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Working Paper 2
Understanding of basic genetics and DNA

technology
A: The written probes

Jenny Lewis, Rosalind Driver, John Leach and Colin Wood-Robinson

Abstract

In this paper, we report findings from a survey of almost 500 students aged 14 - 16. Their
knowledze and understanding of hasie genetics and DMA technologies was elicited through
wrilten guestions requiring individual written responses. While most of these studenls
showed a pood general understanding that genes determine characteristics and are involved
in inheritance, very few had any awareness of the mechanisms which make this possible. In
addition, few knew or understoad the basic gensiic concepis which they would need in order
to understand these mechanisms, Despite massive coverage in the media during the data
collection period of this study there was only limited awareness or understanding of DNA
iechnologies. A summary of the detailed findings s presented and the implications for
teaching genctics are discussed.

Introduction

The work reported in this paper is part of a much larger research project on
‘Young People’s Understanding of and Aititudes to, The New Genetics . The
overall aim of this project was to produce baseline data on the understanding
of genetics, awarcness of DNA technology and attitudes towards DNA
technology which voung people have at the end of their compulsory science
education.

DMNA technology 15 developing at a rapid pace. DN A data bases have been set
up, DNA fngerprinting 15 a routine forensic tool, screenming for genetic
disease 15 becoming commonplace and genetically modified food 1s now on
sale. Each of these uses of DNA technology raise important social and
ethical issues, for the individual as well as for society. We were interested in
the extent to which the National Curriculum prepares young people in
England and Wales for the dilemmas and decisions which they will be faced
with as a result of these developments. Our focus was therefore on the
students’ understanding of general principles - that all living things contain
genetic information, for example - rather than the detailed recall of content
which might be required for exams. We were also interested in the extent to
which students could come 1o a reasoned opinion about specific uses of DNA
technology (through identification, discussion and evaluation of relevant

1s5ues), and n the scientific knowledge which they mipht need to draw on in
order to do this.
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More than 700 young people aged 14 - 16 took part in the whole study, which
was based on four main research guestions :-

1. Whal knowledge and understanding of genctics do young people have at
the end of their compulsory science education?

b

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

. What issucs do they perceive as being raised by the application of new
gene technologies in particular contexts?

LR

4. What opinions and attitudes do these voung people [orm concerning the
application of these technologics?

Research guestions 1 and 2 relate to students” knowledge and understanding
of genetics and gene technology. ‘This was investigated through a written
survey of almost 300 young people and through a series of audio taped group
discussions involving 36 young people. Findings from this research arc
reported in three working papers. This paper (Working Paper 2) reports
survey findings on students’ knowledge and understanding of basic genetics
and IDNA technology. The second paper (Lewis er af, Working Paper 4, in
preparation)  reports  findings, from the same survey, on  students’
understanding of gene action within the cell,  The thind paper (Wood-
Robinson ef al, Working Paper 3, (in preparation) reports on findings from
the audio taped discussion task.

Research guestions 3 and 4 relate o students” awareness of issues raised by
DNA technology and its applications, and their opinions and attitudes
towards these issues. These were investigated through a second set of wrillen
probes and through two different audio taped group discussion tasks, led by
an interviewer. Findings lrom (he written probes will be reported in Working
Papers 6 and 8 (in preparation). Findings from the audio taped discussion
tasks are reported in Working Paper 5 (Leach et of, 1996) and Working Paper
T (In preparation).

All of the written probes which were produced for this project - cach one
accompanied by a commentary on its use within this research project, a brief
summary of the findings and suggestions for its use within the classroom - are
published as a separate photo-copy free booklet (Lewis e al, 1997).

Those aspects of genetics which are taughl in government-maintained
sccondary schools in England and Wales are defined by the National
Curmiculum. For the students invalved in this study the version of Science in
the MNational Curriculum which they had experienced was that published by
the Department of Education and Science (DES 1991}, Unless otherwise
stated, all references to the National Curriculum within this paper relate to the
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1991 Mational Curriculum for Science, Key Stages 3 and 4, Attainment
Target 2 : Life and Living Processes.

