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Genetics curriculum materials
for the 21st centfury

By Vaille Dawson, Katherine Carson and Grady Venville

The purpose of this project was fo provide innovative and cutting edge genetics materials

for 14-17 year olds (Year 10-12) in Ausiralian schools, which aimed to engage students and
encourage evidence based decision-making. In 2008, an Australian School Innovation in
science, Technology and Mathematics (ASISTM) project called Genetics Education in the 21st
Century brought together seven biology teachers from secondary schools in Western Australia,
together with genetic researchers and science educators from Western Australian universities
and genetic researchers from industry, for a series of three days of Professional Development
(PD) workshops. These workshops focussed on three genetic conditions which have an
increasing prevalence in the Australian population, affect school aged children and have both
genetic and environmental factors affecting their development. These conditions were asthma,
coeliac disease and diabetes. Accurate, up-to-date and relevant curriculum materials based
on each condition were developed, presented to teachers, trialled in classrooms and adjusted
according fo feedback. The materials were then published as a workbook, together with case
studies designed to encourage students to use their understanding of genetics to make and

support their decisions. This book was titled Gene

guide for Australian high school teachers.

BACKGROUND

in a national sfudy on science teaching in Australia,
Rennie, Goodrum and Hackling (2001) stated that,

Scientific literacy is a high priority for all citizens,
helping them to be interested in, and understand the
world around them, to be scepfical and questioning
of claims made by others abouf scientific matfers, fo
be able to identify questions, investigate and draw
evidence-based conclusions, and fo make informed
decisions about the environment and their own
health and well-being (p. 455).

It is essential that school science provides young
people with the understanding and skills to become
scientifically literate citizens in society. In order to
achieve this, science teachers need fo engage
students with relevant and accurate information and
activities, as well as develop their skills in critical fhinking
and evidence based decision-making.

in 2008, the federally funded Australian School
Innovation in Science, Technology and Mathematics
Project [ASISTM), supported projects which aimed

to bring about real and lasting improvements to the
ways in which Science, Technology and Mathematics
were taught in schools. Genetics Education in the

215t Century was an 18 month project focused on
genetics education in Western Australian secondary
schools. The aim of this project was fo develop arange
of innovative and current curriculum materials for

use by secondary school teachers, which engaged
students in their study of genetics using relevant genefic
conditions, as well as encouraging evidence based
decisicn-making.

In Australian secondary schools, general science is
taught as a compuisory subject in Years 8 to 10. In Years
11 and 12, students are able to choose their subjects

tics education in the twenty-first century: a

and Science is divided into specific fields of study.
Genetics is usually taught in Year 10 Science and also
as part of Biology, and Human Biology in Years 11 and
12. Usudlly science teachers are required fo have a
tertiary degree in Science, however in remote schools

it is not uncommon for teachers to be teaching outside
of their field of speciatty. Thus, teachers need to be
provided with sufficient support and information, so that
they feel confident teaching topics, in which they may
not be knowledgeable.

The field of genetics is rapidly developing, making it
difficult for the curriculum resources used by teachers
(e.g.. textbooks) to be kept up to date. Most genetics
teaching is based on simple Mendelian laws of
inheritance and does not consider conditions with
multiple loci such as asthma, where no one allele
accounts for more than 10% of an individual's overall
susceptibility to asthma. These laws also do notf
consider the influence of environmental factors on the
expression of cerfain genes. For example, in identical
twins (where both individuals have the same genome),
if one twin has type 1 diabetes the other twin develops
diabetes only half the time, Environmental factors must
play a part. Concepts such as these can be difficult to
understand, so curriculum materials must be easy to
understand and engaging.

As the field of genomics progresses, the interaction
between the environment and cerfain genes are
becoming more apparent, yet the teaching of
genetics continues to focus on single gene disorders
such as sickle cell anaemia and cystic fibrosis. The
worldwide increase in conditions such as asthma and
diabetes are almost certainly caused by an increase in
environmental influences. The following three conditions
were specifically chosen for our curriculum materials as



common examples of multifacterial human
conditions. An individual needs to first inherit the
genetic predisposition for the condition and then be
exposed to an environmental trigger, before they
display symptoms of the condition.

Asthma

Asthma is a significant health problem in Ausiralia,

with prevalence rates that are high by infernational
standards. It affects over two million Australians: one

in seven primary school-aged children, one in eight
teenagers and one in nine adults (Health insite, 2009).
Asthma appears to result from genetically susceptible
individuals being exposed to particular environmental
stimuli, There have been a number of genes discovered
that are associated with asthma, with no single allele
accounting for more than 10% of an individual's
suscepfibility to asthma (Le Souef, 2002). The genetically
susceptible individual must then be exposed to an
environmental factor to develop asthma. There have
been many factors identified as possible triggers for
asthma, including excessive cleanliness and early
exposure fo respiratory viruses.

