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Working Paper 1:

Young people’s understanding of, and attitudes
to, “The New Genetics”

Rationale, design and methodology

Colin Wood-Robinson, Jerny Lewis, Roxaling Driver and John Leach

Abstract

This paper places the research of the project in the context of schaol science education and
the public understanding of science. It poses the research guestions which the project sought
o answer and explaing the methodology involved in addreszing them, The varicus research
instruments wsesd 10 the gathering of data are described and the approaches to the design of
these instruments are justified. The manner of administration of the research instruments is
explained and details are provided of the sample population surveyed. Exemplary coding
schemes developed (rom the ziudent rezponses and used in the analysiz of the data are
discussed. Brief details are given of subsequent Working Papers in this series.

Introduction

In recent years there has been a rapid increase in the development of a range
of genetic technologies. Food derived from genctically modified organisms
15 appearing on the shelves of supermarkets and pharmaceutical products
such as insulin and growth hormone, produced in genctically modified
bacteria, are in daily use. The crestion of transgemc animals has further
ingrensed the availability of a range of therapeutic substances. Somatic gene
therapy is being trialled tor the treatment of genetic disorders auch as cvstic
fibrosis, adenosine deaminase deficiency (SCIIY) and hasmophilia. DNA
fingerprinting has become a standard ool in the detection of crime. The
complete genome for the first eukarvote {Saccharamces cerevisiae) has been
sequenced and work on the Human Genome Project is on target for the
sequencing the entire human genome by the end of the century.  Media
aliention has kepl pace with these developments with the creation of
transgeme sheep and the role of DNA fOngerpninting in well-publicised
murder trials becoming front page news.

This new technology raiscs social and cthical questions. To what extent is it
legitimate 10 modily the genomes of plants to create “improved’ food for
human consumption? I 0 is legiimate for plants, 15 it also acceptable for
mammals 1o be genetically modified? Who should make decisions about the
avallability o©f genetic screening  for inheritcd  discases and  other
characleristics?  Who has ownership of information derived from such
sereeming or ITrom DNA fingerprinting?  What will be the effect on the
environment if genetically modified organisms are released into it?  Whart
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will be the effect of gene therapy on the human gene pool? Who should have
control over the development and use of new technologies? It is worth
emphasising that plant snd animal breeders have been modifying the
penomes of organisms for centuries and their work has rarely heen
qucstioned.  But developments involving recombinant DNA technology are
perceived in quite a different way - perhaps because of the transler of genetic
material from one species of organism to another.

There 15 also anether, perhaps more personal aspect to these developments.
Each one ol us has our own unique complement of DNA, our own particular
set of genes - or more correctly alleles. This is shared by no-one else unless
we have monozvgotic siblings,  Manmipulation of genes and the other
technolopies associated with our genetic makeup are therelore of signilicance
to all of us.

Young people in schools today are increasingly becoming part of a society in
which these and other genetic technologies are commonplace. They will he
required 1o choose personal courses of action related to the results of these
technologies and many of them will become decision makers influencing
speictal attitudes 1o these and other related issues.  Yel we have litle
knowledge cither of the levels of understanding of modern genetics posscssed
by young people, or of their opinions and attifudes (o the 1ssues ansing from
work in the field, although evidence presented 1o the House of Commons
Science and Technology Commuittee (1995) suggpested that the understanding
of genetics demonstrated by the general public is very poor. It is likely that
voung people’s knowledge and understanding and their opinions  and
attitudes are derived in part from formal schooling, but also from a range of
other sources in the media and elsewhere, It 1s against this background that
the research reported here was undertaken.

This Working Paper considers the rationale for the research sel in the context
of penetics education for scientific literacy, It examines the place of genetics
within the National Curriculum for Science belore lraming the rescarch
gquestions  which the project sought to address. It reports on  the
methedologies adopted in order to address the research questions, on the
design of the rescarch instruments and on the ways in which the responses
were coded and analysed. Information is given on the adminisiration of the
test instruments and on the sample population used before finally oullining
details of subsequent Working Papers in this series.

-2
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Rationale for the study: genetics eduecation and scientific
literacy

Seientific literacy for speciflic purposes

Fducation in sclence is allorded a high priority in Western countries, and a
case 15 often made that scientists and technologists should be trained in order
i contribute to national economies. One approach for ensuring an adequate
supply of well-trained professionals would be to select the most able students
at an early stage in their education, and offer them a specialist curriculum in
science. However, the aims of science curricula around the world tend to be
broader than this. In addition to supplying highly qualified specialists, a
stated aim of the science curriculum is to promote the sofentific Heracy of all
students as part of their general education {American Association lor the
Advancement of Science, 1989; National Curriculum Council, 1993; Roval
Society, 1985; European Union, 1993).

Although promoting scientifie literacy is ofien stated as an aim for science
edugation in public policy documents, little attention is given to defining
whal scientilic literacy might involve, or what a scientifically literate person
might be able o do. In the science education literature, however, a number
of types of scientific literacy have been characterised, according to the ways
in which individuals draw upon and use scientific knowledge for particular
purpoeses {for a full discussion of this issue, sce Driver ef al., 1996).

Using scientific knowledge for afffftarfan purposes involves individuals in
drawing upon scientific knowledge that is useful to them in a practical way.
An example of this is using knowledge about the germ theory of disease to
prevent contamination during the preparation of food. It has also been
argued that individuals need a degree ol scientific knowledge in order o deal
with scicnoe and technology as they are encountered in modemn socicty. In
modern societies, decisions have fo be taken about matters with 8 scicnos
dimension, such as how energy shoull be generated and used, how refuse
should be disposed of, how the salety of food should he maximised and so
on. Using scientific knowledge for democratic purposes involves individuals
in drawing upon knowledge to understand and participate in such debates. In
addition, cuftural scientific literacy involves individuals in understanding
science as a cultural achievement of modern society, along with art, music
and literature.

These characterisations of scientific literacy go some way to delineating the
different ways in which scientific knowledge might be drawn upon in
different situations. However, it is far from clear how the school science
curriculum might support scientific literacy. Consider the wtilitarian case,
Can a school sclence curriculum be designed to equip all individuals with the
seientific knowledge that they may need in various personal and professional
contexts during the rest of their lives? In one sense it clearly cannot. The
development of knowledge over the next 40 vears (the working life of school
leavers) 1s unknown and unpredictable, so how can school sclence prepare
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them for it? There is also an argument that individuals need very little
conceptual understanding of science in order to deal with the artefacts of
science and technology,  Electricians do not need 1o draw upon formal
knowledgze of current and polential diflerence when wiring houses, for
example. A similar argument applies to the demecrafic case. How can a
school science curriculum  be designed to equip individuals with an
appropriate range of scientific knowledge to deal with the issues that they
may encounter in [ulure adult life? FEven experts are often cautious about
expressing opinions on issues outside their own specialisms (Millar, 1996).
A seience curriculum aiming to promote understanding ol the cuftural
significance of science might be designed in a very dillerent way and [oCus
on key historical episodes, such as the Copernican revolution, the emergence
of evolutionary theory or ‘the DNA revolution’ commenced by Watson and
Crick forty years ago.  Such topics, however, would not necessarily be
included in the curriculum for utilitarian or demaocratic reasons.

Crenetics and scientific literacy

Turney (1993) has suggested three principal molives [or developing an
understanding of genctics amongst members of the public. In some wavs
these overlap the utilitarian/democratic/eultural classification referred (o
ahove. Tumey's first motive relates to the need for individuals te be able to
give informed consent to, and also be able to interpret the results of, the
multiplicity of screening tests that will theoretically become available as the
work of the Human Genome Project nears completion.  This is clearly a
urifitarian  justification. The second relates to the need for a fuller
understanding to underpin policy-making in the ficld. Lastly. there is a
desire on the part of researchers for the pubhic to be better informed in order
that their research 15 allowed to continue and 15 funded. The regulation and
supervision ol work in the [eld needs to be undertaken in an informed
climate rather than one of ignorance. Such demecratic reasons for public
understanding in relation to genetic engineering were highlighted nearly 20
vears ago by Senator Edward Kennedy when he suggested that "The
assessment of risk and the judgement ol how 1o balance risk against benefit
of recombinant DNA research are responsibilities that clearly rest in the
public domain. And it follows that these issues must be decided through
public processes” {Dutton, 1984, quoted by Michie ef af, 1995).

Following up the first of Tumey’s matives, health care 1s perhaps the most
likely area in which people may encounter the new genetic technologies at
first hand in ways which can affect them deeply. Increasingly, people may be
offered screening for various genetic conditions prior to starting a [amily,
during pregnancy, or perhaps even before marriage. In deciding whether to
take up offers of screening, and deciding how to act upon information from
such screening, individuals may draw not only upon what they have
unclerstood  as a result of their interaction with specialists {genelic
counsellors, those admimstering the sereening, medical practitioners, ete.) but
alse upon their knowledge of genetics.



Working paper I Bationale, desizn and methodology

Griffiths (1993} has put forward live reasons for teaching about genetics.
The first of these relates o the ways in which genetics has affected human
views of our species and its relation to the rest of the universe. Chromosomal
studies suggesting our relationship to other primates and the umversality of
the genslic code are two important and relevant examples in this context. A
second reason is the insight that penctics can give o crucial social and
environmental issues,  The genetic component of racial and  gender
differences and global genetic diversity are two examples here.  Thirdly,
society has been dependent on genetics through many centuries of plant and
animal breeding and is now increasingly dependent on “the new genetics” for
a range of food and pharmaceutical products. Tourthly, Grithiths paoants out
that, now that many infectious diseases are conquered, a large proportion ol
human ill health has a genetic basis. Finally he suggests that genetics
provides classic examples of logical reasoning and therefore can be used 1o
train students in problem solving. Interestingly Dawkins (1996) has recently
made a very similar point about the subject of biology as a whole, "L leaches
you how to think and how to write, Tt feaches you a statistical way ol
reasoning as well as o merely logical way®, Similar arguments have been put
forward in the past for the study of classical languages and mathematics and
should perhaps be viewed with some scepticism.