A new version of the National Curriculum has since been introduced (DME
1993). Details of the design and methodology for the whole study, together
with a discussion of the issues raised by the development of a science
curriculum designed to increase scientific literacy within the general
population and a discussion of genetics within the National Curriculum, are
presented in Working Paper 1 (Wood-Robinson et af, 1998),

This paper (Working Paper 2) focuses on young people’s knowledge and
understanding of basic genetics and DNA technology, All the data presented
in this paper were collected through a series of written questions to which
students gave individual written responses. Almost 300 voung people from
across the ability range were surveyed for this part of the project. The
majority of the sample had been taught genetics at Key Stage 4,
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2.1

2,2

Previous research on knowledge and understanding of
genetics and new genetic technologies

Introduction

Research into young people’s knowledge and understanding of this field has
been on-going for two decades. Indeed, apart from work on classification and
plant nutrition, it is the area of biology which has been most researched (see
Carmichael et af, 1990).

Much of the work in this field has been concerned with young people’s
understanding of inheritance rather than genetics. By inheritance we mean
the acquisition of characterisiics by an individual through the transfer of
material from that individual’s parent(s). (zenetfics is not only the study of
patterns of inheritance, but it is also concerned with mechamsms, such as how
characteristics are passed on and how genes express  themselves.
Mevertheless it is important to review this work as it reveals students’
understanding of aspects of the phenomena under investigation in this study
as well as, in some cases, providing insights into their understandings ol the
mechanisms of inheritance which have been probed in a wider context
without prompts which are specifically genetic in their nature.

We therefore outline briefly below some of the key hindings Irom ths work,
Muore detailed reviews can be found elsewhere (see Wood-Robinson, 1994
and 1995).

Studies involving students of school age

One of the earliest studies in the field was that of Deadman and Kelly (1978)
who [ound that students aged 11-16 acknowledged the existence of varation
within a species, but failed to understand its origing in lerms ol the re-
assortment of genes or chromosomes and through mutation, These findings
were confirmed by Brumby (1979) working with university students. A
number of studies have demonstrated the widespread belief, even among
quite young children, that some characteristics present in individuals are
derived from their parents. (See for example, Kargbo et of 1980, and Engel
Clough and Wood-Robinson, 1985), All of these studies, with the exception
of Brumby’s, which emploved pencil and paper responses to questions,
involved structured interviews with individual students.

There appear 1o be inleresting dilferences in the ways in which some young
people view intra-specific variation and inheritance in plants compared with
animals. Thus 17% of Engel Clough and Wood-Robinson's sample of 80
students aged 12-16 believed that intra-specilic variation did not exist among
plants.

Several studies have highlighted the belief that parents contribute unequally
to the characteristics of their offspring (see Kargho e af, 1980, and Engel
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Clough and Wood-Robinson, 19835, for instance). Many young people
believe that the mother makes a greater contribution than does the father, or
some believe the mother makes the only contribution, to the inherited
characteristics of her offspring.  In other cases there is a belief in an
associglion of a characteristic between a child and the parent of the same
gender.

Kargbo ef @/ (1980) Tound a widespread belief in the inhentance of acquired
characteristics among vounger students (aged 7-13) and this was confirmed
by Engel Clough and Wood-Robinson (1985) with somewhat older students
aged 12-16. The existence of such beliefs has been confirmed across a
number of different mammals and invelving a range of characteristics. Ths
15 perhaps not surprising in the light of Albaladejo and Lucas (1983)
observation, based on their study of Catalan students aged 14-18, that many
were unahle 1o distinguish between a somatic change in an individual which
has no impact on its germ cells, and a change which alters the germ cells and
can therefore be inherited.

In ane of the only studies of students’ knowledge and understanding of new
gene technologies, Lock and Miles (1993) found that about half their sample
of 15-16 year olds (n=18%) undersiood that genetic engineering involved
changing or manipulating genes, but about a third had no understanding of
the technology whatever. This study invelved open questions in which the
students were asked to cxplain the meaning of the terms “holechnology” and
‘penelic engineering’ and o give examples in each case. About half their
sample were unable to give any examples of genetic engineering.

Thus the principal findings from this research into students’ knowledge and
understanding are:

* Variation in mammals 15 frequently associated with parentage, though an
understanding of the mechanisms which result in the similarity between
parents and their offspring is often absent.