Coeliac Disease

Coeliac disease is an autoimmune disorder, where

the ingestion of gluten causes an aonormal immune
response to occur in the intestinal wall. Gluten is a
protein found in wheat, oats, barley and rye. The
incidence of coeliac disease has doubled in the past
fifty years so that cumrently in Australia, approximately
1in 100 people have the condition (Green, 2009).
Individuals are born with a genetic susceptibility to
the condition, with two genes strongly associated with
coeliac disease having been identified. Environmental
factors also play a significant role in the development
of the condition. Some factors which may be significant
include the protective effect of breast feeding,
certain gastrointestinal viruses and the age of dietary
introduction of gluten.

Diabetes

The World Health Organisation (2009) recognises

that diabetes is currently the fastest growing chronic
condition in the world. In Australia, about 3.2 million
people are affected with diabetes or pre-diabetes
(Australian Institute of Health and Welfare, 2008).

The prevalence is increasing so dramatically that it is
predicted to double by 2050. it is well accepted that
there is a significant genetic component influencing
the development of diabetes. Type 1 diabetesis an
immune mediated disease usually presenting in children
between the ages of 5 and 15. If represents about 13%
of those people with diabetes in Australia {Australian
Institute of Health and Welfare, 2008). in type 1 diabetes,
the person musf first inherit a genetic predisposition to
the disease. Then a factor in their environment such as
a virus, triggers the onset of diabefes. Type 2 diabetes
is the most common form, affecting approximately
three percent of Australians and representing about
83% of all diabetics (Australian Institute of Health and
Welfare, 2008). It generally affects people over the
age of 40. However, it Is now occurring increasingly

in younger people. Once agdain, there is a strong
genetic predisposition for type 2 diabetes, with several
genes having been identified. However, genes alone
are not enough to cause the onset of diabetes and
environmental factors such as obesity and a sedentary
lifestyle greatly enhances the chance of people with
these genes developing diakbetes.
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Role of Science Education

Asthma, coeliac disease and diabetes are conditions
that have an increasing prevalence in Australia

and frequently affect school aged children. They

are commonly the subject of media articles and
government health initiatives. Students are likely to have
been exposed fo media reports about these conditions.
Another important consideration when choosing these
three conditions was the informative health aspects of
teaching about them. It is increasingly important that
cifizens become their own health advocates and that
students are provided with the necessary information fo
maintain the health and well being of themselves and
their family throughout their life.

Research suggests that students taught how to make
decisions using genetics based social issues gain a
better understanding of genetics concepts (Venville
and Dawson, 2010). There are many socioscientific
issues in the field of genetics, such as genefic testing
and the growth and use of genetically modified food.
Such issues are contentious and provoke opinionated
arguments from sfudents on both sides of an issue.
However, students need to use evidence and facts to
support and defend their argument and this is known as
evidence based decision-making. In order to promote
these skills and enhance students' critical thinking,
curriculum materials based on genetic socioscientific
issues were developed and trialled in collaboration with
teachers, This paper describes the development and
trialling of these genetics curriculum materials.

THE GENETICS FOR THE 21sT
CEeNTURY PROJECT

This project involved professional development (PD)
days that provided teachers with accurate and
cutting edge information which they could use in the
classroom. Seven exemplary biclogy teachers were
invifed to participate in the project. They were brought
together with genetics researchers and science
educafors from universities, as well as experts in genetic
testing from industry. The teachers attended two full
day and one half day PD workshops where they were
presentfed with talks about current genetics research,
genelic testing, evidence based decision-making and
pedagogy.

Professional Development Day 1 - Intfroduction
to Genetics Teaching

The first day was an infroduction to the project and a
chance for the teachers to discuss their experiences
feaching genetfics. Teachers were asked o bring

in samples of worksheets and activities they used In

the classroom to teach genetics. These examples

were discussed and the teachers discussed the type

of materials that they needed to teach genetics
effectively; accurate, up-to-date, relevant to Australian
students, easy to understand and easy to use. They

PRESENTATION

1 Recent trends in genefic epidemiology and population
" | studies

Genetfic testing for human disorders

Keeping Ausiralia safe: Genetic festing and bicsecurity

Inquiry based learning

Evidence based decision-making

2
3.
4.
5.
b,

Figure 1: Outline of professional development day. I'.

Curriculum planning workshop
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wanted real life case studies of genetic conditions and
issues which occurred in Australia. Several talks were
given by scientists involved in genetics research and
genetic testing.