The processes by which human beings select and vse knowledge in particular
contexts arc, however, very complex. People identify the salient features of a
gituation from a range of possibilities, decide what knowledze may be
relevant to the situation, possibly seek outl further information and ultimataly
reach o decision.  For these rensons, a ‘deficd view® ol scientific lleracy
seems inappropriately naive.  Deficil views of scientific leracy invalve
defining the scientific knowledge that people ought to have, and then
determining whether they do have such knowledge, Consider a situation
involving genetics: a couple are expecting a baby, and following positive
lests on themselves for cystic fibrosis carrier status, they are offered prenatal
serecning to find out more about the cystic fibrosis status of the foetos.
Understanding some of the important aspects of this case requires some
knowledge of genetics, an appreciation of the reliability and risks of this form
of prenatal screening, the likely prognosis for babies born with cystic
hbrosis, and a lorecast of future possibilities for the development of gene
ltherapy and other freatments. Other aspects of the situation relate more w
ethical commitments and persenal priorities. For example, some couples
may have to consider their own attitudes to health and abortion in the light of
thelr situation.

The above cxample is complicated: how might a “scientilically literate’
insdividual go about reaching a decision? It does not seem 1o make sense o
lalk about reaching ‘rational’ decisions based on the ‘appropriate’ use of
relevant’  scientilic knowledge,  The persenal priorities of  different
individuals are difTerent: we might therefore expect to see some diversity in
the range and use of knowledge by different people. On the other hand, all
couples in such a siluation would be presented with broadly  similar

L
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information ahout the condition of cystic [brosis, the nature of its inheritance
and the process of screening. Couples would then be in the position of
having to interpret the information presented and decide what was relevant to
their situation and what was nol.  In this situation, individuals with some
basic knowlelge of the nature of inheritance and genetic illness would be in a
better posilion @ make sense of the information presented.

It is not realistic to expect the school scicnee curriculum to include detailed
information about cvery genelic disease, or every other scientific context,
likely to b¢ encountered by students, We know very little about the ways in
which people actually draw upon and use various forms of knowledge in
problematic contexts with a science dimension (see Lavton ef el 1993). A
more realistic aim for the school science curriculum might be o equip all
young people with a range of more basic scientific knowledge, together with
some understanding of the sorts of situations in which such knowledge might
he useful.

The issues thal arise from applications of genetic technology are context-
specilic,  Let us return to the example of prenatal screening for genetic
disease, Cystic fibrosis is a condition which affects sufferers from birth.
typically resulting mn a dillicult ¢haldhood and adolescence and in premature
death during early adulthood. Couples who take up offers of prenatal
screening and find out that their unborn child wall have. or may have. cystic
fibrosis may be offered the possibility of an abortion. However, rather
different issues arise in the case of other genetic diseases,  People with
[Huntungton disease, tor instance, are normally free from symploms until the
age of about 40. The issues surrounding the desirability of prenatal screening,
for evstic fibrosis and for Huntington disease are therefore quite different.
We will use the term “issue’ to mean any matter arising from a particular
context which potentially involves a decision being made. In this study, we
were interested in the ssues that young people wdentify as emerging from
particular contexts relating to “the new genehcs’, and the ways in which they
interpret information that bears upon those issues,

People may form opinions about specific issues that emerge in particular
contexts. We will use the term “opinion’ to mean a value position relating to
particular issues in specific contexts. For example, someone may form an
opinien that the abortion of foetuses with cystic fibrosis is unacceptable, The
term Cattitude” will be used to refer to value positions which are more
general. Some individuals, for example, may have an attitude that abortion is
ethically wrong in any circumstances. Of course, it is not always possible to
know whether an expressed value position is specific to one conlest, or more
general,

Previous rexearch in the field
A number of studies have [ocused on the knowledge of genetics and attitudes
wr modern developments in the field amongst students, members of the
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general public and professionals, Some of these will now be discussed brictly
not to examine their lindings, but more importantly in the context of this
paper, to review the methodologies involved.

[n the conceptual field a number ol studies of young people’s understandings
of inheritance have been reported. These have been reviewed by Wood-
Robinson (1994 and 1995). The majority of these involved probing the
students” understanding through clinical interviews based on tasks framed
around particular contexts. This approach follows the hne ol research
pioneered by Piaget and developed [urther in scientific contexts by Oshorne
and Gilbert (1980} whe described their approach as Interviews About
Instances ([Al). The principal focus of such work has been o elicit students’
explanations for particular events or phenomena. It 15 the student who selects
the language thev wish to use to describe or explain the phenomena in
guestion. A phensmenological approach of this kind has implications for the
wavs in which students’ responscs arc coded and analysed and this 1ssue wall
be considered later in terms of the methodology employed in this study.

Ponder et al {1996) report on a study of 38 students al a Turther education
college. who had recently completed the National Cumiculum in Science,
together with 54 of their parents, Each student was mlerviewed individually
bv a researcher. The parent, or parents. were subscquently interviewed by
another researcher. All interviews were audio-recorded and later transeribed.
Interviews had the same structure for the students as for their parent(s) and
were [ramed in non-technical language, Words such as “gene’ or “penctic’
were only used il the inlerviewee used them Grst. In the [rst part of the
interview the interviewee was presented with a list of 14 condilions (e.g.
cancer, heart disease, diabetes, etc.) and asked whether they thought they
were more or less or equally likely to suffer from this condition than others of
the same age. They were then asked for the reasons for their response, Any
referenee to inheritance or family history was tollowed up by the interviewer.
[n the second part of the interview a family trec was drawn and details of
family health history were recorded including information on smoking.
drinking, height, weight ete. The methodological feature of the approach
used in this sludy was thus to explore individuals™ understanding of genetics
arcl their perceplions of the importance of environment and individual
behaviour in the context of their own genetic health and their knowledge of
family health history. Both qualitative and quaniitalive approaches were
used in analysing the data

Exploring more attitudinal aspects Michie ¢ af (1993) involved Gallup in
surveving 973 individuals drawn as a stratified random sample from the
peneral public aged 18-43. Their approach involved presenting  the
respondents with a list of twelve words, such as “concerned’, “enthusiastic’,
‘cautions’, “indifferent’, etc., and asking them 1o indicate which word or
words best deseribed their feelings about developments arising from new
discoveries in genetivs. In onder to investigate attitudes to pre-natal screening
the respondents were presentesd with a list of diseases and characteristics and
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asked for their views on the conditions under which screening should be
available - on the assumption that the screening was reliable and that the
testing was being dong with the possibility of ending the pregnancy. The
discases and characteristics included Down syndrome, cvstic fibrosis,
anencephaly (the implications of each of which were briefly explained). low
intelligence, child of unwanted sex, homosexuality, etc.  The third area
explored in thiz work concerned who should decide on the availability of a
new pgenctic test - individual parents or doclors, an advisory  group,
parlisment, cle, Similar guestions were pul 1o three selected smaller groups
ol people with a professional interest in the field. These professional groups
were geneticists from regional genetics centres (n—38); obstetricians (n=30);
and medical ethicists (n=44), Compansons werg then made between the
members of the general public and the professional groups.

Lock and Miles (1993} and Lock ef af (1993) sought the views of scheol
students’ on a number of aspects of biotechnology - including a range of
DNA technologies - both before and after relevant teaching. Their study
involved the subjects indicating their support or opposition to particular
technologies and contexts through paper and pencil questionnaires and the
use of Lickert-type scales. Their work did not attempt to explore the
subjects”  understandings of the technologies nor the reasons which
underpinned the students’ decisions to express particular opimions. [t also did
not seck to investigate the nature of the issues which the students perceived
as being important m the particular contexts with which they were presented.

Seriver (1993} investigated interest in genetics, compared with other areas of
the Mology curmeulum, among francophone high school students in
Monireal. Students were asked to indicate their level of interest on a five-
poimnt Lickert-type scale. He demonstrated that they had a higher level of
interest in genetics than in any other aspect of the biology curriculum except
human bhiclogy. Orver the last two decades  Scriver has used this interest to
carry out voluntary screening programmes o detect carriers of three genetic
conditions (Tay-Sachs disease, f-thalassemia and cvstic fibrosis) among high
school students and reports this to have heen an important initiative in public
education in genctics. However, Tyler ef of (1993) have expressed concemn
aboul such testing in the absence of proper pre-test counselling and have
questioned whether guidelines should not be drawn up.

Our experience of working on this research sugpests that there is a need for
the development of curriculum materials which address not only  the
conceptual aspecls of penetics. but also the personal and social implications
of the new genetic lechnologics. Mclnerney (1993) makes this same point in
an American conlext and highlights a number of deficiencies in this fcld of
American scienee education.  As a response 1o this need the Biological
Seiences Curmculum Study {(1992) has produced a module of curriculum
materials, concerned with some of the implications of the Human Genome
Praject, which has been distributed to 50 000 high school biology teachers in
the Umited States,
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In order to facilitate both curriculum development and teaching in the United
Kingdom, 1o achieve the aims discussed ecarlier in this paper, empirical
information about students” starting points in given cwrriculum arcas, such as
genetics, 15 essential. In this study we were interested o Iind out more aboul
the sort of genetic knowledge that young people have at the end of their
compulsory  science education, and their knowledge of the range of
applications of genetic technology. This would give us some idea of the sort
of knowledge that might be available to be drawn upen in the future, in order
o understand particular issucs with a genetic component. Only with this
well-documented  information  aboul  students”  current  knowledge  and
understanding of genetics, and about their perceptions of the issues arising
trom, and their opinions on, genetic technologies can we hegin to address
meaningfully questions about curriculum design and pedagogy,

One final point needs to be made in relation 1o the different circumstances
inherent in school students answering surveys - whatever their format -
compared with how these same individuals might react in the face of real life
decisions involving them personally in  the application of genctic
technologics. We acknowledge that the relationship between the two may be
very tenuous.

9
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Genetics and the National Curriculum for Science

All students in state schoels in England and Wales follow a science course
defined by the National Curriculum.  This includes elements of genefics
which are addressed al the secondary school levels of Key Stages 3 and 4.
For the last two years of compulsory schooling (Key Stage 4) this can take
the form of either a Single Science or a Double Science course leading to
either a single or double subject award at GCSE. Study to this level therefore
represents the compulsory science education that all members of the
population are likely to receive.

