glutens
and the bubbles they catch also give the bread a pleasant texture and appearance.

Equipment

FOR THE CLASS

FOR EACH TEAM

class science journal e student science journal
word wall
WLH chart

2 bread-making machines, or 1 machine
used over 2 days

2 packets of bread mix
active dry yeast

warm water

1jug

1 timer

optional: digital camera to record students’
findings

Preparation

Organise identical bread-making machines for the bread-making demonstration.

Purchase bread-making mix.

Read instructions in the bread-making machine manual to check the list of ingredients,

time taken and cycles.

Optional: make bread using an oven (in addition to or instead of using a

bread-making machine).

Optional: invite a bread-maker, for example, an enthusiastic parent or baker to

demonstrate the bread-making process to the class.

Optional: talk to the local bakery and arrange a visit and tour of the bakery for the

students to see the steps involved in bread-making.

Lesson 4 Knead the loaf
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Planning ahead

Read Lesson 6. Mould samples for this lesson need to be grown well in advance.

Lesson steps

@ 1

2

Review what students have already learned about yeast. For example, yeast produces
carbon dioxide gas when mixed with sugar and water, temperature affects the activity
of yeast.

Discuss students’ ideas about the role of yeast in the bread-making process.
Ask students to suggest how they could investigate the role of yeast, for example,
make a loaf of bread using yeast, and one without yeast.

Explain that students are going to observe the process of making bread using a bread
machine. If possible, discuss the instructions for making bread using the instruction
manual. Discuss students’ questions about the bread-making process. You might like
to provide students with prompts, such as:

e What happens in the machine before the baking process begins?
e \Why does it take over three hours for the machine to make a loaf of bread?

e How does the (carbon dioxide) gas that the yeast makes stay trapped in
the bread?

e What might happen when yeast is left out of the bread recipe?

Organise students to observe what is happening in the machines during the
bread-making process and record their observations in their science journals.

Discuss what is happening inside the machine and how this could be done by hand,
for example, mixing the ingredients, kneading, allowing the dough to rise and baking
the bread in the oven.

After the bread is baked allow it to cool and then slice it. Organise students to observe
the slices of bread. Discuss the differences between the loaf made with yeast and the
one made without yeast.

Ask students to write and draw about the differences in the yeast and yeast-free
breads in their science journals. Revisit the questions asked in step 2 and ask
students to consider what they now know about the role of yeast in the
bread-making process.

Update the TWLH chart, and add bread-making vocabulary to the word wall.
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Curriculum links

Studies of Society and Environment

e Students research the history of yeast and bread (www.dakotayeast.com/home.html)
Information and Communication Technology (ICT)

e Bread-making can be considered as a technology process.

Indigenous perspectives
e Make bush damper.

See https://www.abc.net.au/local/photos/2013/07/11/3801235.htm

e See Waterlilies for a description of how waterlily seeds are ground and made into
damper in the traditional way in Kakadu. (Lucas, D. & Campbell, C. (2007). Waterlilies.
Palmerston, NT: Waterlily Publications.)

e PrimaryConnections recommends working with Aboriginal and Torres Strait Islander
community members to access local and relevant cultural perspectives. Protocols for
engaging with Aboriginal and Torres Strait Islander community members are provided
in state and territory education guidelines. Links to these are provided on the
PrimaryConnections website (www.primaryconnections.org.au).

Lesson 4 Knead the loaf
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To support students to represent and explain their understanding of the yeast
micro-organism, and to introduce current scientific views.

Students:

work in teams to create summaries of their yeast investigations
review their flow chart from Lesson 1

work in teams to generate a flow chart that represents their current understanding
of the bread-making process

share their current understanding in teams.

Lesson focus

In the Explain phase students develop a literacy product to represent their developing
understanding. They discuss and identify patterns and relationships within their
observations. Students consider the current views of scientists and deepen their
own understanding.

Assessment focus

@ Formative assessment is an ongoing aspect of the Explain phase. It involves monitoring
students’ developing understanding and giving feedback that extends their learning. In this
lesson you will monitor students’ developing understanding of:

e the growth and survival of yeast, and how it is affected by the physical conditions of its
environment, and how scientific knowledge of micro-organisms affect people’s lives.
You will also monitor their developing science inquiry skills (see page xi).

You are also able to look for evidence of students’ use of appropriate ways to represent
what they know and understand about how living things, for example, yeast, are affected
by the physical conditions of the environment, and give them feedback on how they can
improve their representations.

28 Lesson 5 Food observations



Key lesson outcomes

Science

Students will be able to:

e describe the conditions needed for yeast
to be active

e explain that yeast makes a gas in the
dough, which makes the bread lighter

e use a flow chart to show the steps in the
bread-making process

e consider how their lives would be
different without knowledge of the yeast
micro-organism.

Marvellous micro-organisms

Literacy

Students will be able to:

use oral, written and visual language to
summarise their understanding of yeast

present a brief explanation or summary
to peers

compare explanations and engage in
argument

demonstrate understanding of how

bread is made by revising their flow
charts (from Lesson 1).

This lesson also provides opportunities to monitor the development of students’
general capabilities (highlighted through icons, see page xii).

Equipment
FOR THE CLASS

e class science journal
e word wall

e TWLH chart

e team roles chart

e team skills chart

Lesson steps

FOR EACH TEAM

e role wristbands or badges for Director,
Manager and Speaker

e each team member’s science journal,
including flow chart developed in Lesson 1

e 1 sheet of A3 paper

1 Review the purpose of the yeast investigations with questions, such as:

e What have we been investigating about yeast?

e \What does it mean when we say yeast is a micro-organism?

e s yeast a living thing”? How do you know?

e What conditions does yeast need to be active and make carbon dioxide gas?

How do you know?

e \What conditions cause yeast to be inactive? How do you know?

2 Explain that students will use their investigation findings to summarise what they know
about yeast and its role in the bread-making process. Explain that they will write and
draw a summary based on the answers to questions, such as:

e \What do we know about yeast?

e \What part does yeast play in bread-making?

e \What are the main steps in bread-making?

Lesson 5 Food observations
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3 Discuss the purpose and features of a summary.

Literacy focus

Why do we use a summary?

We use a summary to present the main points of a topic or text.

What does a summary include?

A summary includes a concise description of the main points of a topic or text.

Provide time for students to develop a summary in their science journals. Remind
them to use the word wall and TWLH chart for background information.

When students have completed their written summaries, bring the class together.
Invite students to share their summaries. Encourage other students to agree or
disagree with the contributions.

Ask students to review the flow chart they began in Lesson 1 about how bread is
made. Invite them to use a different-coloured pen to make additions and alterations
to the flow chart based on what they have learned so far in the unit. This will allow
students to demonstrate their new knowledge about yeast and the bread-making
process.