+ Parents are seen as making unequal contributions to the characteristics of
their offspring with the parent of the same gender as a child being viewed
as having a greater influence on their features,

# (Characteristics acquired during an individual’s lifetime are ofien thought
to be inherited, though many believe that this will only take place after
many generations and with frequent reinforcement of the acquired feature.

¢  Knowledge and understanding of new gene technologies is poor, while
attimades to recombinant DMNA technology are highly dependent on the
context of the application.

e  Plants are often viewed as being markedly different from humans and
other mammals as far as variation and inhetitance are concerned with
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2.3

plant variation being seen as due only to environmental causes, Many
students do not accept that plants reproduce sexually.

Some of these areas of knowledge and understanding were [urther explored in
the research reported in this paper, though our focus was the structures and
mechanisms involved rather than simply a belief in the existence of a
particular phenomenon.

Several researchers have commented on the language problems associated
with the teaching and learning of genetics. Pearson and Hughes (1988a and
1988b) in analysing textbooks used by students in the 16-19 year old age
range in the UK noted widespread misuse of terminology. Longden {(1982)
also identifics language as being a major cause of difficulty encountered by
his sample of 17-18 yvear old students. With such problems in mind Radford
and Baumberg (1987) have drawn up a glossary of genctic terms useful to
teachers and students,

Studies involving adults

In recent years concern about the general public’s understanding of, and
attitudes to, a number of aspects of genetics have led to several studies in the
area,  Ponder er af (1996) interviewed a number of students (n=53%) in a
college of further education - hence after the completion of their 11 vears of
compulsory schooling. They were asked about their likelihood of suffering
from three conditions (diabetes, heart disease, and cancer) and the reasons for
their responses. Any reference to inheritance or family history were then
followed up. Genetic terms, such as “gene’ and *chromosome” were not used
by the interviewers unless used first by the interviewees. The interviewers
also refrained from any reference to inheritance as such or to the concept of
‘nisk’. Dretails of lamily health history were also followed up and recorded by
the annotation of family frees, The parents of the students were then also
interviewed along similar lines.  In general, family history and the
environment were perceived as increasing the likelihood of the subjects
suffening from heart disease and cancer, whereas personal action and
behaviour were more often pereeived as decreasing susceptibility rather than
increasing it. This applied to all three conditions investigated, though family
history and personal action were viewed as being less influential in the case
of diabetes.

snowden and Green (1996) mnvestigated the understanding of inheritance
patterns of recessively inhented disorders demonstrated by parents who were
carriers of the allele for that disorder. They found that almost all the parents
were ahle to determine correctly the chance of their having an affected child.
However, only about one third of them were able to determine the
probabilities of the other two possible outcomes (i.e. that the child would be a
carrier, or that the child would be completely free of the allele). This
sugpests that the majority of the parents had little grasp of Mendelian
inheritance or understanding of the mechanisms involved.
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Richards and Ponder {1996) investigated the perceived genetic relationship
between family members. Their sample, which consisted of 177 adult women
and 73 first vear university social science students, were asked as part of
pencil and paper gquestionnaires “what proportion of genes does someone, on
average, share with their father, sister, child, uncle and grandmother? They
were given a range of possible responses (none, 5%, 15%, 25%, 50%, 75%,
1%, or don’t know). It is noteworthy that their questionnaire referred to
genes shared between relatives, whereas in reality they were presumably
referring to shared alleles. However, as indicated elsewhere in this paper, the
term allele 15 less familiar to most people and we must assume that the
mecorrect “gene’ was preferred on grounds of familiarity. The majority of
bath groups of respondents selected the correct response for father and child,
but only a minority sclected the correct response for uncle and sister. Most
underestimated the proportion of shared genes between these relatives, but
there was alse a large proportion selecting the ‘don’t know® option. The
situation in relation to responses to the grandmother question was less clear
cut, but again there was significant tendency to underestimate the proportion
of shared genes.

Michie et @f (1995) involved Gallup in an attitudinal investipation of a
sample of adults aged 18-45 (n=973). However, this work, which focused on
attitudes to pre-natal and adult screening, made no attempt to determine the
participants’ knowledge and understanding of the genetics related to the arcas
being probed.