At the time of the research all students at Key Stape 4 were following
Science in the Mational Curriculum (Department of Education and Scicnce,
1991). Those sections relevant to genetics are shown in Appendix 1.

The National Curriculum appears quite explicit in what it requires students to
be taught, In genetics the emphasis 15 mainly on basic genetics with some
requirement for explicit leaching on issues more related o scientific literacy.
Chuestions arige as 1o what is implicitly included under the various elements
sel oul in the Programme of Study. For example how should the vanation in
genetic information among the gametes of a single individual be addressed?
It can be seen that an example is given suggesting that “genetic variation is
brought about {partly) by reshuffling chromosomes™ and there 15 the further
example of “chromosomes divide equally during meiosis”™. But what do
these examples convey about the level of understanding required of the way
in which genetic information is apportioned in the events taking place during
meinsis?  (Mher than these examples, no indications are given aboul an
approach to teaching and teachers have to make decisions aboul this
themselves.

Oiher implicil aspects of the formal requirement can also be questioned. s it
necessary  for students to appreciate that genes are arranged along
chromosomes, which normally lie within nuclel contained in cells which
make up organisms? Should they therefore be able to arrange these terms -
cell, chromosome, gene, DNA, organism, nucleus - in a logical sequence
according to size? Should students understand that the genetic information in
all somatic cell nuclei of a given organism 1s the same, bul is interpreted and
utilised differently in cells from different tissues? Do students need to
understand the overall results of a meiotic division resulting in egg and sperm
cells having the haploid number of chromosomes? o they even need 1o
knoww of the existence of chromosomes, which are not specifically mentioned
in the Mational Curriculum except by way ol an example? Should they know
the term ‘allele’ or is the concept of a gene existing in more than one form
sullicient 7 (Note that “allele” 1s specifically used in one of the Statements of
Altainment atl level 8 of the National Curriculum). These are guestions
which teachers must address on a regular basis in preparing teaching. We
would argue that there are many aspects of genetics which are implicitly

11
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included in the various elements of the MNattonal Curmoulum and some ol
these have justifiably formed the basis of our research insiruments.

It is worth emphasising that the legal requirement is for schools to cover the
Programme of Study. The Statements of Attainment set oul al their vanous
levels are not expected to be reached by all students by the time at which they
leave schoaol - indeed only exceptional students will reach Level 10 at which
thev should, for example, understand how DNA replicates, or understand the
basic principles of genetic engineering.  But the Programme of Study does
make clear that students “should ... study how DNA is able to replicate itself
" and “should have the opperfunity to consider the hasic principles of
genetic engineering, ..".  Thus there is a legal requirement that these
elements be taught to all smdents by teachers in schools, but an
understanding will not necessarily be grasped by all those students.

There are also obvious but important aspects ol genelics which are excluded
from the Mational Curriculum itsclf and, it could be argued, are nol even
implied within this framework, Polygenie or multilactorial inhenitance is one
such example - though human eye colour is specified as an example. This is
not the place to comment on the appropriateness ol a science course at this
level which excludes such a central concept. But its absence did shape our
research and we have therefore not attempted to inelude any investigation of
students’ understanding of this concept.

The National Curriculum for Science was an important influence on our
rescarch design, but 11 was nol our only souree in determining the geneics
concepts which we sought fo mmvestigate,  We wene also interesied 1n
students’ knowledpe and understanding of a range of genetic lechnologies
many o which are not specified in the MNational Carriculum.  Thus, for
example, there 15 no reference W pre-natal genetic screemng in the National
Curriculum, Yet this 1s a ceniral application of genetics that 15 hkely o have
an impact on many, perhaps most, students who are cumently stll in school.
W therefore sel out (o explore students understanding of the 1ssues nvolved
in making decisions related to pre-natal screening. This aspect of our work is
described in detail in Leach ef af {1996). Furthermore in exploring students’
opinions on particular technologics it was Important for us to consider what
aspects of genetics they might need to know in order to form reasoned
opinions.  All these dimensions were therefore considered in determining
whal concepiual and ssues-based aspects 10 invesngale.

In 1995 a revized wversion of Science in the Mational Curriculum was
published. This was to be taught to Koy Stage 1. 2 and 3 students from 1
August 1993, Those students in Key Stage 4 will [ollow the revised version
from 1 August 1996 (Year 10} and from 1 August 1997 (year 11). We
believe that our research will have implications both for the curriculum itself
and tor the way in which teachers might approach teaching genetics. Those
sections of the 1993 version of Science in the National Curriculum relevant
0o zenetics are therefore shown in Appendix 2.

12
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(Questions also arise about the interpretation of this reguirement. For
example it is difficult to see how students following a Single Science course
could be taught “the basic principles of_....genetic engineering” without this
being built on some understanding “that the gene is a section of DNA™. Yet
this latter concept is only required to he taught to Double Sclence students.
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4 Research questions

Four principal research questions arose from the consideration of the place of
genetics in the public understanding of science and from the agenda set by
the National Curriculum for Science, These determined the direction of this
srudy.

1. What knowledge and understanding of genetics do young people have at
the end of their vears of compulsory schooling 7

-2

What knowledge and understanding of new genetic technologies do these
same young people have?

[

What issues to they perceive as being raised by the application of new
genetic technolagies in particular contexts?

4, What opinions and attitudes do these young people form concerning the
application of these technologies?

It was also planned that the work would address a number of other questions.

o [5 there any relationship between the level of understanding of basic
genetics that students have and the extent to which they percetve new genelic
technologies as raising ethical and social issues 7

# [3 there any relationship between the level of understanding of basic
genetics that students have and the opinlons that they have formed in relation
1o these technologies!

» Towhat extent do the knowledge and opiniens decumented through pencil

and paper questions hold constant when the same students are questiioned
through a group interview 7

13
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Design and Methodology

A5 has been supgested In earlier Sections (2 and 4), this work has both
conceptual and issues-based dimensions.

Concepinad areas for invesfisaiion

In terms of research design our examination of the National Curriculum for
Science together with our perception of the other dimensions discussed
briefly in the final paragraph of Scction 3 led us to the construction ol a
content list which 1t seemed appropriate 1o use as a basis for investigation in
this study, This comprised those aspects of genetics specified in the National
Curriculum for Science as well as the background knowledge that people
might need il they are (w understand the issues arising from DNA technology.
This content list 15 cutlined below,

A) BASIC GENETICS

|. Language (knowledge of terminology):
a)  terms related to hasic genetics:
h)  range of organisms.

2. Location (relationship between structures);
al  location of genes within organisms;
By location of genes within cells;
¢} relationship between structures, from gene to whole organism;
d)  site of mitosis (somatic cells):
¢l site of melosis (germ cells).

3. Function of genes (expression/replication):
a)  penes code for proteins,
k)  genetic information must be copied to pass on to new cells during
cell division.

4. Mechanism of gene action {switches/codes/variation):

a)  asingle gene may exist in different forms (alleles) which may
produce different phenotypes resulting in variation;

by pene expression depends on environment (nternal and external) (o
“Ingger swilches;

¢l the “genetic code’ is universal - the same in all organismas;

d)  mitolic eell division (somatic cells, for growth) results in new cells
containing identical numbers of chromaosomes and exactly the same
genetic information;

el meiotic cell division (germ cells, [or reproduction) results in new
cells containing halt the chromosome number and dilTerent genetic
information (increases variation);

1 fertilisation gives continuity, {genetic information passes from
parents to child), and variation (mixing of alleles).
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P

B)

b2

Similarities/DhTerences Between Cells:

i}  within one organism

a)  different tvpes ol somatic cells all contain the same information

b) different cell structure/function (somatic cells) achieved by
differential activation of genes (netion of gene “switches');

¢} germ cells contain diflerent genetic inlormation even though they are
the same type of cell.

ii) bhetween organisms within a species

a) production of germ cells results in variation; random combination of
zerm cells at fertilisation leads to even preater vanation ; result i3
that cells from different organisms always contain different genetic
information {exception of monozygotic twins arising from the same
fertilised epp):

by alleles are the source of vanalion

€1 seleclive pressures will alter the frequency of different variations
within the gene pool (1.e. alter the frequency of dilterent alleles).

iii) between different species

a)  all organisms contain genelic information (prokaryotic/enkarvotic,
plant/animal);

by the genetic information is always coded in the form of nueleic acids;

¢l the code is understood or ‘read’ (translated) in the same way in all
OrZanisms;

d)  penetic information is copied and passed on during cell division in
all arganisms.

DNA TECHNOLOGY

Technigues:

a)  terms wsed o describe techmgues;
by understanding ol the lerms.

Applications
a)  real or polential,

Our original aim was to design probes that covered these areas, but not
necessarily in the languags used here or (o the depth sugpested, In the event
the experience of trialling the probes led us to restrict somewhat the areas
covered to those that were most central to our work and to those to which the
students could respond in a meaningful way. Details of the content covered
b the probes is given in other Working Papers in this scrics.

Methodology for investigating conceptual areas

Driver and Erickson (1983) have contrasted phenomenologicalfy-framed
approaches to documenting students™ understanding, such as those described
in Section 2.3, with that which they call a concepruaffv-framed approach

15
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where students are asked to give explanations for scientific terms presenied
to them. The work reported here concerned with students knowledge and
understanding of genetics, and of genetic weehnoelogies, combined both these
approaches in that we were frequently setting the scene in ways reminiscent
of a phenomenologicallyv-framed approach, but also exploring students’
meanings of terms - such as “gene’, ‘allele’, *genetic information’, etc. in
ways more associated with a conceptually-framed  approach.  Both
approaches are conceptual in that they atiempt to explore  students’
conceptual understanding of genetics. And both approaches were considered
important in extending our knowledgze of voung people’s understanding of
basic genehics and in breademing our knewledge to include their familiarity
with and their understanding of the new technologies.