Re-form teams. Ask students to share with their team something new they have
learned and something they found interesting. Ask them to consider how our lives
would be different if we did not know about the yeast micro-organism. Ask students to
record a short reflection in their science journals.

Bring the class together. Complete the TWLH chart. Share reflections about the unit
so far and record in the class science journal.

Curriculum links

Information and Communication Technology (ICT)

Use computer programs to design a flow chart that includes pictures.

: Indigenous perspectives

Contact the local Indigenous Land Council or cultural heritage centre to make contact
with local Indigenous community members to share their knowledge of making damper
and, if possible, make damper with the students using traditional methods.

Use a flow chart to show the steps completed in the damper-making process by
Indigenous people.

PrimaryConnections recommends working with Aboriginal and Torres Strait Islander
community members to access local and relevant cultural perspectives. Protocols for
engaging with Aboriginal and Torres Strait Islander community members are provided
in state and territory education guidelines. Links to these are provided on the
PrimaryConnections website (Www.primaryconnections.org.au).
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To support students to plan and conduct an investigation of the conditions that affect
mould growth on food.

Session 1 A nightmare in my lunch box
Students:

e observe samples of mould

¢ read and discuss an information report about mould.

Session 2 |nvestigating mould
Students:

e work in teams to plan and set up an investigation to determine factors that affect
mould growth on food

e observe and record the results of their investigations.

Lesson focus

In the Elaborate phase students plan and conduct an open investigation to apply and
extend their new conceptual understanding in a new context. It is designed to challenge
and extend students’ science understanding and science inquiry skills.

Assessment focus

Summative assessment of the Science Inquiry Skills is an important focus of the
Elaborate phase (see page V). Rubrics are available on the website to help you
monitor students’ inquiry skills.
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Key lesson outcomes

Science

Students will be able to:

plan an investigation that is a fair test
identify safety procedures

conduct an investigation, make and
record observations

interpret their observations and make a
conclusion that answers their research
question

suggest improvements to their
investigation methods

describe the conditions that encourage
the growth of food mould

reflect on how science informs our
understanding of micro-organisms and
how mould growth on food can be
prevented.

Literacy

Students will be able to:

understand the purpose, structure and
features of an information report

read an information report about mould
and identify the main ideas

engage in discussion to compare ideas
and develop an understanding about
conditions that affect the growth of food
mould

use oral, written and visual language
to design, implement and report on an
investigation about food mould

use investigation results to help develop
an explanation of food mould through
science journal entries.

This lesson also provides opportunities to monitor the development of students’ general
capabilities (highlighted through icons, see page xii).

Teacher background information

ELABORATE

The term ‘mould’ is used to refer to several kinds of fungi that grow on various surfaces.
Moulds reproduce by producing spores. Mould spores are commonly found in the air and
soil, but will grow into mould only when they land somewhere with the right conditions for
growth. Spores are very small and don’t contain a supply of food to help them begin to grow
like seeds do. They use whatever they land on as food.

Moulds grow best away from direct sunlight in moist, cool-to-warm conditions where there
is plenty of plant and animal (organic) matter for them to use as an energy source. A soggy
sandwich left in a lunch box over the summer holidays is a mould’s delight. Moulds love
bathrooms and sweaty old shoes. They will even grow on books and papers that have not
been stored in the right conditions. Direct ultraviolet light (including sunlight) tends to Kill
moulds and they don’t grow well in dry environments, or in very cold or hot conditions.

When mould spores ‘germinate’ they produce long thin strands called ‘hyphae’, which give
moulds their fluffy appearance. Moulds play an important role in the ecosystem, helping
decompose and recycle dead organic materials.
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Session 1 A nightmare in my lunch box

Equipment
FOR THE CLASS FOR EACH TEAM
e class science journal e role wristbands or badges for Director,
e word wall Manager and Speaker
e TWLH chart e each team member’s science journal

e 1 copy of ‘Moulds’ (Resource sheet 5) for

e team roles chart cach student
u

e team skills chart
e 1 highlighter or coloured pen for each

e 1 enlarged copy of ‘Moulds’ (Resource student

sheet 5)

) ) e 1 sample of mouldy bread or fruit in 2 clear,
e optional: overhead projector

sealed plastic bags

e optional: binocular microscope or video e 1 magnifying glass

camera microscope connected to TV or
computer

Preparation

e Prepare an enlarged copy of ‘Moulds’ (Resource sheet 5).

e Prepare samples of mould using bread products, or fruits, such as a lemon or a
strawberry as follows:

— Purchase bread or fruit 7 to 10 days before you begin the lesson. (It might be useful
to use the bread made in the bread-making machine for this, as it should contain
less preservatives than store-bought bread.)

— Cut open the fruit or lay out the slices of bread, and leave in the open air overnight
so that mould spores can land on the bread or fruit.

A Note: Some people are allergic to moulds and therefore careful preparation of the
SAFETY mould sample is required.

— Prepare half a slice of mouldy bread or a piece of fruit for each team by lightly
moistening each piece with water. Seal the bread or fruit inside one plastic bag
leaving some air in the bag.

— Tape the top of the bag with self-adhesive tape.

— Place this bagged bread inside a second plastic bag and seal the bag by taping the
top of the bag. This is referred to as double bagging.

— Store in a warm place. Mould should begin to grow in about four to seven days,
depending on your location and the temperature.

Lesson 6 Mystery moulds 33

ELABORATE



ELABORATE

PrimaryConnections

34

Lesson steps

Tell students that you have found a nightmare in your lunch box. Show them a sealed
bag of mouldy food that has been double bagged and ask them if they know what it is
and how it might have happened. Discuss students’ experiences with mould and ask
them what they know about mould, recording responses in the class science journal.
Explain that mould is a fungus micro-organism and that students will be working in
collaborative learning teams to investigate moulds and that they will be growing mould
on food sealed using the double bag method.

Emphasise that the plastic bags are not to be opened after they have been sealed
because some people are allergic to moulds.

Explain that in the first part of the investigation, students are going to observe mouldy
food and describe what it looks like in their science journals. This includes making a
drawing of the sample. Show students how to draw a labelled diagram. Discuss the
purpose and features of such a diagram.

Literacy focus

Why do we use a labelled diagram?

We use a labelled diagram to show the shape, size and features of an object.

What does a labelled diagram include?

A labelled diagram might include a title, an accurate drawing, a scale to show the
object’s size and labels showing the main features. A line or arrow connects the label
to the feature.

Demonstrate how to use a magnifying glass to look closely at the mouldy food sealed
inside the double bags.

Optional: Moulds look great when viewed under a binocular microscope or video
microscope connected to a TV or a computer.

Form teams and allocate roles. Ask Managers to collect team equipment.