Working paper 2: Understanding of basic genetics ond ONA rechnology

s

Design, methodology and administration of the written
probes

Design of the written probes
In order to design written research probes which could be used to investigate
our [irst two research questions:-

- What knowledge and understanding of genetics do young people have at the
end of their compulsory science education?

- What knowledge and understanding of new genetic lechnologies do these
same yvoung people have?

wi made a conceptual analysis of the two areas we wished to cover (see
Appendix 1), In making this analysis we took into account both the
requirements of the 1991 National Curriculum for Science al Key Stages 3
and 4 and also the backeround knowledge and undersianding of genetics
which an individual might need in order 1o develop a basic understanding of
DNA technologies and the issues to which the use of these technologies could
give rise. For a more detailed discussion of the conceptual analysis see
Working Paper 1 {Wood-Robinson ef al, 1996),

Students” knowledge and understanding of these key concepts were initially
investipated using free response questions and small discussion groups. On
the basis of this preliminary work a number of written research probes were
produced, designed to cover as many of the conceptual areas as possible.
These probes were piloted with almost 100 students of all abilities and
evaluated for effectiveness, comprehension and Gomng, Finallv, a revised set
of & written probes - Size Sequence, Living Things, Biological Terms, The
New Crenetics, Cells, Cell DMvision, Reproduction and Information Transfer -
were produced for the main study. Each of these probes were made up of two
or more sections and each section often contained several related questions.
The areas of our conceptual analvsis covered by these eight probes are shown
mn Table 3.1, Many of these conceptual areas are covered by more than one
probe, allowing us to assess the consistency of our findings across different
contexts.

Only two of the conceptual areas which we listed are not covered in any way
by these eight probes. Area B2a relates to possibilities and limitations in the
application of DNA technology and is covered by a series o ‘stop press’
probes which will be discussed in a future working paper, Area A3(H)c was
not covered at all within this project,  This area relates to the effect of
selective pressures on gene frequencies and the gene pool - or more correctly,
allele frequencies and the allele pool! When draft probes covering this area
were [rialled, students showed litlle awareness or understanding of it and gave
very few meaningful responses.  As the time available for collecting data
from any individual was limited, we concentrated on those areas most likely
to provide meanmingful data and excluded this area from the probes.
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Areas Ade, AS(iii)b and A5fihe all relate to different aspects of the genetic
code, These dillerent areas were not explicitly or individually probed but
students were asked, as part of ‘The Mew Genetics' probe, to say whether or
not they had heard of the genetic code and to explain what was meant by “the
genetic code’. Any understanding of these three conceptual areas would be
reflected in the student’s response to this question.

Findings from the first four of these probes - Size Sequence, Living Things,
Biglogical Terms and The New Genetics - are reported in this working paper.
Findings from the other four probes - Cells, Cell Division, Reproduction and
Informarion Transfer - will be reported in Working Paper 4 (Lewis ef al, in
preparation).

Table 3.1 - Conceptual areas covered by the written probes

B1. Applications

Conceptual Area Specific Topic ® Probes reported in this Working Paper
(see Appendix 1 for moredetails) | O Probes reported in Working Paper 4
A Genetics Ala - basic genetics . ® o
Al, Terminology A1b - range of arganisms ™
Al. Location, Al - penes‘organisms ®
Relationship Alb - penesicells s &
between struclures Alc - rangs s ¥ @
| A2d - site of mitosis o O
Ale - site of melosis )
A3, Gene Tunction Ada - protein synthesis s
A3b - replication ® 300
Ad. Mechanisms and | Ada - alleles »
factors influencing Adb - environment O
FCne eXpression Ade - universal code [
Add - mitotic cell division 0O O 0 o
Ade - meiotic ccll division T
AT - fertilisation 03 o
AS. Similarities and i) within organism
differences between ASia - somatic cells ST
cells AS5ih - gene switches i
| ASic - perm cells 33
ii) within species
ASiia - variation, perm cell 0
Ajiib - variation, alleles )
| ASiic - variation, population
| iii) between species
ASiiia - penetic information ®
ASiib - nucleic acids o
ASiiic - protein synthesis -
ASiiid - replication i)
B: DNA technology Bla - terminology 0
B1. Techniques B1b - understanding .