Kuowledoe and understanding of penetics

Students” knowledge and understanding of genetics was investigated using
hoth paper and pencil probes and a discussion task. Written responses were
uscd for much of the data collection in this arca. This has the advantape of
maximising the sample size as such paper and pencil instruments can be
administered to a whole class of students at one time. A serics of 7 written
probes were used to pather data on the students’ knowledpe and
understanding. A consideration of one of these written probes - Clells - will
illustrate our approach both to probe design and to coding the students’
TESPONSES.

The "Cells” probe

The Celly probe 1s shown in full in Appendix 3. The first part of the probe
was designed to investigate students’ understanding of the nature and role of
genetic information in four different pairs of cclls from the same individual:
two somatic cells of the same type (cheek epithelial cells)

b somatic cells of different tvpes (a check cell and a nerve cell)

a somatic cell {check cell) and a perm cell (a sperm), and

two germ cells (sperms).

]

Thus the probe was designed to explore whether students were aware that the
genelic information in all the somatic cells of the same individual is the same
- but 15 used in different ways by different cells. It was also designed 1o
assess their understanding ol the essential differences between the genetic
mformation in somatic and germ cells and the wvariation in gensiic
information in different germ cells resulling from the way in which
apermatogenesis and oogenesis akes place.

The second part of the probe considered students” understanding of the nature
and role of genetic information in two similar somatic cells (cheek cells)
Irom two dillerent individuals of the same gender. This was designed to
explore the students’ understanding of the variability of genetic information
trom one individual to another.

19
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Coding the "Cells” probe

As we have already outlined, we were particularly interested in the reasons
that underpinned students” knowledge and understanding of genetics. Many
of the probes called for open responses from students on 8 range ol
conceptual matters. In considering their knowledge and understanding ol
penetics our principal focus was to characterise their responscs inoan
ideographic way and to compare such characterisations to the normative
model of science. Thus the students ideas themselves were the basis for our
characterisation and coding rather than any pre-detcrmined categorics
devised by ourselves,  We were concermned with whal explanations the
students ollered [or particular events and with how they conceptualised the
priovesses by which, [or exampls, genetic information 15 passed from cell 1o
cell as they divide and how genetic information is transmitted from one
generation 1o the next. For such an approach a more elaborate method of
coding and analvsrs was required.  This leads w an important consequence
which 18 central 1o our work, The coding schemes are themselves derivad
from the stwdents responses.  They are therelore not merely a research ool
which is necessary for analysis. They are an important end-product of the
research itself.  They also enable us o make statements about the
representation of particular ideas at the population level.

Each section of the Cells probe began wilh a question calling lor a hixed
response indicating whether the genetic inlormation in two cells was the
same or different.  This could obviously lead to one of three options (the
same/different/don’t know) with the further possihility of no response at all,
Coding and analvsis of these questions was therefore unproblematic. In some
mslances sludents leked the “den™t know’ box, but then went on to
demensirate clear reasoning in completing the open-ended part of the section.
In such cases the responses to the open-ended question were considered along
with all similar responses and independently of the fixed response questions,

The first two sections considered comparisons between somalic cells
(check/check and cheelnerve) and, from a coding point of view, were
considerad together, This enabled us 1o establish whether individual students
appreciated the identical nature ol the genetic information in the somatic cells
of an organism and gave them the opportunity o explain how the same
genetic information could be ‘used” in different ways by diflerent cells.
Three ditferent reasoned explanations were piven here.

All cells contain the same information

Some stucdents suggested that all ¢ells contain the same genetic information.
O these some made relerence to cell division while of these only a few went
on to explain ditferential gene cxpression in cells of different tvpes.  This
thus led to three sub-codes within this coding category.
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All cells of the same type contaln the same Information

Such students stated that the twao cheek cells contained the same information,
but that the nerve cell would contain different information from the cheek
cell.

All cells contain different information

A wvariety of explanations were given under this heading all suggesting that
every individual cell is supplied with dillerent information from all other
cells.

In addition to these reasonced explanations - albeit some ol them incormect -
other students gave responses which appeared confused and sometimes
contradictory when their answers 10 Part la (two cheek cells) and Part 1b
{cheek cell and nerve cell) were compared. A farther group of students’
responses combined various elements of reasoned and unreasoned lines of
thinking.

When it came to Part 1c and the students were asked to compare the genetic
inlormation between a cheek cell and a sperm cell from the same individual,
four categories of reasoned explanation were identificed.

A sperm contalns different information from a cheek cell

A variety of explanations were put forward here suggesting in fairly general
lerms that the information would be different in the two cells,

A sperm contalns less information than a cheek cell

Some of these went on to explain - perhaps in a fairly gencral way - the
reduction in genetic information that lakes place a1l meiosis during the
formation of sperms - withoul necessanly any reference o meiosis as such,

A sperm conlfeiny more information Phan a cheek cell

Some responses in the category maintained that a sperm must conlain
information on all types of cell whereas a cheek cell would only have “cheek
ccl]l information™,

A sperm CORIGIRY (he same IRFormaiion gz @ cheek cell

Students in this category were frequently of the belief that all cells contain
the same information and that sperms are ne exceplion,

Unce again there were other students who used conflicting or confused
reasoning in response to this guestion, while a further group combined
various clements of the coding categories.

Similar appreaches were used for the coding of the other two sections of this
probe calling for comparisons between two sperm cells (Part 1d) and cheek
cells from two different male individuals (Part 2).

Response to this probe were also coded in two other ways. ‘The first
considered conflict in a student’s responses to all four sections of Part 1
tgether (cheekscheek; cheek/nerve; cheekisparm; and sperm/sperm). The
second considered whether students appeared to be aware of a potential
conflict in their responses and how they addressed this.
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The detailed coding scheme for this probe in its entirety can be found in
Lewis ef al (1996h).

The " Understanding of Genetics Discussion Task”

The trialling of the Celly probe and other related wrilten probes suggested
that many students held inconsistent and confused ideas about the nature of
genetic information in different cells. The Undersianding of Genelics
Discussion Task was therefore designed to explore firther the ideas inherent
in the Cells probe, Discussion with small groups of students allowed us to
probe students” understanding of some of the ideas and issues raised by them
in responses to the written probes.  The Undersianding af Gernetics
Discussion Task concentrated on aspects of the nature of the genetic
information in cells and on the transfer of this information from cell to cell
and from organism te organism. For this task groups ol [our students were
each presented by a researcher with a picture of 2 check cell from a
hvpothetical animal. In that cell were drawn three pairs of chromosomes and
the students were told that the chromosomes behaved in exactly the same
way a5 (hey did in human beings - there were simply fewer chromasomes in
this animal. The three pairs of chromosomes were different in size and one
member of each pair was coloured red, while the other member of each pair
was coloured blue.  After being asked to explain the relationship between
chromosomes, genes and genetic information, they were then each presented
with a drawing of a nerve cell from the same animal and asked to draw in it
the chromosomes that they thought it would contain.  Each student was
provided with a set of coloured pens. Through a series of semi-structured
questions, each student was asked individually to explain their responses.
They were also asked about the relationship between the genes and genetic
information present in this nerve cell in comparison with that in the cheek
cell. The researcher then went on to present them with drawings of a sperm
cell, an egg cell, a fertilised epg. a two-celled embryo and a cheek cell from
the fully formed embrvo of the same species of animal. In each case they
were asked individually to draw the chromosomes in the cell and then,
through a semi-structured interview schedule, to explain the relationship
belween the genes and penetic information present in the cell in question in
comparison with the other cells they had considered. Each discussion was
audio-taped and later transcribed for coding and analysis.

In this way the researcher leading the discussion was able to probe the
underlving reasons for the particular choice made by an individual student
and to identify and explore further any inconsistencies in their understanding.

The approach 1o coding the data from the Understonding of Genetics
Discuysion Task was essentially similar to that used for the written Cells
probe, but the data from the discussion task was both fuller and richer, [t also
demonstrated how students faced up to inconsistencies in their reasoning
when these were made explicit. Defending their viewpoint in response to
guestions raised by other students in the group was also found to be a
powerful additional stimulus to individual students” explanations.  Fuller
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details of this discussion task and the approach to coding the responses is
dizcussed in Wood-Robinzon er al (1994).

Krowledge and understanding of DNA technology

Pencil and paper probes were also used to investigate students knowledge
and understanding in this area. One written probe - The New Genetics - histed
a number of aspects of DNA technology and asked students to indicate which
of" them they had heard of The probe then went on to ask for fuller
explanations for genetic engineering, cloning and DNA testing and also lor
‘the genetic code’. The Mew Gemetics probe 1s shown in Appendix 4 and 15
dizcussed in detail in Lewis ef af (1994). Two other written items - from a
group collectively described as Stop Press probes - sought o investigate
students knowledge of current or potential developments in DNA echnology.
Each of these probes began with an account - in tabloid newspaper lormal -
of “a noew development™ in genetic lechnolopy and asked the students w say
whether they thought the report was true or not and to give their reasons.
These probes alzo souzht to explore their opinions and attitudes o such
developments. An example of a Stop Press probe - Milk - the new wonder
driig 1s given in Appendix 5. Our approach to coding responses in this arca
can be illustrated by a consideration of The New Generics probe.

Coding "' The New Genelics” probe

Coding the first part of this probe, which called for a fixed response
indication of whether students said that they had heard of a range of DNA
technologies, was straightforward. Frequency counts could be made for each
technology and then calculated in percentage terms.

For cach of the three technologies explored in more detail - genetic
engineering, cloning and [N A testing - students were asked to indicate what
thev thought this technology involved, o give an example of ils application
and o stale their source(s) of information,  The scotion on genctic
engineering can be taken as an example. An open response was called for in
answer to the guestion “I think that genetic engineering is ...".  Students
responses fell into three categories reflecting whether they chose to answer
mn terms of the mechanism invelved in the technology, its purpose or their
attitude towards 11, Those responding in terms of mechanism could be further
subdivided according to their level of understanding of the technology. Those
responding in terms of purpose almost invariably referred to designing
organisms to order. Some of those expressing their attitudes towards the
technology were clearly against the technology while others were in [avour,
A third group listed points in favour and also points against. A wide range of
responses was obtained in answer to the question calling for students™ sourves
of information. These were grouped into three categories - school, media,
and others. The media category included those that were very specific about
particular television programmes or magazine articles and those that much
mare generally referred to television or the printed press.
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The other sections of this probe were analyvsed in a similar way and full
details of the coding and analysis is given in Lewis ef @l (1996a).