Provide time for students to discuss, observe and record their observations in their
science journals.

When teams have recorded their observations, collect the mould samples and place
them in a large plastic or paper bag ready for disposal.

Bring the teams together and discuss questions, such as:

e \What did the mould look like?

e \What colours did you see in the mould?

Tell students that they are going to read some information about mould. You might like

to explain that the information is in the form of an information report, and discuss the
purpose and features of an information report before reading the text.
Alternatively, you might like to share the text with students and, after reading,

discuss the type of text, its purpose and features. For example, ‘Was it a procedure?
A narrative? How do you know? What were the clues in the text?’.
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Literacy focus

Why do we use an information report?

We use an information report to record factual information about a topic. We can read
an information report to collect information.

What does an information report include?

An information report includes an introduction, a series of paragraphs describing the
topic and a summary paragraph.

9 Provide each student with a copy of ‘Moulds’ (Resource sheet 5) and a highlighter or
coloured pen. Explain that as the class reads the text, they will use their highlighters to
mark any new and unfamiliar or technical terms.

Using the enlarged copy of ‘Moulds’, model how to use a highlighter to mark
unfamiliar and technical vocabulary, for example:

Moulds are a type of fungus. They are micro-organisms and are so small that we can
only see them with the naked eye when they multiply in numbers. There are many
different kinds of mould.

Discuss the highlighted vocabulary and explain the words by referring to students’
earlier work in the unit. Continue reading the text, stopping wherever necessary to
highlight and explain technical vocabulary.

Review the fact that mould is a micro-organism.

10 Optional: Focus on the language in the report by asking students to make a list of all
the highlighted words and place a definition beside them, for example:

Technical term Definition

multiply make more of

Students might like to record a definition from the dictionary and an everyday
explanation for the technical vocabulary.

11 Optional: Focus on the structure of the report by identifying and labelling the content
of the paragraphs, such as ‘opening statement or definition’, ‘appearance’, ‘function’
and ‘reproduction’. Discuss how the opening statement introduces the topic of the
report and how the information is organised into a series of paragraphs.

@ 12 Ask students to discuss mould with their families and find out where they have seen
mould growing.
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Moulds

Name: Date:

Moulds are a type of fungus. They are micro-organisms and are so small
that we can only see them with the naked eye when they multiply in
numbers. There are many different kinds of mould.

Moulds are usually seen growing on the surface of objects. They are often
fluffy or downy in appearance. Moulds can be many colours, including
green, blue, brown, orange and yellow.

Moulds play an important role in the environment. They help to break down
and recycle dead plant and animal material. This is important because
nutrients are returned to the environment for plants and animals to use.
This can be seen at home, for example, mouldy fruit in a fruit basket or a
fluffy substance growing on an open jar of tomato paste or jam.

Moulds spread by forming reproductive spores that are carried in the air.
The air contains mould spores which come from the furry growth visible on
the surface of objects. Spores can stay alive for long periods of time in a
dormant state until the conditions are right, and then they begin to grow.
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Session 2 |nvestigating mould

Equipment

FOR THE CLASS FOR EACH TEAM
e class science journal e role wristbands or badges for Director,
e word wall Manager and Speaker
e TWLH chart e each team member’s science journal
e team roles chart e 1 copy of ‘Mould growth investigation
e team skills chart planner’ (Resource sheet 6) for each student
e 1 plastic spray-gun bottle filled with water * 2slices of bread or fruit
e 1 large plastic or paper bag e 4 clear resealable plastic bags
e boxes or opaque bags * 1 thermometer

e gself-adhesive tape

(]

marking pen

Preparation

N\

SAFETY

Review ‘How to facilitate evidence-based discussions’ (Appendix 5).
Review ‘How to write questions for investigation’ (Appendix 6).

Cut open the fruit or lay out the slices of bread and leave in the open air overnight so
that mould spores can land on the bread or fruit.

Moulds produce tiny spores which are released into the air. Some students are allergic
to these spores. It is important to ensure that moulds are grown in double bags using
the double bag method and that students do not open the bags.

Lesson steps

1

Review the previous session and ask students about their family discussions about
mould. Pose questions, such as:

e In what places have you or your family observed mould growing?
e What things might help mould to grow?
e How could we find out?

Use students’ answers to make a list of things that might affect mould growth, such
as moisture, temperature and amount of light. Introduce the term ‘variables’ as things
that can be changed, measured or kept the same in an investigation. Explain that
when a variable is kept the same it is said to be ‘controlled’.

Explain that the focus of the team investigation is to determine what effect one of
these variables has on mould growth.

Introduce students to the process of writing questions for investigation.

Model the development of a question, for example:

e \What happens to mould growth when we change the amount of moisture?
e What happens to mould growth when we change the temperature?

e What happens to mould growth when we change the amount of light?

Lesson 6 Mystery moulds
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Explain how to use the ‘Mould growth investigation planner’ (Resource sheet 6).

For example, students might choose to investigate: ‘What happens to mould growth
when we change the amount of moisture?’ For this investigation, students determine
what they will:

e Change: the amount of moisture

e Measure/observe: for example, the amount of food area covered by mould
e Keep the same: temperature, the amount of light.

Ask students:

e How could you test whether moisture is needed for mould growth?
(By taking away moisture and comparing mould growth on dry food samples with
mould growth on moist food samples.)

e How could you test whether warmth is needed for mould growth?
(By taking away warmth and comparing mould growth on food samples kept in a
cool place with mould growth on food samples kept in a warm place.)

e How could you test whether light is needed for mould growth?
(By taking away light and comparing mould growth on food samples kept in a dark
place with mould growth on food samples kept in a light place.)

Ask students how they will know if changing a variable, such as temperature, light or
moisture has affected mould growth. Discuss the need to record the observations in

an organised way and ask why this is an important part of the scientific investigation

process. Ask students to suggest the types of things they could measure or observe,
such as the size of moulds or the proportion of food area covered by mould).

Re-form teams and allocate roles. Ask Managers to collect team equipment.

Ask each team to decide which question they are going to investigate. Arrange for
each team member to complete the first page of the ‘Mould growth investigation
planner’ (Resource sheet 6). When all team members have completed the planner, ask
them to begin setting up their team investigation.

Write a checklist on the board with key reminders for the teams, such as:

e |eave some air in the first bag before sealing it. (Ask students why they need to
leave some air in the bag with the food. Refer to ‘Moulds’ (Resource sheet 5),
noting that moulds are living things and need oxygen from air to live and grow.)

e Place the bag inside a second plastic bag and seal the top of this bag with tape.

e Make sure bags are labelled with your names (or team name) and the contents.

e Use a thermometer to check the temperature of the location where your food
samples will be stored.

Ask students to use their science journals to record their observations using words,

measurements and diagrams. Organise daily observation, team discussion and

recording time.