2a - real or potential

10
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Writlen queslions requiring a written response were used in this part of the
studv as it allowed us to gather a large amount of data in @ limited Gme, The
main disadvantage in using pencil and paper probes, especially when our
main interest was in conceptual understanding rather than content knowledge,
was in the potential for misunderstanding. Not only were the students’
responses open to misinterpretation by the researchers, there was also the
potential for the researchers’ questions to be misinterpreted by the students
{see section 7.1.3). Preliminary work and piloting help to reduce this potential
for misunderstandings bul cannot overcome it

Within the written probes, both fixed response and free response questions
were used, Fixed-response guestions can be answered relatively quickly and
yield a large amount of data in a form which is easy to code and analyse. The
disadvantage of this approach is that students must choose from a limited set
ol predetermined responses which may not reflect their own ideas very
accurately, They do not have the opportunity to express their own ideas in
their own words, This tvpe of guestion gives mited insight inte students”
underlying reasoning or conceptual inderstanding, Free-response questions
allow students to respond in their own way and in their own words, providing
the researcher with a better insight into the students” underlying reasoning or
conceptual understanding. However, free response guestions take students
longer to answer and the coding and analysis of responses is very time
conswming. Whether fixed or free response questions are used, there is always
a problem of misinterpretation. Because of this, some audiotaped small group
mlerviews were also carried out. The findings from these small proup
interviews are reported in Working Paper 3 (Wood-Robinson er al, in
preparation).

Administration

All eight knowledge and undersianding writlen probes were presented as a
single pack of questions which was administered to whole classes at one time.
Because we wanted 1o collect data on the knowledge and understanding of
individuals, students were asked 1o work on their own, without discussion
with other members of the class. To encourage this, three different versions of
the pack were produced. Each contained the same probes but in three
different seyuences, although all three versions began with ‘Size Sequence ',
All three versions were administered within any one class with neighbouring
students having different versions. As a result, individuals usually found that
at any given time they were working on a different question from their
neighbours. In addition this ensured that all probes were answered within
each class, even if time was limiled and individual students were unable to
answer the whole pack. A further henefit of using three versions was that the
same probes were not always answered last, when students might be bored or
tired.

11
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3.3

Sampling

The twelve schools from which data were collected for the main study were

all co-educational comprehensive schools under local authority control. They
were drawn from the West Yorkshire region ol England and covered a range
of rural, urban and suburban catchment areas. § schools participated in this
part of the project concerned with knowledge and understanding of genetics
and DNA technologies. Within each of these schools the sample was drawn
from across the ability range, with teachers selecting three classes - upper
ability, middle ability and lower ability - to complele the probes, Altogether
responses from 482 students in 24 classes were collected (see Table 3.2).

Cnar intention had been to work with a representative sample of the school
population who had all completed the genetics component of their science
education. In practice this proved difficult. Genetics is perceived to be
difficult by some teachers and there is a tendency to leave this component of
the syllabus until the end. In many schools there is little time between
completion of the genetics component and commencement of GCSE exams,
and researchers are not always welcome such a short time before public
examinations. As a result it was impossible to collect an ideal sample in
which all students had followed the genetics components of the National
Curriculum programme of study. Although 28% of our sample had not yet
heen taupght genetics during Key Stage 4, some of the more able of these
students had been taught genetics to a higher level during Key Stage 3 than
some of the less able students had achieved by the end of their Key Stage 4
studies,

The levels of achievement within these schools, as measured by the
percentage of A - C passes in GCSE sciences in the preceding vear, ranped
from 58% to 11.8%.

Using the DES Ethnic Monitoring Survey schools indicated their ethnic mix.
Between 1% and 16% of the intake in these schools were from minority
groups, These included students of Indian, Pakistani, Bangladeshi,
Afrocaribbean and Chinese origin.