Issues-hased and attinudinal arcas for investigation

In contrast 1o this concepmally-hased work, we were also concerned with
obtaining students’ perceptions of the issues that they saw as arising from the
application of new genetic technologies, the opinions they held on these
technologies and their attitudes to them. Though we have scparated the
identification of issues as a free-standing rescarch question from the
formation of opinions and attitudes, we are well aware that such a separation
is larpely artificial. The two are inextricably entwined as the following
example illustrates.

We have already made reference in Section 2.2 o genelic screemng lor
Huntington disease. This 15 the subject of one of the probes used n this
research which will be explored in more detail in Section 5.32. A complex of
izsues that arises from such screcning relates fo the rizght of aceess 1o
information. Among our students there was frequently a naive assumpiion
that all those who had access to the results of screeming would assist an
affected individual. Thus they might express the opinion that employers had
the right to know the results so that they could provide support. They might
completely ignore the possibility that they might not employ an affected
individual in the first place. Hence opinions were frequently expressed
without a full understanding of the issues. In reality the opinions on and
attitudes towards particular technologies are entirely dependent on the
particular issues that are considered in the formation of those opinions and
attitudes,

As wie have suggested, the precise context in which the new technolopies
were apphied were seen as likely to influence the opinions cxpressed by the
young people. For example, manipulating microbial DNA might be viewed
m a very different way from altering the genome of an animal or more
especially the genome ol a human being.  Similarly the type of technigue
emploved might be important in leading to the formation of an opinion. Thus
the use of recombinant DNA technology, genetic screening and gene therapy
cach raise a different sct of issues. Indeed in each case the issues raised will
differ with the precise context. Finally the rationale for the application may
also raise somewhat different sets of 1ssues. For example the development of
a particular technique for what is seen to be commercial gain might be
vigwed in a rather different light from one developed for medical purposes.

A matrix was therefore constructed (see Table 1) as a basis for the generation
of the test instruments. This matrix was used 1o ensure that the test
instruments were seeking to answer all four major research gquestions across a
wide range of contexts.
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Tahle 1 - The Matrix Against Which The Issues-Based And Attitudinal
Probes Were Set.

Tyvpes of issue which might arise
(see below for key)

Contexts through which alb|lc|dje|flg|h]i]|]jk]]
issues arise '

' I']l type of organism

a- microbes

b- plants

c- animals {non human)
- human

2) type of technigue
a- recombinant DNA
technology
(1) transgenic animals
b- DN A fingerprinting
c- genetic screening
(1} embryvo
{1i) individual
d- gene therapy
(1)} somatic
(i1} germ linc
- DN A sequencing
i Human Genome Project)
f- cloning

3) tvpe ufnppl'imﬁnn
a- commercial l
(1} industry '
(i) agriculfure
(111) business
h- medicine
¢- environmental
d- social
&- research

types of issue :-

a) effect on gene pool b} effect on environment

¢) freedom of choice {personal righes)  d) confidentiality

) nterfering with nature [} playing God

£) economic implications by animal rights

1) status/power (linked with ¢} i) evwnership

k) control Iy the role of science/scientisis

=2
by
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The identification of issues arising feom new genelic techrologies

Chur concerns in exploring this area were to determine what issues arising
from contexts related to new genelic lechnologies students identity as being
of concern to them; how they evaluate these issues and how they then form
opinions and adopt attitudes towards the applications of the technologies.
We were not concerned with the identification ol altiludes which we might
judge to be good or bad. But we were concerned to examing the wavs in
which students justified, or were unable 1o justily, their opinions.

As we have already stated in Sections 2 and 5.3, the social and cthical 1ssues
that arise from new genetic technologics are dependent upen the parlicular
context in which the technolegy is being applied.  In order to explore the
izssucs that students perceived as being imporiant we therefore created a
number of conmtexts - some genuine and some Lctiious - which were
presented to the students in order to serve as a basis for investigating their
views. As will be seen later, three approaches - pencil and paper probes
answered  individually without discussion. paper probes answercd
individually after paired discussion, and audio taped discussion task.

In one of the Stap Press probes already mentioned - concerned with the
lictitiows creation ol ‘Designer Babies™ to specifications chosen by its parents
- stuwlents were also asked individually o identify the issues raised by this
technalogy that struck them as worrying and those that they thought were
good. Similar questions were asked in relation to the recreation of the extinet
American Passenger Migeon, IINA testing, the insertion of a scorpion venom
gene into viruses as a way of controlling caterpillars on cabbages, and the
treatment of cystic fibrosis by gene therapy, A further probe, which will be
considerad in detail below, also sought to explore issues perceived by
students as being raised by genetic testing for Huntington discase. For these
last Live probes the students discussed the issues raised by the technologies
with a neighbouring student before committing their views to paper
individually., The final way in which the identification of 1ssues was
investigaled was Lhrough fwe group discussion tasks. One of these - the
Crenetic Engineering Discussion Task - considered a range of applications of
recombinant [INA technology, while the other - the Prenatal Screening
Discussion Task is considered in detail by Leach et of (1996), and will not be
discussed further here.

The expression of opinions and aftitudes to applications of new genetic
technalogies

Central to this research was the principle that the investigation of issucs and
attitudes 15 only valid if the context is explicit, and that the opinions formed
will be greatly dependent on the context, Thus questions which ask students
fior the extent of their supporl or opposition to statements such as “Changing
the genetic make-up ol farm animals should be banned by law™ or “Inserting
genes from human cells mto the fertilised eggs of sheep 15 acceptable to me™
{see Lock and Miles, 1993, page 269) arc likely to lcad to different responses
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in dillerent contexts.  Thus the creation of transgenic sheep lor the
produetion of human insulin in order to treat diabetes may be viewed very
differently from the creation of genetically modified cattle whose meat has a
better flavour or a longer shelf-life. The technological principles employed
and the tvpes of organisms used are similar, bt the contexts are very
different. In a similar way the patenting of a gene for a blue pigment in roses
tor commercial profit may be seen as unproblematic.  But the patenting of a
gene for human growth hormone by a company seeking to market a drug to
improve the height of potential basket-ball plavers, might lead to the
technology itsell” and its subsequent palenting being viewed in a quile
different way. Views might be even more antagonistic if such patenting was
seen to restrict the treatment of pituitary dwarfism and henee preventing the
reduction of human suffering.

IT it 15 accepted that people’s opinions on, and attitudes 1o, issues raised by
new genetic technologies are context-dependent, there are two important
conscquences arising from this model.  Firstly, it would be unwise to
generalise [rom the results obtained from guestions framed o speeific
contexls.  Secondly, greal care must be toking in clarifving the particular
context in which a question is embedded. The development of one of the
written probes used in this study will serve as an example 10 illusirale these
points.

sSome of the issues arising from genetic screening for Huntington disease
have already been mentioned briefly in Sections 2.2 and 3.3, Huntington
disease 15 an inherited autosomal dominant condition.  That is to sav it
becomes manilest 16 the appropriate allele 1s inherited from one parent only,
1.2, Hunfington disease sufferers are normally heterozyvgous for that allele and
the condibion 1s not sex-hinked. Individuals who inherit the allele from baoth
parents, i.e. are homozvgous for the allele, are known, but are
indistinguishable phenotypically from heterozyvgotes. Sufferers normally do
nol hegin to be aftected until they are around the age of 40. Undl that age
there is little or no consequence for the sufferer and ne evidence of the
potential development of the condition. With the onset of the disease, there
15 progressive deterioration ol bodily control which eventually leads 1o
premature death.  Individuals can now be screencd for the presence or
abscnce of the causative allele. The availability of such screening raises
many questions which may or may notl be apparent at first sight. Should all
individuals be screened as a matter of policy 7 If not. who should be selected
for screening” Who should make the decision on whether or not an individual
should be sereened 7 Who has the right to the information gained from the
screening 7 Should allected mndividuals be prevented trom having children ?
Iherz is an extra dimension of uncertainty here as such individuals are
heterozvgous for the condilion and therefore have a 30%4 chance of passing
on an unaffected allele 1o an offspring.  All of these guestions are raised in
one of the written probes - The Telephone Tale
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However, most young people at the end of their 11 vears of compulsory
schooling know nothing of Huntington disease, the likelihood of it being
inherited from an affected parent, the possibility of treatment being available,
or the impact of the condition on those who sufferer from it.  Hence they
wonld be unable to give sensible responses to these questions, They must be
provided with appropriate information in order to come 1o a reasonad
opinion.  In the case of The Telephone Tale, this information was providad
through an audio-taped discussion which was plaved to the students. A
transcript of the conversation was also provided for the students™ reference.
Students were then asked to discuss their views with a neighbouring student
and to record their individual opinlons in response to a number of questions
related to the various issues outlined above. ‘The transcript provided for the
students, along with the questions which they were asked to consider, is
given in Appendix 6.

This example will also serve to illustrate the strategy of using paired
discussion belween students fo elicit opinions and attitudes from students,
expressed individually, The rationale for this approach was the recogmition
that an opportunily 1o lalk threugh a guestion may assist students in being
more explicit about ther opmions.  Aller the playing of the audio-taped
recording the students were asked to discuss in pairs the issues raised by the
subscguent guestions and to share their opinions on cach question with their
parters. Onlv after this discussion were they each asked o address each
question on an individual basis. The same procedure was adopted for 4 other
wrillegn probes which soughl lo decument the students opiniens on a range of
new genetic technologies (DNA lingerprinting, gene therapy, and two probes
concerned with recombinant DNA technology one of which maised questions
about patenting) as well as a further probe concerned with the control of
genetic research, the release of genetically modified organisms into the
environment, and the extent to which individuals might want to know the
details about their own genome.

Ceonlingr the " Telephone Tale ™ probe
As can be scen from the probe itself (see Appendix 6), there are six questions
raiscd.