When sufficient mould has grown on the food samples, ask teams to complete their

‘Mould growth investigation planner’ (Resource sheet 6).

Discuss the class findings from the investigation and ask students what this has

shown them about the role of micro-organisms in food decay and ways they can

prevent food decay. Ask students to reflect on why scientists predict and investigate
and gather data about scientific phenomenon such as mould growth.
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13 Ask students to make a claim (in answer to their investigation question) and discuss
their reasoning in their teams.

@ 14 Ask students to reflect on what they have learned about the role of the food mould
(fungus) micro-organism and how to prevent food going mouldy.

Optional: You might like students to add an extra paragraph about conditions for
mould growth to the ‘Moulds’ (Resource sheet 5) information report they read in
Session 1. Discuss how information reports use information based on fact. Explain
that students are able to add an extra paragraph to the report because they have
conducted an investigation and have recorded real results.

15 Update the word wall.

Curriculum links
Health and Physical Education

e Students research food safety and hygiene practices at home, at school (for example,
at the canteen) and in other locations (for example, at the supermarket).

: Indigenous perspectives

e Indigenous people have used fungi for food and medicinal purposes for thousands
of years.

e Create posters on different types of fungi and how they are used by Indigenous people.
e See: www.anbg.gov.au/fungi/aboriginal.html

FUNGI
i e
S

Phellinus sp. Pycnoporus sp.
@

Work sample of a fungi poster

e PrimaryConnections recommends working with Aboriginal and Torres Strait Islander
community members to access local and relevant cultural perspectives. Protocols for
engaging with Aboriginal and Torres Strait Islander community members are provided
in state and territory education guidelines. Links to these are provided on the
PrimaryConnections website (www.primaryconnections.org.au).
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Mould growth investigation

planner
Name: Date:
Team members’ names:
What are you going to investigate? What do you predict will happen? Why?

Give scientific explanations for your prediction

Can you write it as a question?

To make this a fair test what things (variables) are you going to:

Change? Measure? Keep the same?
Change only one thing What would the change affect? Which variables will you control?
Describe how you will set up your investigation? What equipment will you need?

Use drawings if necessary Use dot points

Write and draw your observations in your science journal

Resource sheet 6
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Linking science with literacy

Presenting results

Can you show your results in a graph?

Explaining results

Whenyou changed ..........cooooviiiiiiiiii, what happened to mould growth?

Why did this happen? Was your prediction accurate?

Evaluating the investigation

What problems did you have in doing this How could you improve this investigation
investigation”? (fairness, accuracy)?

Copyright © Australian Academy of Science, 2020. Resource sheet 6
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AT A GLANCE

To support students to read about the role of micro-organisms in the discovery and
development of the antibiotic, penicillin.

Students

* review their food mould investigation

e read a factual recount of the role of Fleming and Florey in the discovery and
development of penicillin.

Lesson focus

In the Elaborate phase students plan and conduct an open investigation to apply and
extend their new conceptual understanding in a new context. It is designed to challenge
students’ Science Understanding and Science Inquiry Skills.

Assessment focus

Summative assessment of the Science Inquiry Skills is an important focus of the
Elaborate phase (see page V). Rubrics are available on the website to help you
monitor students’ inquiry skKills.

Key lesson outcomes

Science Literacy
Students will be able to: Students will be able to:

e explain that penicillin is made by a mould e understand the purpose, structure and
and is used to treat infections features of a factual recount

e describe the role of Fleming and Florey read a factual recount about the history

in the discovery and development of of penicillin and identify the main ideas
penicillin * use oral, written and visual language to
e discuss how sometimes scientific develop understanding and clarify ideas
discoveries happen by chance. and explanations of medical micro-
organisms

e use textual sources to locate information
and compare ideas.

This lesson also provides opportunities to monitor the development of students’
general capabilities (highlighted through icons, see page xii).
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Teacher background information

Micro-organisms are very important in medicine. Many diseases in humans are caused

by micro-organisms (for example, bacteria cause cholera, tetanus, tuberculosis and food
poisoning, while fungi cause ringworm and tinea). However, micro-organisms are also useful
in treating diseases. Penicillin, the first antibiotic, is produced naturally by the Penicillium
mould. Before antibiotics were discovered, people died from bacterial infections of wounds
and from food infections.

In 1928 Biritish researcher Dr Alexander Fleming observed that Penicillium mould
contaminated a bacterial culture he was studying and inhibited the bacterial growth.
Penicillin was developed into a usable drug by Australian Dr Howard Florey and his
co-worker, Dr Ernst Chain, in the 1940s. In 1945 Howard Florey, Alexander Fleming and
Ernst Chain were awarded the Nobel Prize in Medicine in recognition of their discovery.

The Nobel Prize was established by Swedish scientist Alfred Nobel (1833-1896), the inventor
of dynamite. Nobel was shocked to see how his invention was being used for destructive
purposes and wanted the prizes to be awarded to people who served mankind well.

Nobel prizes have been awarded annually since 1901 in the areas of physics, chemistry,
medicine, literature and peace. Prizes are awarded to people and organisations that have
made outstanding contributions. Award winners might have invented a ground-breaking
medical or scientific technique, developed a new piece of equipment or made an outstanding
contribution to society. The actual prize includes a medal, a certificate and a sum of money.

Equipment
FOR THE CLASS FOR EACH TEAM
e class science journal e role wristbands or badges for Director,
e word wall Manager and Speaker
e TWLH chart e each team member’s science journal,

including ‘Mould growth investigation
planner’ (Resource sheet 6) from Lesson 6

e 1 copy of ‘Penicilin—the miracle mould’
e optional: access to the internet to research (Resource sheet 7) for each student
Howard Florey and penicillin:
www.tallpoppies.net.au/florey/index.html
www.abc.net.au/science/slab/florey/story.
htm

e team roles chart
e team skills chart

Preparation

e Decide how students will use ‘Penicillin—the miracle mould’ (Resource sheet 7).
For example, read as a whole class in collaborative learning teams or with guided
reading groups.

e Select one or more of the options below to use ‘Penicillin—the miracle mould’
(Resource sheet 7) with your class, for example:

— Students draw up a table in their science journals and transform the text into a table:

Lesson 7 Medical micro-organisms
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The penicillin story

Who are
the main What did they Where did it When did it Why was it
characters? do? happen? happen? important?

— Students present an oral account from the perspective of one of the major
characters: Who am 1?7 What did | do? How did that make me feel, and why?

— Students work with a partner or in a team to role-play an interview with one of the
main characters, with student(s) in character and the other asking questions.

Optional: arrange for a guest speaker to visit to talk about antibiotics, such as a
scientist, a doctor, a nurse, a health worker or a pharmacist.

