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Classroom teaching in genetics and birth defects: the
Nottingham experience
J S FITZSIMMONS
From the Clinical Genetic Service, City Hospital, Hucknall Road, Nottingham NGS 1PB.

SUMMARY Advances in genetics and their implications for disease prevention make it important
that there should be more emphasis on the teaching of human genetics in our schools. This is
likely to require cooperation between educationalists and interested medical staff and two such
ventures, one in North America and the other in Nottinghamshire, are described. The latter,
involving school teachers, the Department of Health Education, and the staff of the Clinical
Genetic Service appears to meet a need, and the teaching material developed is in use in
secondary schools throughout the county. The teaching package contains simple examples of
disease inheritance, brief information about antenatal diagnosis and genetic counselling, and
some class exercises designed to encourage discussion on handicap and its effects on the family.

The new genetics

Recent developments in molecular biology and the
emergence of the new genetics have important
implications for medical services in the United
Kingdom and elsewhere. Some aspects of these
advances, particularly in relation to antenatal di-
agnosis, have created complex and often controver-
sial social issues which may be highlighted further as
research continues. In general, the community
appears to be poorly informed about these new or,
for that matter, earlier developments in genetics and
there has been little public discussion about some of
the consequent social and ethical issues. This is not a
new problem and there has always been difficulty in
ensuring the effective transmission of research
knowledge to the community. The reasons for this
are not clear, but society has a very important stake
in many of the recent advances, and there should be
more public awareness of their implications, particu-
larly for disease prevention. This point was empha-
sised recently by Weatherall1 discussing the impact
of the new genetics on clinical practice, and has been
stressed by other writers over the past decade.
There have been no firm recommendations as to

how best this can be achieved. The majority of the
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public relies on the media, in particular television,
for information about scientific advances. This can
be very effective but the presentation of the material
is not always at an appropriate level and may be
over-dramatised and on occasions biased.2 What-
ever their shortcomings, most television program-
mes dealing with scientific issues appear to be
popular and this seems to reflect a genuine and
widespread public interest in medical matters. It
also indicates an increasing willingness by many
people to play a more active role in the management
of their own health problems. Helping patients to do
this and to help themselves is not always easy but is
becoming an important approach to dealing with
various medical problems, including those due to
genetic factors.

Biology teaching in North America

It is common experience that the majority of
persons attending genetic counselling clinics have
little or no knowledge of basic biological principles
and may be completely unaware of the social
consequences of recent advances. Many have diffi-
culty in understanding even simple genetic facts and
if they are to be helped to cope with the resultant
ethical and social issues, they will need to have a
greater understanding of the basic concepts of
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human genetics. This point was stressed by Hurd3
and others reviewing the situation in the USA, and
they concluded that the majority of the adult public
does not have an educational background in human
biology. Those who have had teaching in biology at
school may have little teaching in genetics and even

less in human genetics, findings which apply equally
to the United Kingdom.4 They concluded that in the
long term greater public understanding will only be
achieved by changes in the way genetics and biology
are taught to the young people in our schools. A
similar recommendation was made by Scriver et a!5

after enquiries which confirmed that high school
students in Canada had little comprehension of the
principles of human genetics and little or no

awareness of their relevance to health related
problems. Their survey of text books of biology
revealed a lack of emphasis on human genetics and
little or no attention to genetic disease. They further
noted that teachers and pupils questioned were
anxious to have improved teaching on the social
effects of advances in these subjects. This provided
the opportunity for some Canadian genetic services
to cooperate with local schools in a new approach to
teaching genetics and informing the pupils of the
importance of the subject for society. For that
reason, it was thought useful to review briefly the
experience from North America, and to assess the
possibility of cooperation with teachers in schools in
a typical English Midlands county.

Developments in USA: BSCS

In 1975, the Biological Science Curriculum Study
Group (BSCS), with financial support from the
National Foundation-March of Dimes and the
National Institutes of Health, conducted several
studies into the state of education in human genetics
in the United States and its role in the prevention of
genetic disorders. As a consequence, there emerged
the Center for Education in Human and Medical
Genetics, part of the programme of the BSCS. This
is now recognised by medical, scientific, educa-
tional, and governmental communities as qualified
to coordinate the measures necessary to improve the
teaching of genetics in schools and colleges. The
project staff have over the years designed, de-
veloped, and evaluated several instructional books
in human genetics for high school students. One of
these, Genes and surroundings, considered suitable
for students aged between 11 and 14, provides an

opportunity to gain experience of basic genetic
principles in the context of human genetics. There is
an accompanying teacher's guide and both this and
the student's text represents a departure from the
more traditional teaching approaches to the subject.

A second book, Basic genetics-a human approach,
suitable for students aged 14 upwards, emphasises
once again that the principles of genetics can be
better illustrated in man than in other organisms.
Neither text is meant to replace standard works on

genetics and both should augment existing teaching
material. The objectives of the course are impress-
ive and are listed in table 1. Table 2 lists the

TABLE 1 Aims of the BSCS course. These are ambitious
but adequately covered in the texts supplied to teachers.