Table 3.2 - Survey sample, the knowledge and understanding pack

Number of students per class

School

Year

Upper ability

Middle ability

Lower ability

Total

e

11

16

15

14

45

11

29

11

15

22
3

11

62

11

44

11

26

25

24

(]

11

29

24

22

75

11

23

13

12

48

11

il

24

12

67

10

26

21

19

(36

Total

195

162

125

482

12
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3.4

£

O these 482 students -
e 416 (B6.3%) were in Year 11 and aged 15 - 16,
66 (13.7%) were in Year 10 and aged 14 - 13,

o 229 (47.5%) were female,
253 (52.5%) were male,

& 351 {72%) had been taught most of the genetics specified in Key Stage 4,
131 (28%) had been taught either very little or none of the genetics
specified in Key Stage 4 at the time of the survey.

Coding and analysis

Each lixed response question was scored according to the alternative ticked,
with cach allernative being given a code. The frequency with which each
code was used was then determined.

Because our main interest was in the ideas and understandings which students
held rather than in the smdents’ factual recall we adopted an ideographic
approach to coding the semi-structured and free response questions. Instead
of developing a coding scheme based on the scientific explanation we
developed a coding scheme based on the students” own responses.  As the
coding of a gquestion progressed these schemes developed. through an
iterative process of reconsideration and discussion, so that all types of
response could he categorised. The coding schemes therefore represent the
types of reasoning present within the population and as such, in addition 1o
providing a means of analysing the data, they are an important rescarch
finding in themselves.

Reporting the data

Mot all students attempted 1o answer all the guestions. In any one case it was
not passible W know lor sure if this was because the student couldn’t answer
the question, because the student didn’t have enough time to answer the
question or because of some other reason.  As a result it was sometimes
difficult to report key findings as a percentage ol the wial population (1.c. as a
percentage of those asked the question). To overcome this, and 1o provide
some consistency in reporting the data, the following criteria were used. If a
student had attempted to answer some questions within a section of a probe
{for example any of the four questions within the section on ‘genes’ in the
Bivlogical Termy™ probe, see Appendix 5a) but had not answered all the
questions within that section then it was assumed that the student had read the
questions but had been unable to answer some of them i.e, it was assumed
that the student had been asked the questions. If a student did not respond 1o
any ol the questions within one section of a probe then it was assumed that
the student had not had time to read and respond to that section i.e. it was
assumed that the student fad roi been asked the questions.

13
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Depending on the use that is being made of numerical data, they are presented
either:

- a5 numbers,

- a5 a percentage of the olal number of studenls responding to a specific
guestion (i.e. as a percentage of those who attempted to arswer the question),
- as a percentage of those who attempted that part of the probe (in effect,
those who were asked the question),

- a3 a percentage of those who attempied some part of the whole probe.
Percentages are recorded as decimal numbers in the appendices but within the
lext they are rounded up or down to the nearest whele number for casicr
reading,.

In presenting the data, ideas commonly held within the sample population are
reported on. ldeas held by only one or two individuals are not. In most
analyses there were also a small residue of unclassifiable responscs - those
which were ambiguous, incomprehensible or unreadable. In many cases the
coding 15 notl exclusive (one person may have expressed more than one of the
listed views) therefore totals may add up to more than 100% atl times,

Although data were collected at the individual level, they were analvsed and

reporled  at the population level. However, individual responses are
sometimes used by way of illustration.

14
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4.1
4.1.1

The Size Sequence probe

The probe

Design of the probe

This probe (see Appendix 3a) was designed to: -

I. determine whether studemts were familiar with some basic biological
structures related to genetics;

2. ascertain what understanding they had of the relationship between these
structures,

It covers the following conceptual arcas:-

Ala: terms relating o basic genetics and

A2u-¢: location of genes and relationship between structures within an
OrgAnism

(see Appendices 1 and 2).

Students were asked 1o say which of the following six terms they had heard of
- cell, chromaosome, gene, DNA, organlim and ruclews. With the exception of
sriclens all of these are explicitly mentioned in the 1991 National Curriculum
at k54, although chromosomes arc only mentioned in the examples rather
than in the Programme of Study or the Statements of Attmnment. The
inclusion of the nucleus is implied in the Programme of Study, where it states
that:-

‘rupils should explore and investigate how flowering plawts
and mammals are normally erganised of cellular and
macroscopic levels”.