Lesson steps

1

Review students’ investigation from the previous lesson. Ask them to recall the
technical terms for the fluffy substance they have observed growing on food, and elicit
the terms ‘mould’ and ‘micro-organism’.

Explain that in this lesson students will be reading about an important discovery
involving a mould micro-organism.

Ask students if they have ever had to take antibiotics when they have been ill. Invite
a few students to share information and draw a link between the infection and the
antibiotics.

Explain that the text they will be reading is a factual recount that shows how an
investigation of a mould led to the development of today’s antibiotics. Review the
purpose and features of factual recounts.

Optional: To support students to read the text, you might like them to complete these
before and after reading activities:

e Before reading, identify the key vocabulary in the text, such as ‘bacteria’, ‘mould’,
‘antibiotics’, ‘contaminated’, ‘micro-organism’, and provide students (or groups of
students) with one of the words. Ask them to use this word to create a sentence
that they might find in a text about ‘Penicillin—the miracle mould’.

e After reading the text, ask students to locate their word in the text and discuss
how it compares with their original sentence.

Organise students to read ‘Penicillin—the miracle mould’ (Resource sheet 7)

(see suggestions under ‘Preparation’).

Organise students to complete one or more of the suggestions for using
‘Penicillin— the miracle mould’ (Resource sheet 7) factual recount (see suggestions
under ‘Preparation’).
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@ 8 Ask students to reflect in their science journals on the information contained in

‘Penicillin—the miracle mould’ (Resource sheet 7) and the role of micro-organisms.
Ask them to consider how different the world would be without the discovery of
penicillin and antibiotics.

Optional: Study biographies of scientists who have made a contribution to health,
especially viral and bacterial infections.

Curriculum links

Studies of Society and Environment

Students research the Nobel Prize (www.nobelprize.org), for example, the history
of the award and the medals, or research other Nobel Prize winners like Australia’s
Professor Barry Marshall and Dr Robin Warren (https://www.science.org.au/
learning/general-audience/history/nobel-australians/2005-nobel-prize-
physiology-or-medicine).

Students draw a timeline of the development of penicillin.

Health and Physical Education

Students investigate vaccines and research the benefits or otherwise of bacteria.

',':. Indigenous perspectives

PrimaryConnections recommends working with Aboriginal and Torres Strait Islander
community members to access local and relevant cultural perspectives. Protocols for
engaging with Aboriginal and Torres Strait Islander community members are provided
in state and territory education guidelines. Links to these are provided on the
PrimaryConnections website (www.primaryconnections.org.au).
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Linking science with literacy

Penicillin—the miracle mould

Name: Date:

Substances that prevent the growth of germs (bacteria) are called antibiotics. Today, many antibiotics
from different micro-organisms are used to treat a variety of infections. The first antibiotic used for medical
purposes was penicillin, which is made from a fluffy, blue-green coloured mould called ‘Penicillium’.

In 1928 Biritish scientist Dr Alexander Fleming was working at St Mary’s Hospital Medical School in London,
England. He noticed that a mould had contaminated a dish containing a sample of bacteria he was studying.
Dr Fleming observed that the bacteria could not grow in the area around the mould, and published a journal
article on his observations in 1929. However, he was unable to isolate the substance that prevented bacteria
from growing, and he moved on to other research.

Ten years later, Australian researcher Dr Howard Florey, biochemist Dr Ernst Chain and their team began to
look for the substance that Dr Fleming had observed. In 1940 Dr Florey and his team at Oxford University
in England infected eight mice with Streptococcus bacteria. Four of the mice were treated with injections
of penicillin, while the other four were untreated. The next day, the treated mice had recovered while the
untreated mice were dead. This experiment demonstrated the potential of penicillin as a treatment for
bacterial illnesses.
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The results were so exciting that Dr Florey knew it was time to test penicillin on humans. In 1941 Florey’s
team gave penicillin to a policeman, Reserve Constable Albert Alexander, who was dying from an infection
caused by a scratch. He began to recover after being given penicillin, but there was not enough penicillin to
see him through to recovery. Unfortunately, the policeman died. Because of this experience, Florey’s team
worked with sick children who did not need such large amounts of penicillin.

Florey’s team became determined to find a way to mass produce the penicillin. Due to World War I,
companies in Britain were unable to help with the project, so Florey took his discovery to the United States
to develop it. By late 1943 Florey and his team had discovered better methods of producing penicillin

and mass production of the drug had begun. The availability of penicillin saved the lives of many Allied
servicemen who might otherwise have died of infections from wounds and surgery. However, penicillin does
not work against all types of bacteria. After World War Il, penicillin became available for civilians (non-service
people).

In 1945 Howard Florey, Alexander Fleming and Ernst Chain were awarded the Nobel Prize in Medicine in
recognition of their discovery.

Dr Howard Florey
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To provide opportunities for students to represent what they know about
micro-organisms, and to reflect on their learning during the unit.

Students

e work in collaborative teams to prepare a presentation on the role of micro-organisms
in their lives

e make presentations to an audience.

Lesson focus

In the Evaluate phase students reflect on their learning journey and create a literacy
product to re-represent their conceptual understanding.

Assessment focus

@ Summative assessment of the Science Understanding descriptions is an important
aspect of the Evaluate phase. In this lesson you will be looking for evidence of the extent
to which students understand:

e that the growth and survival of micro-organisms, such as yeast and mould, is affected
by the physical conditions of its environment.

Literacy products in this lesson provide useful work samples for assessment using the
rubrics provided on the PrimaryConnections website.
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Key lesson outcomes

Science Literacy

Students will be able to: Students will be able to:

e explain that yeast obtains energy when e engage in discussion to compare ideas
it breaks down sugars, a process that and generate explanations
releases a gas (carbon dioxide) e demonstrate understanding of

e explain that yeast grows faster at warm micro-organisms by representing
temperatures than when it is cold or hot ideas in a presentation

e explain that the gas produced by yeast e make a presentation to an audience
forms pockets of gas in the dough and about their understanding of
this makes bread rise micro-organisms.

e describe the conditions that affect the
growth of mould on food.

This lesson also provides opportunities to monitor the development of students’
general capabilities (highlighted through icons, see page xii).

Equipment

FOR THE CLASS FOR EACH TEAM

e role wristbands or badges for Director,
Manager and Speaker

e class science journal

e word wall

e TWLH chart ® each team member’s science journal,
including flow charts developed in Lesson 1

* team roles chart and the ‘Mould growth investigation planner’

e team skills chart (Resource sheet 6) from Lesson 6

e other resources identified by the team (eg,
information communication technology
equipment, paper or cardboard, costumes)

Lesson steps

@ 1 Explain that students will be working in collaborative learning teams to develop a
presentation about the role of micro-organisms in their lives. Review the micro-
organisms that students have learned about in the unit: yeast and moulds. Discuss
what type of information students could include in their presentations, for example:

e \What are micro-organisms?

e \What conditions do micro-organisms like yeast and mould need to grow?
e \What role does yeast play in bread-making?

e How do micro-organisms affect our lives?