Professional Development Day 2 - Asthma

The second PD day was based around 'Asthma’. The
teachers were given an introductory presentation
about asthma, its prevalence in the world and Australia,
mulfifactorial nature, possible environmental risk factors
and current genetic research. The curriculum materials
based on asthma were presented to the teachers

and their initial thoughts discussed. Teachers were also
infroduced to a three dimensional pedigree availatle
online, which could be used in the classroom as a tool
to teach inheritance, and fook part in a workshop on
common alternative conceptions held by students
about genefics (Venville and Treagust, 1998).

PRESENTATION

1 Asthma — a multifactorial disorder; trends and recent
" | research

2 Celestial 3D (3D pedigree for teaching modes of
" | inheritance)

3. | Current research in genomes

4. | Alternative conceptions in genetics education

Figure 2: Oulline of professional development.day 2.

Professional Development Day 3 - Diabetes

The third PD day was based around ‘Diabetes’

and teachers interacted with several high-profile
resedrchers involved in current diabetes research. The
first presentation was an infroduction to diabetes, the
prevalence and impact on Australians, the different
types of diabetes, the genetics of each diabetes type,
possible environmental triggers and current treatment.
Teachers were introeduced to research info using lupin
as a weight control measure and also current research
on type 1 diabetes. A workshop followed using sensory
evaluotion of bread types as an example of a possible
classroom activity, followed by a discussion on different
open-ended investigations relating to diabetes.

PRESENTATION
1. | Infroduction to diabetes

5 | Use of lupin-enriched foods fo maintain o healthy body
" | weight

3. | Research on causes of iype 1 diabetes

4. | Sensory evaluation of bread texiure

llustrations, pictures and newspaper articles and were
published as a thirty-two page booklet entitled Genetics
education in the twenty-first century: a guide for
Australian high school teacher’ (Dawson, Venville and
Carson, 2009). The bookiet was divided into four sections:
three sections focused on the genetics conditions

and one section focused on genetic case studies to
enhance evidence based decision making skills.

The first section is *Asthma'. This section includes
teacher notes which give detailed information about
the symptoms of asthma and the possible tfriggers of
an asthma attack. Interesting facts are included which
teachers can share with students in class discussions,
See Figure 1.

Resplratory iufections eg. colds and fin
Infechons w vmla canse TiRe of all asthoa attacks clufdren winch i why 1t 1o
recommended that all asthuna susferers have a flu vaceination belfore nanter

Cigaretie vinoke
Studies show that 3 chald wath asthina hos more frequent and more setere asthuna
D attacks il exposed to smohe In fact chuldren with asthuy Whose parents swoke at
home. are tace as kel to have asthuna sviproms all vear long as cluldien of non.
smokens Tt as estimated that cluldren of parents who snioke are exposed o the same
amotnt of mcotie as 1f they were acuvely smohuig 60 10 150 cigarettes a Yeat

Lxercise
X Mot people Wath asthuna biave asthma symptoms of they exercise w diy o cold an
&. When at gest. au s sporstened and watmed as 1t passes thuotigh your nasal passages
Howeter when you excicise you need tuore oxvgen so you bieathie thoough your

motlh This cold and dey ar causes the mnscles aromsl amavs 1o tighten
Thtonchoconsnction

Figure 1: Snapshot taken from the Asthma section of
‘Genetics Educationin the 21si Century'. (Dawsen, Venville,
and Carson, 2009)

The first student worksheets are based on the
symptoms, triggers and treatment for an asthma
attack. Students are also given the opportunity to
compare the rate of asthma in their class with that in
Australia. The next worksheet is based on an artficle
from the local newspaper, which states that, '‘Babies
born by caesarean section are up to 50% more likely
to develop asthma, accerding to a study of 1.7 million
births' (Guest, 2008). This is followed by a scenario
about a fictional family, where the parents are using
this information to decide on a natural birth versus a
caesarean. Students are asked their initial opinion and
then given five questions to guide them through the
evidence needed to support their decision.

‘Coeliac Disease’ is the next section of the booklet. The
teacher notes provide information on coeliac disease
in Australia, its epidemiclogy, symptoms, diagnosis and
freatment. Once again, interesting facts are included
to share with students. See Figure 2.

5. | Open-ended investigations related to diabetes
Figure 3: Oufline of professional development day. 3.

There was no specific workshop provided about
coeliac disease. However, curriculum materials were
developed using the same criteria that were used with
‘Asthma’ and ‘Dicbetes’. These materials included
worksheets based on the sensory evaluation of
different bread types.

REesuLTts

Curriculum materials were developed on the three
genetic condifions; asthma, coeliac disease and
diabetes. These were further improved to include

teachingscience
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dict as then gastoimtestinal svatem has

s ;\‘ the dict of a carnvore

Figure 2: Snapshot taken from the Coeliac disease section

of ‘Genetics Education in the 21t Century’. (Dawson,
Venville, and Carson, 2009)
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The student worksheets begin with an article from the
local newspaper about a seven-year-old boy who had
been il until he was diagnosed and freated for coeliac
disease. Students are then asked several questions
about the article, to highlight the diagnosis,

symptoms and freatment of coeliac disease. A
practical activity is also included, where students
evaluate four different types of bread including

gluten free bread, based on the characteristics of
appearance, texture and taste, Students are also
asked to score each of the bread samples based on
its ‘healthiness’. Teachers are provided with answers

to all student worksheet questions.