1. Should Jane be tested for Huntington disease ?

2. Who should decide on whether or not Jane has the test ¥

3. Who should have access wo the results ?

4. If tested positive, should Jane have children ?

5. If tested positive, should Jane be prevented from having children 7

6. What additional information would have helped in responding to this

prohe ?

Taking the question on which the first section focuses “12o vou think that
Jane should have the test 7° the aim here was not only to seek an opinion, but
also to investigate the factors which the students considered to be Important
in coming to hold that opinion.  Thus this probe also sought to identify the
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issues perecived as being important by the student. The st part of the prohe
called for a fixed response (yes/no} and clearly gave no problems of coding
or analysis. Some of the underlying factors which students gave as the
reasons for their opinion were embedded in the text of the audio-taped
conversation itself, such as whether Jane might prefer not to know, while
others were raised by students in addition to those raised by the text, such as
Jane’s ahility to plan for the foture. A further 1350 also arises here. Should
individuals be confronted with the option of having a test or not, when there
is no foresecable treatment or curc for the discase 7

Alongside considering the reasons underlving smudents” opinions, another
factor was evident in their responses. Some students assumed a positive
result - i, that Jane would develop Huntinglon disease. Others assumed a
nepative result while a thord group made no obvious assumption, but
appeared to consider both possible outeomes.

Those who gave a “ves’ response {l.e. that Jane should have the test) gave
reasons which conld be grouped under a number of headings:-

e Reavons related to “the reed to krow " and avoiding uncertainty
o Reavons related to planning and management

e Heasons related to emotional preparation

¢ Reasons related (o children

® Reavons related Yo o consideration for a future hushand

e Cther reasons

Each ol these reasons could be further sub-divided, Nowe that hese
categories are nol mulually exclusive and that some students mentionad a
number of the reasons hsted above, In such cases they were coded into all of
the calegones they mentioned.

We have considered here only the coding for the runge of explanations which
followed a “ves™ response to the first question "o you think that Jane should
have the test " A similar approach was used for those responding “no™ and
for the other five questions in this probe. These coding categories will be
publizhed at a later date.

Opinions and attitudes held were also investigated using four written
questions - a series of twelve Aftitude Statements and parts of the thres Stop
Press probes already referred to and to which students responded on an
individual basis. Cur research raises questions about the use of Lickert-type
scales for investigating students’ opinions on particular issues which are so0
context-dependent. They have the superficial advantage of easy analysis, but
they give no indication of the reasons underpinning the student’s view or of
the factors taken into account in forming an opinion.  However, we did
include a scrics of twelve such statements in our rescarch.  Students were
asked to respond to each statement indicating their view on a scale from
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“strongly agree’ to “strongly disagree’. The statements were paired with one
indicating approximately the opposite view to another placed somewhere ¢lse
in the list. This enabled us to check on the consistency of the students’
responses.  As we show  elsewhere  students” responses to particular
statements of opimon are [reguently inconsistent and contradictory.

Both the Atfirude Statemenis themselves and a discussion of the findings
resulling from them will be found in Leach ef of (1996). Suffice it to state
here that a significant number of students agreed or strongly agreed with both
members of a pair of staterments expressing opposite viewpoints.

One of the three Stop Press probes "Mk - the rew wonder drug’ 13 shown in
Appendix 5. This was designed not only to explore students knowledge of
the possibilities in the field of genetic technology burt also to investigate their
opinions on recombinant DNA technology in a number of contexts.

A third strategy was used to try and identify the underlving issues and
concerns that students’ percelved as arising from new genetic technologies
and also to explore their opinions and attitudes to the technologies, This was
small-group Discussion Tasks led by a researcher. Two such tasks were
used, The first - the Presaial Screening iscussion Task - addressed issues
concerned with prenatal genetic screening lor Cystic Fibrosis, while the
second - the Creneiic Kngineering Discussion Tash - focused on recombinant
DMA technology in a number of contexts. Both were designed with four
phases involved in the task.

1. Providing the students with relevant conceptual information through
specially constructed video-recordings,  These were designed o ensure
that the students grasped the genetics and other information necessary for
them to understand the social and ethical issues and hence enable them to
come to reasoned opinions and attitudes.

b

Ensuring that the members of the proup had grasped the basic concepts
involved. This was done by providing the students - working In groups
of four - with a series of guestions writlen on cards, each of which they
wiere asked to address and discuss. A researcher then checked that the
necessary  information had been understood and where  necessary
explained it further.

3. Raising some issues arising from the technology by means of an audio-
recording played to the students.

4. Ddscussing the issues raised by the audio-recording and enabling the
studdents o highlight others which the technology in question raised
leading 1o the students forming opinions on and attifudes towards these
issues. During this phase the researcher explored their opinions and
attitudes further.
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The second and final phases of the tasks were audie-recorded and
transcribed and 1t was these transenipls - supporled where necessary by
the recordings themselves - which served as the basis for the coding
procedures. The coding of these Discussion Tavks will not be considered
here except 1o state that the approach was ideographic and iterative -
ideographic in that it was derived [rom the students’ ideas, iterative in
that approach kased on smdents’ ideas necessitates returning Lo the dala
several times to ensure that all coding catcgories are included and all
responses are coded.  The Prenatal Screening Discussion Task s
discussed in detail by Leach et af (1996,

Summary of approach ta data gathering
Three different approaches were thus cmploved to gather dala Irom students,

paper and pencil probes calling [or writlen responses from  students
individually;

paper and pencil probes calling for written responses from students
individually, but following discussion with another student;

discussion lasks pul 1o students in small groups by a researcher who
encouraged  discussion among the members of the group and aodio-

recarded their responses.

Tahle 2 shows how the three data-gathering approaches were used to address
the four major research questions.

Table 2: Approaches To Data Collection For Each Research Area Being

Investigated.

Paper and pencil Pencil and paper
Arcas of probes completed probes completed IYiscussinn
research individually - nw individually following tusks

discussion paired discussion

Koowledpe and
understanding 7 probes 1 task
of genetics
Knowledge and | probe
understanding + -
of DNA Partz of 2 other probes
technology
Identificatinn
of issues Parls of 3 probes & probes 2 lasks
Formation of | Parts of 3 prohes
opinicns and I & probes 2 tasks
allitudes L2 artitude statements
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6. Administration of the test instruments

The seventeen written probes and the attitude statements were assembled into
two packs as shown in Table 3, for scparate admimistration.

Table 3: The arrangement of written probes between two packs

Pack 1 Pack 2
Arca of rescarch Pencil and paper probes | Pencil and paper probes
completed individually | completed individually
wilh no discussion | wilh paired discussion
Knowledge &
understanding 7 probes -
of genetics
Knowledge & | probe +
understandinz parts of 2 other probes -
of DNA technology
ldentification of issucs Parts of 3 probes Purls of 6 probes
Formation of apinions Parts of 6 probes
and attitudes Parts of 3 probes b 12 attitude statements
completed individually
Tuotal number of 11 probes & probes
probes in the Pack + 12 attitude statcments

There were three reasons lor this separation into two packs of probes,
Firstly, experience with piloting sugpested that the perceptions of issues,
opimions and attitudes dimensions of the work necessitated the provision of
factual information in order o contextualised a probe. We were thercforc
anxious to separate such probes from ones calling for factual information.
Secondly the time taken for students 1o complete all the probes was too great
for them o be administered as a single pack of questions.  Thirdly, the
knowledge-based probes were to be answered by students individually,
whereas for the issues/opinions/attitudes probes we wanted 1o enable paired
discussion between students. Pack 1 was administered to whole classes of
students {for details of the sample see Section 7 below) who were asked to
respond to the probes on an individual basis. Pack 1 was assembled in three
versions in which the orders of the knowledge and understanding probes - but
not the probes themselves - were different. A third of each class was given
each version of the pack. This served two purposes. Firstly 1t ensured that
the same prohes were not always at the end of the pack and hence attempted
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by students who were tired - or perhaps not attempted at all in cases where
students did not complete the pack. Secondly, in classrooms that were
occasionally erowded, it minimised the chance of students overlooking the
responses af their neighbours 1o the probes they were attempting as each
neighbour would be working en a different pack and thus almost certainly a
different probe at any given time. The three Stop Fress probes were always
placed at the end of Pack 1 after the knowledge and understanding probes.

Pack 2 was also admimstered to whole classes of students, But as has been
cxplained the students discussed cach probe with a neighbouring stmdent
hefore committing their response to paper. Once again this pack ol probes
was in three versions which contained dentical probes but with the middle
section assembled in three different orders. The Telephone Tale, reguiring
the playing of an audio-tape to the whale class was always placed first. The
fn Creneral probe that explored opinions and attitudes o IINA technology in
a maore general way possibly raised by the earlier probes was always placed
atter the earlier five probes. The twelve Aititude Siatements were placed at
the end of Pack 2 and were completed by the whole class of students, starting
at the same time and without discussion with a neighbour,
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The sﬂmple

During the development of the test instruments, all the written probes and the
discussion lasks were piloted and irialled in a number of schools, and one
past-16 college, on an opportunistic basis. Though no syslematic allempl
was made to obtain a representative sample of students for this
developmental work, students with a range of abiliies were used.

The sample of students used for the final data collection for this research was
drawn from twelve comprehensive schools in the West Yorkshire region of
England. They covered a range of rural, urban and suburban catchment areas
and the full ability range within cach school, Most of the students (84%)
were in their Onal year of compulsory schooling (aged 15-16).  The
remainder (16%) were in their penullimate vear {(aged 14-15). Aside from a
smaller second set of schools used in the trialling of the research instruments,
a total of 743 students were involved and together produced 1098 sels of
responses to written and discussion tasks, A number of students were asked
to respond to more than one of the test instruments as 15 indicated in Table 4
below.

All the schools which supphed our sample taught science in classes which
wiere grouped by ability and it was these groups which were used lor data
collection. Wiewed as a whole, the students involved covered the full range
ol ability normally experienced in maintained secondary schools in West and
MNorth Yorkshire, Inlformation en the coverage of genelics in the curniculum
was collected from |1 of the 12 schools involved in providing students for
the research.