2 Remind students to use the word wall, the TWLH chart and their science journals
for background information. They might also like to do further research on micro-
organisms to develop their presentations.

Lesson 8 Micro-organisms experts
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3

4

Brainstorm presentation ideas, such as a speech, a multimedia presentation, a poster,
a poem, a play or an interview and record ideas in the class science journal.

Explain the information that you will be looking for to assess students’ presentations:
e well-organised information

e evidence of research into the topic (optional, see step 2)

e evidence of knowledge of the topic

e clear oral communication

e evidence of collaborative team work

e creative presentation.

Form teams and allocate roles. Ask Managers to collect whatever team equipment
they need.

Provide teams with time to plan, prepare and practise their presentations.

Invite an audience, such as another class, parents or a baker to view presentations.
Optional: Students use their understanding and experience of micro-organisms to
participate in whole-class, small group or individual construction of a narrative text
about micro-organisms, for example, ‘The mystery of the multiplying mould’.
Optional: Students write questions and answers from their information reports for a

game show. Collate the questions and play a quiz game, for example, a quiz called
‘The micro-organism factor’.

Curriculum links

: Indigenous perspectives

Prepare an oral presentation to an audience on the beliefs about and uses of fungi by
Indigenous people.

PrimaryConnections recommends working with Aboriginal and Torres Strait Islander
community members to access local and relevant cultural perspectives. Protocols for
engaging with Aboriginal and Torres Strait Islander community members are provided
in state and territory education guidelines. Links to these are provided on the
PrimaryConnections website (Www.primaryconnections.org.au).
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Appendix 1
How to organise collaborative learning teams (Year 3-Year 6)

Introduction

Students working in collaborative teams is a key feature of the PrimaryConnections
inquiry-based program. By working in collaborative teams students are able to:

e communicate and compare their ideas with one another

e puild on one another’s ideas

e discuss and debate these ideas

e revise and rethink their reasoning

e present their final team understanding through multi-modal representations.

Opportunities for working in collaborative learning teams are highlighted throughout the unit.

Students need to be taught how to work collaboratively. They need to work together
regularly to develop effective group learning skills.

The development of these team skills aligns to descriptions in the Australian Curriculum:
English. See page xiii.

Team structure

The first step towards teaching students to work collaboratively is to organise the team
composition, roles and skills. Use the following ideas when planning collaborative learning
with your class:

e Assign students to teams rather than allowing them to choose partners.

e Vary the composition of each team. Give students opportunities to work with others
who might be of a different ability level, gender or cultural background.

e Keep teams together for two or more lessons so that students have enough time to
learn to work together successfully.

e |f you cannot divide the students in your class into teams of three, form two teams of
two students rather than one team of four. It is difficult for students to work together
effectively in larger groups.

e Keep arecord of the students who have worked together as a team so that by the end
of the year each student has worked with as many others as possible.

Team roles

Students are assigned roles within their team (see below). Each team member has

a specific role but all members share leadership responsibilities. Each member is
accountable for the performance of the team and should be able to explain how the team
obtained its results. Students must therefore be concerned with the performance of all
team members. It is important to rotate team jobs each time a team works together so
that all students have an opportunity to perform different roles.

For Year 3-Year 6, the teams consist of three students: Director, Manager and Speaker.
(For Foundation—Year 2, teams consist of two students: Manager and Speaker.) Each
member of the team should wear something that identifies them as belonging to that role,
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such as a wristband, badge, or colour-coded peg. This makes it easier for you to identify
which role each student is doing and it is easier for the students to remember what they
and their team mates should be doing.

Manager

The Manager is responsible for collecting and returning the team'’s equipment. The
Manager also tells the teacher if any equipment is damaged or broken. All team
members are responsible for clearing up after an activity and getting the equipment
ready to return to the equipment table.

Speaker

The Speaker is responsible for asking the teacher or another team’s Speaker for help. If
the team cannot resolve a question or decide how to follow a procedure, the Speaker
is the only person who may leave the team and seek help. The Speaker shares any
information they obtain with team members. The teacher may speak to all team
members, not just to the Speaker. The Speaker is not the only person who reports to
the class; each team member should be able to report on the team’s results.

Director (Year 3-Year 6)

The Director is responsible for making sure that the team understands the team investigation
and helps team members focus on each step. The Director is also responsible for
offering encouragement and support. When the team has finished, the Director helps
team members check that they have accomplished the investigation successfully.

The Director provides guidance but is not the team leader.

Team skills

PrimaryConnections focuses on social skills that will help students work in collaborative
teams and communicate more effectively.

Students will practise the following team skills throughout the year:
e Move into your teams quickly and quietly.

e Speak softly.

e Stay with your team.

e Take turns.

e Perform your role.

To help reinforce these skills, display enlarged copies of the team skills chart (see the end
of this Appendix) in a prominent place in the classroom.

Supporting equity

In science lessons, there can be a tendency for boys to manipulate materials and girls

to record results. PrimaryConnections tries to avoid traditional social stereotyping by
encouraging all students, irrespective of their gender, to maximise their learning potential.
Collaborative learning encourages each student to participate in all aspects of team
activities, including handling the equipment and taking intellectual risks.

Observe students when they are working in their collaborative teams and ensure that both
girls and boys are participating in the hands-on activities.
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Manager
Collects and returns all
materials the team needs

Speaker

Asks the teacher and other
team speakers for help

Director
Makes sure that the team

understands the team
Investigation and
completes each step




TEAM SKILLS

1 Move into your teams
quickly and quietly

2 Speak softly
3 Stay with your team
4 Take turns

9 Perform your role
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Appendix 2
How to use a science journal

Introduction

A science journal is a record of observations, experiences and reflections. It contains
a series of dated, chronological entries. It can include written text, drawings, labelled
diagrams, photographs, tables and graphs.

Using a science journal provides an opportunity for students to be engaged in a real
science situation as they keep a record of their observations, ideas and thoughts about
science activities. Students can use their science journals as a useful self-assessment
tool as they reflect on their learning and how their ideas have changed and developed
during a unit.

Monitoring students’ journals allows you to identify students’ alternative conceptions, find
evidence of students’ learning and plan future learning activities in science and literacy.

Keeping a science journal aligns to descriptions in the Australian Curriculum: Science and
English. See pages xi and xii.

Using a science journal

1 At the start of the year, or before starting a science unit, provide each student with a
notebook or exercise book for their science journal or use an electronic format. Tailor
the type of journal to fit the needs of your classroom. Explain to students that they will
use their journals to keep a record of their observations, ideas and thoughts about
science activities. Emphasise the importance of including pictorial representations as
well as written entries.