The next section of the bocklet is ‘diabetes’. Teachers
are again provided with notes on the condition, which
include the different types of diabetes, symptoms,
diagnosis, freatment, complications, and diabetes

in indigenous Australians. Again interesting facts are
included. See Figure 3.

Diabetes in Indigenous Australians

Indigepous Australians have 2 life expectancy 17 vears behnd the rest of the populanon
and this figure 15 sigmficantly contrbuted fo by diabetes. Indigenous Ausmrahans are
three tmes more hikely o develop 1ype 2 diabetes. Are they geuctieally more suscepuble
10 diabetes?

Some scienusts believe m the so called ‘thnfty gene' The 1dea behund
this 15 that wdigenous people were hunter gatherers and food was pot
always abundant. It is believed that evolunonary selection pressires

have led to a gene which is efficient at usiig scarce nutrients So what

15 a survival advantage m tinies of scarce food. bevomes a hability in
the modern world with excess food and this leads 10 obesity and diabetes.
Not all sctentists belicve in this theory They belicve that as 99 of
our ancestors lived as huaters‘gatherers, if such a gene existed surely
we wourld all have one” They believe that envirommental factors
such as poor diet. sedentary lafestyles. alcobohsm and smokimg
contnibute more fo the high rate of diabetes than geneties factors
Alhough the trie cause of the ligh rate of diabetes m Indigenous
Austratians s still unknown, the cost both socially and econousically =
1o Indigenons populations 1s large

(. hoaeye 18 werdpress. com X007 08

Figure 3: Snapshot taken from the Diabetes section of

‘Genetics Education in the 2ist Century!. (Dawson, Venville,
and Carson, 2009)

The worksheet provides a fictional story about a young
girl showing symptoms of diabetes and students are
given a table to complete that compares type 1
diabetes with type 2 diabetes. Students research these
two types of diabetes using either the library or the
Internet. Website addresses are provided. Questions
are then asked about the original story as well as
prediabetes and the increasing rate of diabetes

in Australia.

The last section in the booklet was included to enable
students to practise and improve their evidence based
decision-making skills. It is called simply ‘Case Studies’.
Six different scenarios are included and all are based
on genefic socioscientific issues. They include scenarios
on genetically modified food, genetic testing, genetic
population epidemiclogy. genetically modifying
animals and forensic testing. In each case study,
students are presented with a possible scenario.

For example:

Sarah is a 16 year old school student with asthma,
who has successfully managed the condition since
she was five years ald. Her mother also has asthma
but her younger brother and father do not. She

is often upset that her brother can take part in all
school sports without having to take medication.
The exact cause of asthma is unknown but has
both a genefic and environmental component.
One day Sarah hears about a proposed long-ferm
population based health sfudy. Every three years,
the study will collect detailed health information,
including physical tests and a blood sample for
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genetics analysis. All of this information would
be putinto a database, which may increase the
researchers’ understanding of the genetic basis
of diseases such as asthma
(Dawson, Venville, and Carson, 2009)

Students are then asked for their inifial opinion on
whether this type of research should occur in Australia.
They are then guided through the development of their
argument by being asked, what further information
would help in making their decision, what are the
advantages and disadvantages of their decision, how
would they convince someone else their answer is the
best one and, lastly, if they have changed their opinion.
These scenarios have been specifically designed to
present a dilemma, so there is no clear right or wrong
answer and class discussions should be encouraged.

Initially 250 booklets were published as a classroom
resource. These were distributed firstly to the teachers
who took part in the professional development days,
then to teachers attending the local State and National
Science Teachers' conferences. A PowerPoint on

each of the diseases was presented and the booklet
was then distributed to participants. This booklet was
also distriouted to members of the Science Teachers'’
Association of Western Australia (STAWA).

ConNcLusioN

Almost all of the 250 copies of Genetics education

in the twenfy-first century: a guide for Australian high
school teachers have been disseminaied throughout
Australia and there has been an overwhelming positive
response fo the materials.

It is hoped that further copies of the booklet will be
published and distributed to Ausiralian secondary
school teachers for use in the classroom. We are hoping
to clso use these curriculum materials in classrooms to
improve students’ understanding and awareness of
these conditions, in particular asthma and diabetes
and also to improve students’ reasoning and evidence
based decision-making skills. In this way we aim to
empower students and provide them with some of the
skills needed to become a scienfifically literate citizen
in society.
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