54%; of the sample came from schools which stated that they had been taught
all the basic genehics components of the National Curmiculum, with a further
11% having been tanght some genetics.  39% of the sample were from
schools which stated that they had been taught about genetic engineering.
Deetails of the sample for each probe are given along with the findings of that
probe {see Lewis ef al, 19962 and 1996h; Leach et o, 1996, Wood-Robinson
et al, 1996)



Wenking paper | Roalfonale, desipn and methodalopy

Tahle 4: The sampling matrix

Test Tnstrument

Number of students responding

Written Pack 1 only 127
Written Pack 2 only 261
Written Pack 1 ]
+ 183
Written Pack 2
Prenatal Sereening DNscussion Task
+ 73
Written Pack 1
Genefic Engineering Discussion Task
+ 6
Written Pack 1
Knowledge and Understanding of
Genetics Discussion Task s
+
Written Mack 1
Total for Written Paclk 1 482
Total for Written I"ack 2 4-4
Total number of responses 10458
Total number of students involved 743

Kep:

Written Pack | = Written prohes investigating knowledge and understanding
af penctics and new rechrologies and the idertification of issues arizing from
and apirians on the technologies answered by students individually.

Written Pack 2 =Writien probes invesiigaiing ldeniification of issues arising
from and opirions on the new fechnologies answered individually afier

paired discussion.

3t
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Writtern Pack 2 =Written probes investigating identification of issues arising
from avd opinions on the rew techrologies arswered individually affer
paived discussion,

Overview of the project

This survey deocuments sccondary school students’ knowledge  and
understanding of genetics and of DNA technology, the issues they perceive to
be invalved in applications of the new technologies and their opinions related
to selected applications. A range of methods of data collection were used and
have heen described above, Our approach to coding students’ responses has
been to base our categones on the range of responses given by the students
themselves but not to adopt mutually exclusive methads, Students [requently
respond to such probes in a multiplicity of ways and forcing these into
predetermined categories is not helpful in coming to an appreciation of their
ideas. Inconsistency of response was another aspect which was frequently
encountered. With written responses we were unahle to address it, but
simply note its existence. However, with the Discussion Tasks the
interviewer was often able to draw individual students’ attention to any
inconsistency in their ideas or their opinion - in fact such inconsistencies
were sometimes also challenged by other members of the discussion group.
[n this way students were brought face to face with this aspect of their
response and in some cases modified their views.

This paper has addressed some of the design and methodological issues
arising from a large and complex project which has sought to explore not
only students” knowledge and understanding n a particular domain, but also
the social and ethical 1ssues which they see arising from the application of a
range of technologies and their opinions on those technologies. The work
has also placed students in a decision-making role with respect to a number
of issues.

Full details of the probes used in the research, together with the responses of
the students, our coding schemes, and the analvsis of the results will he
rublished in other Working Papers in this series. These will be as follows:

Working Paper 2

Understanding Of Basic Genetics And DNA Technology

- findings from some of the written probes concerned with students’
understanding of genetics and of new genetic technalogies.

Working Paper 3

Understanding The Genetics OF Celfs

Ar The Discussion Task

- findings from the 'Understanding of Geneties Discussion Task’.
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Working Puper 4

Understanding The Genetics OF Celfs

E: The Written Probes

- findings from some of the writien probes concerned with studenis’
understanding of pene expression and the transfer of genelic information
herween cells.

Working Paper 5

Opinions on and aftitudes Towards Genetic Screening

Ar Pre-Natal Sereening (Cystic Fibrosis)

- Pre-natal screening for Cystic Fibvosis - findings from the "Prenaval
Screening Discussion Task' and from the iwelve Aftitude Stafemenis’

Waorking Paper 6

Opinions on and Attitudes Towards Genetic Screening
B: Individual Screcning {Hunrington Discase)

- findings from the written probe.

Working Paper 7

Cpinions on and Attitudes Towardy Genetic Enginecring
Ar Accepfable Limits

- findings from the Genetic Engineering [iscussion Task’,

Working Paper 8

Opinions on and Attitudes Towards Genetic Engineering
B Acceptable Limits

- findings from wriften probes,

[t i3 hoped that the findings from the remaining written probes, and a
discussion of the implications of the research for the science curriculum and
tor classroom practice will be published in subseguent Working papers,
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Appendix 1: Science in the National Curriculum (1991)

This version of the Mational Curticulum was laid before Parliament in
December 1991, The provisions of the Order relating 1o the third key
stage came into force on 1st August 1992 in respect of all pupils in that
key stage. The provisions of the Order relating to the fourth key stage
came into force on st August 1992 in respect of all pupils in the lirst
vear of that key stage; and on 1st August 1993 in respect of all other
pupils. This wversion of Science in the National Curriculum applied to
the students under investigation in this study and was used. along with
other considerations, as a basis for the design of the research
instruments.

I'he sections of Science in the Mational Curriculum (1991} which are
relevant to genctics are shown below.

Kev Stage 3
In the introduction to the Programme of Study

The application of science: pupils should be given opportunities to
develop their awareness of the importance of science in evervday life,
and, building on their earlier expenence, their growing knowledge and
understanding and their increasing maturity, to study how science is
applied in a varety of contexts. They should consider the benefits and
drawbacks of applving scientific and technological ideas to themselves,
industry, the environment and the community, They should begin to
make decisions and judgements based on their scientific knowledge of
1ssues concerning personal health and well-being, safety and the care of
the envirenment. Through this study they should begin to understand
how science shapes and influences the quality of their lives.

Attainment target 2: Life and living processes

Pupils should develop knovwledge and understanding of:

1} life processes and the organisation of living things

i) wvariation and the mechanisms of inheritance and evolution

Programme CF Study

Pupils should explore and investigate how flowering plants and
muammals are normally organised at cellular and macroscopic levels.
They should study life processes, ..., reproduction, ...

v They should measure and investigate variation between individuals
in a range of living things, giving atlention to their welfare. They
should translate data into trends and norms and consider genetic and
environmental cavses of vanation and extinction. They should study
how information in the form of genes is passed from one gencration to
the next. They should be introduced to the idea of selective breeding,
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Statements Of Atiainment

Pupils should:

LEVEL 3

a)  know the basic life processes commeon to humans and other
animals.
Fxamples: identify processes such as . reprodicing as common to
themselves and familiar animals

LEVEL 3

k) know that information in the form of genes is passed on from one
generation to the next.
Fxample: use information from ar extended family (humans,
geinea-plgs, rabhits) to show that a feature may be inherited.

LEVEL 6

al  be able to relate structure to function in plant and animal cells.
Examples; explain how the structure of a neurane enables nerve
impulyes o he ransmitted over a long distance and the stricture
af a palisade cell facilitates photosynthesis in g leaf.

¢l know that varation in living organisms has both genetic and
environmental causes.
Fxample: explain some possible causes of variation in human birth
welght.

LEVEL T

¢} understand how selective breeding can produce economic benefits
and contribute 1o improved yields,
Example: describe how modern variefies of whea! have been
produced from wild strains lo give greater yield, improved divease
resistance and shorier cropping peviods.

Key Stage 4 (Double science)
Key Stage 4 (Single science)

As tar as Science in the National Curmiculum (1991) relates (o genetics,
there are no differences between the Programme of Study and the
Statements of Attainment for Double and for Single Scicnce.

In the introduction to the Programme of Stady

The application and economic, social and technolozical
implications of science: pupils should be given opportunitics fo
develop awarencss of science mn everyday life. Building on carlier
experience, breadth of knowledge and understanding, and increased
maturity, they should studv how science is applied in a varicty of
contexts, ... They should use their science knowledge and skills to make
decisions and judgements concerning personal health and safety. They

42



Working paper I Ratiorale, design and methodolog)

should consider the effect of scientific and technological developments,
... on individuals, communities and envirenments. Through this study,
they should begin to understand the power and the limitations of
science in solving industnal, social and environmental problems and
recognise competing prioritics.

The nature of scientific ideas: pupils should be given opportunitics o
develop their knowledge and understanding of how scientific ideas
change through time and how their nature and the use to which they arc
put are affected by the social, moral, spiritual and cultural contexts in
which they are developed. In doing so they should begin to recognise
that, while science is an important way of thinking aboul experience, il
15 not the only way.

Attainment target 2: Life and living processes

Pupils should develop knowledge and understanding of’

1} life processes and the organisation of living things;

ii) wariation and the mechanisms of inheritance and evolution.

Pragramme OF Study

In the context of their study of the major human organs they should
consider the factors associated with a healthy life-sivle and cxamples of
technologies used to promote, improve and sustain the quality of life.
Thev should consider the interaction of genetic and environmental
lactors (including radiation) in varation. They should be introduced to
the gene as a section of a DNA molecule and study how DNA is able to
replicate itself and control protein synthesis by means of a base code.
L/sing the concept of the gene, they should explore the basic principles
of inheritance in plants and animals and their application in the
understanding of how sex is determined in human beings and how some
diseases can be inherited,  Using sources which give a range of
perspectives, they should have the opportunity 10 consider the basic
principles of genelic engineering, for example in relation to drig and
hormong  production. as well as being aware of anv ethical
considerations that such production involves, They should consider the
evidence for evolution and explore the ideas of variability and sclection
leading 1o evolulion and selective breeding. They should consider the
social, economic and ethical aspects of cloning and selective breeding.

Starements OF Atrainment
In addition to those Statement of Attainment for Levels 4 to 7 identified
above for Key Stage 3. pupils should:

LEVEL &

b)  know how genetic information is passed from cell to cell and from
generation to generation by cell division.
Examples: sequence photographs showing how the chromosames
[first appear and thern divide equally berween dovghier cells during
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(]

mitoxis and how the paivs of chramosemes divide equally during
melosis.

understand the principles ol a menohybrid cross invalving
dominant and recessive alleles.

fxample; expiain or predicd the ratios befween phenotypes and
genotvpes in simple monohvhrid crosses berween, for example,
different strains af Drosophila

LEVEL 9

b)

c)

understand the different sources of genetic variation.