2 Use alarge project book or A3 paper to make a class science journal. This can be
used at all year levels to model journal entries. With younger students, the class
science journal can be used more frequently than individual journals and can take the
place of individual journals.

3 Make time to use the science journal. Provide opportunities for students to plan
procedures and record predictions, and their reasons for predictions, before
an activity. Use the journal to record observations during an activity and reflect
afterwards, including comparing ideas and findings with initial predictions and reasons.
It is important to encourage students to provide evidence that supports their ideas,
reasons and reflections.

4 Provide guidelines in the form of questions and headings and facilitate discussion
about recording strategies, such as note-making, lists, tables and concept maps. Use
the class science journal to show students how they can modify and improve their
recording strategies.

5 Science journal entries can include narrative, poetry and prose as students represent
their ideas in a range of styles and forms.
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Appendix 2

In science journal work, you can refer students to display charts, pictures, diagrams,
word walls and phrases about the topic displayed around the classroom. Revisit and
revise this material during the unit. Explore the vocabulary, visual texts and ideas that
have developed from the science unit, and encourage students to use them in their
science journals.

Combine the use of resource sheets with journal entries. After students have pasted
their completed resource sheets in their journal, they might like to add their own
drawings and reflections.

Use the science journal to assess student learning in both science and literacy.
For example, during the Engage phase, use journal entries for diagnostic assessment
as you determine students’ prior knowledge.

Discuss the importance of entries in the science journal during the Explain and
Evaluate phases. Demonstrate how the information in the journal will help students
develop literacy products, such as posters, brochures, letters and oral or written
presentations.
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Appendix 3
How to use a word wall

Introduction

A word wall is an organised collection of words and images displayed in the classroom.
It supports the development of vocabulary related to a particular topic and provides a
reference for students. The content of the word wall can be words that students see,
hear and use in their reading, writing, speaking, listening and viewing.

Goals in using a word wall
A word wall can be used to:

e support science and literacy experiences of reading, viewing, writing and speaking

e provide support for students during literacy activities across all key learning areas

e promote independence in students as they develop their literacy skills

e provide a visual representation to help students see patterns in words and decode them

e develop a growing bank of words that students can spell, read and/or use in
writing tasks

e provide ongoing support for the various levels of academic ability in the class
® teach the strategy of using word sources as a real-life strategy.

Organisation

Position the word wall so that students have easy access to the words. They need to
be able to see, remove and return word cards to the wall. A classroom could have one
main word wall and two or three smaller ones, each with a different focus, for example,
high-frequency words.

Choose robust material for the word cards. Write or type words on cardboard and
perhaps laminate them. Consider covering the wall with felt-type material and backing
each word card with a self-adhesive dot to make it easy for students to remove and
replace word cards.

Word wallls do not need to be confined to a wall. Use a portable wall, display screen,
shower curtain or window curtain. Consider a cardboard shape that fits with the unit, for
example, a magnifying glass for a micro-organism unit.

The purpose is for students to be exposed to a print-rich environment that supports their
science and literacy experiences.

Organise the words on the wall in a variety of ways. Place them alphabetically, or put them
in word groups or groups suggested by the unit topic, for example, words for a Marvellous
micro-organisms unit might be organised using headings, such as “Types of bread’,
‘Bread words’ and ‘Mould words’.

Invite students to contribute words from different languages to the word wall. Group words
about the same thing, for example, different names of the same type of bread, on the word
wall so that students can make the connections. Identify the different languages used, for
example, by using different-coloured cards or pens to record the words.
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Plants in action word wall Spinning in space word wall

ng a word wall

Limit the number of words to those needed to support the science and literacy
experiences in the classroom.

Add words gradually, and include images where possible, such as drawings,
diagrams or photographs. Build up the number of words on the word wall as students
are introduced to the scientific vocabulary of the unit.

Encourage students to interact with the word wall. Practise using the words with
students by reading them and playing word games. Refer to the words during science
and literacy experiences and direct students to the wall when they need a word for
writing. Encourage students to use the word wall to spell words correctly.

Use the word wall with the whole class, small groups and individual students during
literacy experiences. Organise multi-level activities to cater for the individual needs
of students.

C00
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How to use a TWLH chart

Introduction

Marvellous micro-organisms

A learning tool commonly used in classrooms is the KWL chart. It is used to elicit students’
prior Knowledge, determine questions students Want to know answers to, and document
what has been Learned.

PrimaryConnections has developed an adaptation called the TWLH chart.

T - ‘What we think we know’ is used to elicit students’ background knowledge and
document existing understanding and beliefs. It acknowledges that what we ‘know’
might not be the currently accepted scientific understanding.

W - ‘What we want to learn’ encourages students to list questions for investigation.
Further questions can be added as students develop their understanding.

L - ‘What we learned’ is introduced as students develop explanations for their
observations. These become documented as ‘claims’.

H - ‘How we know’ or ‘How we came to our conclusion’ is used in conjunction with the
third column and encourages students to record the evidence and reasoning that lead
to their new claim, which is a key characteristic of science. This last question requires
students to reflect on their investigations and learning, and to justify their claims.

As students reflect on their observations and understandings to complete the third and
fourth columns, ideas recorded in the first column should be reconsidered and possibly
confirmed, amended or discarded, depending on the investigation findings.

Marvellous micro-organisms TWLH chart

What we think
we know

What we want
to learn

What we learned
(What are our claims?)

How we know
(What is our evidence?)

We think that mould
grows in places that
are damp and warm
like the bathroom.

What conditions does
mould need to grow?

Mould needs:

e moisture
e some light
e warmth

e things like books,
food, and paper to

grow on.
9

In our investigation we
grew mould on moist
bread, in a warm area,
with some light.

In our investigation
mould did not grow on
dry bread, in really cold
or hot places or where
there was direct sunlight.
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Appendix 5
How to facilitate evidence-based discussions

Introduction
Argumentation is at the heart of what scientists do; they pose questions, make claims,
collect evidence, debate with other scientists and compare their ideas with others in the field.

In the primary science classroom, argumentation is about students:

e articulating and communicating their thinking and understanding to others
e sharing information and insights

e presenting their ideas and evidence

e receiving feedback (and giving feedback to others)

¢ finding flaws in their own and others’ reasoning

e reflecting on how their ideas have changed.

It is through articulating, communicating and debating their ideas and arguments that
students are able to develop a deep understanding of science content.

Establish norms
Introduce norms before starting a science discussion activity. For example,

e Listen when others speak.

e Ask questions of each other.

e Criticise ideas not people.

e Listen to and discuss all ideas before selecting one.