Students should be able to
1 Use the vocabulary of genetics.
2 Understand the effects of interaction between genotype and

environment.
3 Distinguish between mendelian and non-mendelian inheritance

patterns.
4 Describe X linked inheritance, chromosomal anomalies, and

multifactorial disorders.
5 Explain how mutation is related to genes, chromosomes, the

environment, and genetic variability.
6 Interpret a pedigree.
7 Explain inheritance of blood groups, sickle cell disease, Tay-Sachs

disease, etc.
8 Explain how chromosomal disorders arise: interpret a karyotype.
9 Describe techniques of antenatal diagnosis.
10 Understand purpose and process of genetic counselling.
11 Appreciate effects of genetic disease on families.
12 Discuss professional and individual conflicts relating to morality and

ethics.
13 Appreciate some of the ethical, moral, and legal questions relating to

new technologies.
14 Describe new techniques such as gene mapping and recombinant DNA.
15 Analyze decision-making from society's as well as individual's point of

view.
16 Speculate on the use of new genetic technologies in the future.

TABLE 2 Cystic fibrosis is chosen as an introductory
activity overfive classroom periods. The disease incidence,
clinicalfeatures, family and social effects are all described.
Probability concepts and personal decision making are
also introduced.

Activity Minimum No of
class periods

Living with cystic fibrosis 5
Looking ahead 1
A new view of health:

genetics and environment I
Thinking about ethical questions
and case studies in genetics 3

Robert Vandenberg wins
special Olympics 1

Studying human chromosomes
and countdown on chromosomes 1-2

Reproductive technology:
today and tomorrow 1-2

Human variability 2
Is mutation rate higher in males

than infemales? 2
Antenatal diagnosis 2-3
Genetic screening:

prevention with problems 2
Gene mapping 2
What is our responsibility to

future generations? 1
Recessive genes and the gene pool 1-2
Selection and the gene pool 2-3
The miracle of spliced genes 2
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suggested activities for a six to seven week course
from the second text. The standard throughout all
texts is excellent with a well balanced mixture of
factual knowledge, recommendations for subse-
quent exercises, and humour. The emphasis is
always on relevance for both the individual and
society. Each book runs to approximately 100 pages,
is well illustrated, and the material attractively
presented. They are available on request from the
BSCS to colleges and schools throughout the United
States.

Projects in the UK

SCIENCE IN A SOCIAL CONTEXT
There are clearly considerable financial implications
in programmes such as the BSCS and nothing
similar has yet appeared in the United Kingdom.
There are various possible explanations for this, but
it is encouraging to note the emergence of projects
such as Science In a Social Context (SISCON), the
Secondary Science Curriculum Review, and others
over the past few years. These have been organised
and developed by teachers who believe there is a
need to emphasise different teaching strategies for
our pupils. They want to encourage a more enquir-
ing approach to science and to see less emphasis on
the total body of knowledge gained. Teachers are
asked to see themselves more as guides helping
pupils to make reasoned personal decisions about
problems than as possessors of the right answer.
SISCON has produced a series of eight brief
pamphlets for general studies at sixth form level.
The course has been specifically designed to make
scientific problems more accessible to the non-
scientists as well as to explain the social aspects of
science. One of these, Evolution and the human
population, deals briefly with some of the moral,
medical, and legal implications associated with
handicapping conditions. It mentions, very briefly,
genetic counselling and the practice of eugenics.

SCIENCE CURRICULUM REVIEW
The Secondary Science Curriculum Review is a five
year programme of research initiated with the
specific aim of reviewing and developing the science
curriculum from the ages of 11 to 16. This also
recommends more emphasis on the importance of
science for the individual and society. Both prog-
rammes are of obvious interest but there is, as yet,
no report of their impact on the school curriculum or
science teaching in secondary schools in this coun-
try. Many of these suggested changes have met with
criticism and some biology teachers are concerned
that there may be too much emphasis on the social
aspects of biology and science in general. They want

to see more stress being laid on teaching fun-
damental scientific principles. Such concern is
understandable but there would seem to be no
reason why these differing aims should not coexist.
Many teachers in the United Kindom still see
biology as a low status examination subject and as a
consequence there are many able pupils leaving our
schools with only very limited teaching in biology,
and little or no teaching in genetics. This is a cause
for concern and in view of the differing opinions on
how science should be taught it is likely that any
change in the curriculum at national level will be
slow. This makes it important to look at how the
situation might be improved at local level.