Example: explain how genetic variation is brought abour by
reshnffling chromosomeys and pene mulaiion.

understand the relationships between variation, natural selection
and reproductive success in organisms and the significance of these
relationships [or evolution.

Examples: explain how organisms such as Galapagos [sland
Jinches and British peppered moths evalved to fit the ecological
niches they now occupy.

LEVEL 10

b}

c)

understand how DINA replicates and controls protein synthesis by
means of a base code.

Example: outline the self-replicating nature of DNA and how the
sequerice of bases can cade for aming acids in a protfein.
understand the basic principles of genetic engineering, selective
breeding and cloning, and how these give rise to social and ethical
1551U¢CS.

Fxamples; explain how human insulin can be oblained from
genetically engineered bacteria; discuss the issues raised for
society by the possibility of correcting human genetic disorders.
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Appendix 2: Science in the National Curriculum (1995)

This version of the National Curriculum superseded the 1991 version
and came into force for Key Stage 3 on 1st August 1995 in respect of
all pupils in that key stage. The provisions of the Order relating to the
Key Stage 4 came into force on 1st August 1996 in respect of all pupils
in vear 10; and on 1st August 1997 in respect of all pupils in year 11.

The sections of Science in the National Curriculum (1993) which arc
relevant to genetics are shown below.

Key Stage 3 (Years 7-9, ages 11-14)
Introductory section

Pupils should be given opportunitics to:

2 Application of science

b} consider how applications of science, including those related to
health, influence the quality of their lives,

d} consider the benefits and drawbacks of scientific and technological
developments in environmental and other contexts.

Attainment Tarpet 2: Life Processes and Living Things
1 Life processes and cell activity

a) that many animals and plants have organs that enable life
processes, ep repraduciion, o take place;

b} that animals and plants are made up of cells;

e} ways in which some cells, including ciliated epithelial cells,
SPETova, ... are adapted to their functions;

4  Variation, classification and inheritance
Variation
a) that there is variation within species and between species;

by that variation within a species can have both environmental and
inherited causes;

Takeritanee

e) that selective breeding can lead to new varieties.
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Key Stage 4 (Years 10-11, ages 14-10) - Single Science

Introductory section
Pupils should be given opportunities to:

2 Application of science

a) consider ways in which science is applied and used, and to evaluate
the benefits and drawbacks of scientific and technological
developments for individuals, communities and environments;

b} use scientific knowledge and understanding to evaluate the effects
of some applications of science on health and on the guality of life;

¢y relate scientific knowledge and understanding 1o the care of living
things and of the environment;

¢} comsider the power and limitations of science 1n addressing
industrial, social and environmental issues and some of the ethical
dilemmas involved.

3 The nature of scientific ideas

b} consider ways in which scientific ideas may be affected by the
social and historical contexts in which they develop, and how these
contexts may affect whether or not the ideas are accepted.

Attainment Tarzet 2: Life Processes and Living Things

1. Life processes and cell activity

¢) that cells have a nucleus, a cell membrane and cytoplasm;

d) that the nucleus contains chromosomes that carry the genes;

¢)  how cells divide by mitosis so that growth takes place. and by
meiosis to produce gametes.

3 Variation, inheritance and evolution
Variation

a)  how varation may arise from both genetic and environmental
Causes;

by that sexual reproduction is a source of genetic variation, while
asexual reproduction produces clones;

¢) that mutation is a source of genetic variation and has a number of
causes;

Inheritance

d)  how gender is determined in humans;

¢) the mechanism of monohybrid inheritance where there are
dominant and recessive alleles;

f1  that some diseases can be inherited;

2)  the basic principles of cloning, selective breeding and genetic
enginecTing.,
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Key Stage 4 (Years 10-11, ages 14-106) - Double Science
In addition to what is required for Single Science:

Attainment Target 2: Life Processes and Living Things

1 Life Processes and cell activity

¢} that plant and animal cells have some similarities in structure;
{note that this programme does not include “that cells have a
nucleus, a cell membrane and cyloplasm™ which 15 included in the
Single Science programme)

4 Variation, inheritance and evolution
Inherilance
2] that the gene is a section of DINA;

The relevant Level statements for Attainment Target 2 are as
follows:

LEWEL 4

Pupils demonstrate knowledge and understanding of aspects of life
processes and living things drawn from the Key Stage 2 or Key Stapge 3
programme of study. ..

LEVEL 5

Pupils demonstrate an increasing knowledge and understanding of
aspects of life processes and living things drawn from the Key Stage 2
or Key Stage 3 programme of study, ...

LEVEL 6

Pupils use knowledge and understanding drawn from the Key Stage 3
programme of study to describe and explain life processes and features
of living things. ... They distinguish between related processes, such as
polhination or fertilisation. They describe simple cell structure and
identify differences between cells, such as differences in structure
between simple animal and plant cells, They describe some of the
Faclors thal cawse vanation between living things. ...

LEVEL 7

Pupils use knowledge and understanding of life processes and living
things drawn from the Kev Stage 3 programme of study. to make links
between life processes in animals and plants and the orzan systems
involved. ... They use their knowledpe of cell structure to explain how
cells, such as the ovum, sperm or root hair, are adapted to their
functions. They identify characteristic variations between individuals,
including some features, such as eve colour, that are inherited and
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others, such as height, that can also be affected by environmental
factors, ...

LEVEL 8

Pupils demonstrate an extensive knowledge and understanding of life
processes and living things drawn from the Key Stage 3 programme of
study, in describing how biological svstems function. They relate their
knowledge of the cellular structure of organs to the associated life
processes, ... They explain how characteristics can be inherited by
individuals and apply their knowledge to contexts such as selective
breeding. ...

EXCEFTIONAL PERFORMANCE

Pupils demonstrate both breadth and depth of  knowledge and
understanding of the Key Stage 3 programme ol study and draw on
aspects of the Kev Stage 4 programme of study when they describe and
cxplain  how biological systems function. ... They relate their
understanding of the life processes of reproduction and growth 1o the
provesses of ¢ell division. They use their understanding of genetics 1o
explain a varety of phenomena, such as mutation or the production of
clones. ...

48



I e ¢ | P S o i !
Worning paper 1) Rarionale, desipn and medhodolom

Appendix 3

“‘Cells’

Part 1

This part of the question is about different tvpes of cells from the same person -
Robert.

Cells from Robert

cheek cells  nerve cells  sperm cells

Ei 3—-_—’, Please answer the followng guesiions by ek ONE box
= Fxplain vour reasons.

al If vou could take owo of Robert™s check cells would the penetic information in
them be -
Tk COONE Box

the same |_'
different |:

don't know |:
@ Please give e PEASGNS JoI VOU GHEWET « cmmemeemen e s m s mn s s e e

IRERd
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b If vou could take one of Robert's cheek cells and one of Robert’s nerve cells
would the genetic information in them be :-

Vick ONE Box
the same [:]

different D

don't know D

IF Plecse rive the reasony for vour answer -

---------------------------

¢} If you could take one of Robert’s cheek cells and one of Robert’s sperm cells
would the genetic information i them be -

Fick ONE Box

the same |:|
dilTerent D

don't know |:|

FtEEl

@ Plecse give 1he reqasons jor Your @Iswer - se-----—- == ——

d) If you could take two of Rabert’s  gperm cells would the genstic information in
them be -
Fick ONE Sox

the same :|
different |:|
dan’t know |:|

@ Please give the reasons for votir auswer -

TITEE

e e e . i i i W B



Warking paper [ Rationale, design ond methosolomn:

Part 2

This part of the question asks you to make comparisons between the cells from
two different people - Danny and John,

aj Danny’'s cheek cell John's chesk cell
—
(= <P

If vou could take one of Danny’s cheek cells and one of John’s check cells would
the genstic information in them be -

Tick ONE Box
the same D
ditferen: |:
don't koow D

@ feasons

i e T S S i S A A S

O O O O S e e
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Appendix 4

‘The New Genetics’

In this question we are interested in what you know (or don’t know) about DNA
technology - *“The New Genetics’.

The leaflet printed below is made up of newspaper cuttings collected over the
past year,

@ Lorsk i the O flems,

They are listed for vou again at the side.

LLEEL

@ Flease fick the ones tan you hove heard of.

geNeric mapping

DNA fingerprinting
DMA testing

oene technologoy

wene transplant

cloming

Human Genome Project

gene therapy

OO0 oOoooodd

CEnStic SngInecring

Genetic mapping

L
]
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Now, il you can, we would like vou to tell us a little more about the following
three terms 13-

* senclic engineering

* DINA testing

* Cloning

= For each term please tick ONFE box to show what vou know about it and
= then answer the guesiions.
GGenetic Engineering
Tick ONFE box
I couldn™ sav anything about genctic engineering D
[ could say something about genetic engincering |:|

Now, if your can, please answer the following questions. If vou can 'l answer o
restion please put a cross beside i,

a) [ have heard genetic engineering mentioned infon -eee -

b} I think that genetic enginesring 13 ====sse=ves=--

RS

¢} An example of genetic engineering would be m-- wma

Cloning

Teck ONE box
I couldn't say anvithing about cloning |

1 could sav something about clening | |

Now, i vow can, please answer the followerne questions. § von can 'l answer a
NN DICase PNE O Cresy e o

a) I hiave heard cloning mentioned Infon --—--—=---==- S ———

==

b) 1 think that clening is “ee-

g

Ln
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I couldn™ say anvthing about DN A testing D
1 could say something about DA testing |:|

Now, i vou can, please amswer the followig guestions. [f you can't answer a
guestion please put a cross beside it

4) [ have heard DNA testing mentioned infon

bB) 1 think that DNA tesiing 15

DMNA Testing

Tiock ONE box

c] An example of DNA testing would be ,

Newspaper articles and ty reports on these topics often refer to “the genetic code’
and ‘cracking the code’.

=

:

-

Please sev whether or noi you have heard of “the genetic code
Tick ONE Box
Wag | |
1
Ty | |
D yonr have aiv dea wivar is meant by 'the genetic code 7
Dk QONE Box

no :l

Please sqv what you think “the genetic code ' means.

- LT Bl e e e LR

L T e T S{EEITS Tt S A S

(=
Ly
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