Claim, Evidence and Reasoning

In science, arguments that make claims are supported by evidence. Sophisticated
arguments follow the QCER process:

Q What question are you trying to answer? For example, ‘What happens to mould
growth when we change the amount of moisture?’

C The claim, for example, ‘Mould growth increases in moist conditions.’

E The evidence, for example, ‘We tested two samples of food. One was moist and one
was dry. The moist food sample grew more mould.’

R The reasoning: saying how the evidence supports the claim, for example, ‘Since the
only thing that changed in the test was the amount of moisture, the increase in mould
growth is due to the food sample being moist. This evidence is also consistent with
other scientific evidence and claims, for example, the claim that mould spores are
commonly found in the air but will only grow in the right conditions.’

Students need to be encouraged to move from making claims only, to citing evidence to
support their claims. Older students develop full conclusions that include a claim, evidence
and reasoning. This is an important characteristic of the nature of science and an aspect
of scientific literacy. Using science question starters (see next section) helps to promote
evidence-based discussion in the classroom.
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Science question starters

Science question starters can be used to model the way to discuss a claim and evidence
for students. Teachers encourage team members to ask these questions of each other
when preparing their claim and evidence. They might also be used by audience
members when a team is presenting its results. (See PrimaryConnections 5Es video,
Elaborate).

Science question starters

Question type Question starter

Asking for | have a question about
evidence

How does your evidence support your claim ?

What other evidence do you have to support your claim

?
Agreeing | agree with because
Disagreeing | disagree with because
One difference between my idea and yours is
Questioning | wonder what would happen if ?
further | have a question about
| wonder why ?
What caused ?
How would it be different if ?
What do you think will happen if ?
Clarifying I’m not sure what you meant there.

Could you explain your thinking to me again?
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Appendix 6
How to write questions for investigation

Introduction

Scientific inquiry and investigation are focused on and driven by questions. Some
questions are open to scientific investigation, while others are not. Students often
experience difficulty in developing their own questions for investigation.

This appendix explains the structure of questions and how they are related to variables
in a scientific investigation. It describes an approach to developing questions for
investigation and provides a guide for constructing investigable questions with your
students. Developing their own questions for investigation helps students to have
ownership of their investigation and is an important component of scientific literacy.

The structure of questions for investigation

The way that a question is posed in a scientific investigation affects the type of
investigation that is carried out and the way information is collected. Examples of
different types of questions for investigation include:

e How does/do...?

e \What effect does...?

e Which type of...?

e What happens to...?

All science investigations involve variables. Variables are things that can be changed,
measured or kept the same (controlled) in an investigation.

e The independent variable is the thing that is changed during the investigation.

* The dependent variable is the thing that is affected by the independent variable, and
is measured or observed.

e Controlled variables are all the other things in an investigation that could change but
are kept the same to make it a fair test.

An example of the way students can structure questions for investigation is:

What happens to when we change ?

dependent variable independent variable

The type of question for investigation in Marvellous micro-organisms refers to two variables
and the relationship between them, for example, an investigation of the variables that
affect mould growth might consider the effect of moisture or temperature. The question for
investigation might be:

Q1: What happens to mould growth when we change the amount of moisture?

In this question, mould growth depends on moisture. The amount of moisture is the thing
that is changed (independent variable) and mould growth is the thing that is measured
or observed (dependent variable).
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Q2: What happens to mould growth when we change the temperature?

In this question, mould growth depends on temperature. Temperature is the thing that
is changed (independent variable) and mould growth is the thing that is measured or
observed (dependent variable).

Developing questions for investigation
The process of developing questions for investigation in Marvellous micro-organisms is to:

e Provide a context and reason for investigating.

e Pose a general focus question in the form of: ‘What things might affect
(dependent variable)?’.
For example, ‘What things might affect mould growth?’

e Use questioning to elicit the things (independent variables) students think could
affect the dependent variable variable (for example, the amount of moisture,
the temperature, the amount of light).
By using questions, elicit the things that students can investigate, such as the
amount of moisture. These are the things that could be changed (independent
variables), which students predict will affect the thing that is observed or
measured (dependent variable).

Each of the independent variables can be developed into a question for investigation.
e Use the scaffold ‘What happens to when we change the ?
to help students develop specific questions for their investigation.
For example, ‘What happens to the mould growth when we change the amount
of moisture?’
e Ask students to review their question for investigation after they have conducted their
investigation and collected and analysed their information.

e Encouraging students to review their question will help them to understand the
relationship between what was changed and what was measured in their investigation.
It also helps students to see how the information they collected relates to their prediction.
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Appendix 7
How to conduct a fair test

Introduction

Scientific investigations involve posing questions, testing predictions, planning and
conducting tests, interpreting and representing evidence, drawing conclusions and
communicating findings.

Planning a fair test
In Marvellous micro-organisms, students investigate things that affect the growth of mould.

~
What happens to mould

growth when we change
the temperature?

What happens to mould
growth when we change
the amount of moisture?

~
What happens to mould
growth when we change
the amount of light?

All scientific investigations involve variables. Variables are things that can be changed
(independent), measured/observed (dependent) or kept the same (controlled) in an
investigation. When planning an investigation, to make it a fair test, we need to identify
the variables.

It is only by conducting a fair test that students can be sure that what they have changed
in their investigation has affected what is being measured/observed.

‘Cows Moo Softly’ is a useful scaffold to remind students how to plan a fair test:
Cows: Change one thing (independent variable)
Moo: Measure/Observe another thing (dependent variable)

Softly:  keep the other things (controlled variables) the Same.

To investigate whether moisture has an effect on mould growth, students could:

CHANGE the amount of moisture Independent variable

MEASURE/ the amount of food area covered Dependent variable

OBSERVE by the mould

KEEP THE SAME | temperature Controlled variables
amount of light
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Marvellous micro-organisms
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PrimaryConnections Units

Biological Chemical Earth and Physical
Year sciences sciences space sciences sciences

Staying alive

Growing well

Schoolyard safari

Dinosaurs and more

Watch it grow!

Feathers, fur
or leaves?

Plants in action
Friends or foes?

Among the gum trees

Desert survivors

Marvellous
micro-organisms

Rising salt

That’s my hat!

What’s it made of?

Spot the difference

Bend it! Stretch it!

All mixed up

Melting moments

Material world

Package it better

What’s the matter?

Change detectives

PrimaryConnections’

Weather in my world

Changes all around

Up, down and
all around

Water works

Night and day

Beneath our feet

Earth’s place
in space

Creators and
destroyers

Earthquake explorers

www.primaryconnections.org.au

Linking science with literacy

On the move

Look! Listen!

Machine makers

Push-pull

Heating up

Magnetic moves

Smooth moves

Light shows

Circuits and switches

Essential energy
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