Experience in Nottinghamshire

Over the past few years, the Clinical Genetic Service
and the Department of Health Education in Not-
tingham have examined possible ways to assist
teachers prepared to introduce some of the changes
similar to those pioneered by the BSCS. Initial
enquiries confirmed that cooperation of this sort
would be welcomed and during the autumn of 1981 a
short statement on genetics and birth defects was
drafted and, after discussion, adapted to meet the
teachers' requirements. In November 1982, the trial
material was distributed to 20 schools in the county
and city of Nottingham. These included comprehen-
sive schools, sixth form colleges, and special schools
for handicapped children. Those teachers willing to
cooperate and to evaluate the information were
from various backgrounds although most were
biology graduates. None had previously used human
disease to explain inheritance patterns and
karyotypes had been only cursorily discussed. The
majority welcomed the differing emphasis provided
by introducing the relevance of genetics to health
and to society. Their comments confirmed that the
length of the book (approximately 42 pages) and its
contents were satisfactory and required little altera-
tion. The Nottingham Health Education Depart-
ment undertook to bear the cost of publication and,
in January 1984, 131 copies of the booklet were
distributed to every secondary and further education
establishment in Nottinghamshire. At the same
time, teachers were invited to seminars to discuss
the information and two of these were held in the
spring of 1984. After this, questionnaires were
circulated to all recipients of the book and their
further comments requested and noted. No major
alteration appeared to be necessary and the popular-
ity of the material appeared to be confirmed by a
need for a second printing. Classroom exercises
were chosen to illustrate the various sections in the
text and these are shown in table 3. Some common
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TABLE 3 Classroom discussion topics designed to illustrate
basic concepts discussed in the text. These include the
aetiology of birth defects; single gene, chromosomal, and
multifactorial inheritance; individual and social effects of
disease andpersonal decision making; genetic counselling
and antenatal diagnosis.

1 Birth defects: myths and realities, genes and disease.
2 Family and social consequences of genetic disorders.
3 'Burden' of genetic disorders: economic implications.
4 Health in pregnancy. Teratogens and individual's responsibility.
5 Prevention of genetic disease: gencAic counselling.
6 Antenatal diagnosis.
7 Genetic screening for specific disorders.
8 Pedigree information: symbols and techniques.

diseases, for example, cystic fibrosis, are dealt with
in more detail and the opportunity was taken to
introduce some basic facts relevant to conditions
such as thalassaemia and sickle cell disease. Notting-
hamshire, like other Midlands counties, has a

considerable proportion of Asian and West African
immigrants and it was considered important to make
reference to screening for these two common pro-

blems.6 Rapid developments in molecular genetics
and recombinant DNA technology make it essential
to include some information on these in subsequent
revisions.
From the written and verbal comments received,

the material has been welcomed, is apparently not
available elsewhere, and seems to be useful. A
formal evaluation of the effectiveness of the in-
formation on student knowledge or attitudes has not
yet been attempted but initial reaction has been very

encouraging. A recent evaluation of the BSCS
teaching programme7 in the USA concluded that
this type of presentation of biology was more

favourably received by students than traditional
biology teaching methods. A further finding was

that a general science background made no differ-
ence to the performance score in the BSCS biology
course.
The exact place for this sort of material in the

school curriculum has not yet been finally decided.
Biology teachers in general felt that it was best
included in standard biology teaching on genetics.
This subject is unfortunately only taught to the more
able pupils and this could restrict its use consider-
ably. Some thought it should be part of the teaching
in courses such as social biology or preparation for
parenthood. A few considered it useful as a discus-
sion document in classes on religious education.
None of the teachers felt that the material was

unsuitable because of its ethical or moral implica-
tions and they were asked specifically about this.
Some felt it was unsuitable because of the educa-
tional attainment of their pupils, but the majority

thought it added an approach to biology which was
much needed.

Weatherall,l in his monograph, concluded that
the only certainty in the field of molecular biology is
that molecular biology will not wait for us. Develop-
ments in genetics will continue to have important
implications for the nation's health and the public
needs to be made aware of their potential. How best
this should be done needs further discussion but in
the long term it is likely to be most effectively
ensured by changes in biology and genetics teaching
in our schools.8 The aims of this cooperative
teaching effort in Nottinghamshire were to increase
young people's awareness of genetics, its relevance
to health matters, and to disease prevention. It was
also hoped that it might encourage a more tolerant
attitude to handicap in children and adults, and
would serve as an introduction to ethics and in-
formed personal decision making. The effectiveness
of the project clearly needs further assessment, but
there is evidence that more teachers would welcome
this sort of initiative and Clinical Genetic Services
need to become more involved.9

I would like to thank Mr Ian McCafferty, Area
Health Education Officer, Miss Hazel Daniels, and
Mr G C Doyle, Department of Health Education,
Huntingdon House, Nottingham, for their coopera-
tion with this project. I am also very grateful to
Joseph D McInerney, Associate Director of the
BSCS, The Colorado College, Colorado Springs,
Colorado, USA for his very helpful correspondence
and encouragement over the past few years. I would
also like to thank the BSCS for permission to repro-
duce some of the objectives of their course in tables
1 and 2. I am grateful to Dr S Bundey for helpful
criticism and Miss P C Webster for typing the
manuscript.

Copies of the Nottingham booklet are available on
request to the author.
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