Students were then asked to sequence those items which they had heard of in
order of size. Recognition of the relationship between these structures is not
something cxplicitly referred to in the 1991 MNatiopal Curriculuwm, but none
the less 1s highly relevant to a basic understanding of genetics. In addition, it
is ditficult 10 see whatl understanding students could have of the basic
principles ol genetic enginesring if they are unaware of the relationship
between these structures.  Understanding these basic principles was a
requirement of the 1991 National Curriculum at KS4, hoth within the
Programme of Study and the Statcments of Attainment (Lewvel 10).

Students” awareness of the relative size and scale of these structures is also
likely o influence their attitude towards the use of genetic engineering.
During preliminary work in schools it was clear that the image of genetic
engineering held by a number of students was of something equivalent to
invasive surgery - large pieces of an animal being removed and transferred
elsewhere! Not surprisingly, such students tended to disapprove of genetic
engineering, considering it to be unfair on animals,
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4.1.2

4.2

4.1.1

4.2.2

Critigque of the probe

Some difficulties were encountered in designing this probe, We wanted to
probe students” understanding of the relationship between these six different
structures. Asking students to arrange the structures in sequence by order of
size might appear a very simplistic way ol approaching this, but it has the
advantage of being a relatively unambiguous instruction. Although “size’ is
open to interpretation (this is discussed in more detail below) these alternative
interpretations did in part reflect students ideas about the nature of the
relationship between the different structures. We also anticipated some
students having difficulty with the word orgamism. However, we were
interested in their understanding of the general nature of the relationship
betwesn these structures, as applied 1o any eukarvotic organism, and so we
were reluctant to substitute a specific plant or animal.

Analvsis of the data
Our sample size [or this probe was 482 (100% of those laking part). For a
breakdown of the cxact numbers responding to cach question see Appendix

3b).

The terms
Students were asked to tick the terms which they had heard of. The results
are shown in Table 4.1.

Table 4.1 - Which of the following terms had students heard of?

Yes no

cell 99.8% (481) 0.2% (1)
chromosome 05.6% (4611 4.4% (21)
gene 99 0% (477 1.0% (5)
DNA 00.7% (437) 9,30, (45)
organism 08.3% (474) 1.7% ()
nucleus 59.0% (477} 1.0% (3)

The sequence

Those responses which were ambiguous ep. suppgesting more than one
sequence, were considered invalid for the purpose of this analysis and
excluded. Incomplete sequences were also excluded as it was not possible to
analyse them further without making assumptions which the data could not
support. Only those responses which sequenced all six items unambiguously
were used in the analysis below. Together, these 400 responses suggested
164 ditlerent sequences for the six items. These clearly needed to be grouped
in some way in order to have any meaning.

One scientifically acceptable way of sequencing these structures by size
would be organism, cell, nuclens, chromosome, DNA, geme. The implication

16
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here is that a geng is a section of DNA and is therefore placed after it in the
sequence. An equally valid interpretation, related to structure and function, 1s
that a gene is made up of DNA, hence the sequence organism, cell, nicleus,
chromosome, gene, DNA. However, if the total length of ‘unpacked’ IINA is
taken into account, a third sequence might be organism, cell, ruclens, 1WA,
chromosome, gene. Decause all three responses arc consistent with a
scientific view of the relationship between these structures we grouped them
together. However, it should be kept in mind (hat they might also have arisen
from puesswork or a random assortment of the terms! The [indings are
summarised in Tahle 4.2, Full details can be found in Appendix 3i(c).

234 students (58.5% of the analysis group) began their sequence *organism,

cefl..” Of these:-

e 70 (17.3% of the analvsis group) thought that “chromosome’ was bigger
than ‘rucleus”;

w75 {19%) thought thal *geme’ was bigger than “nucleus’;

o 101 (25%) thought that “gere’ was bigger than “chromosome’,

140 students (35% of the analvsis group) began with the sequence “orgarism,
cell, muclens... ' Of these, 85 (21% of the analysis group) produced a
scienlifically valid sequence, as described above.

87 students (22% of the analysis group) did not bepgin the sequence with
‘organisn”

Table 4.2 - Summary of findings from the Size Sequence probe
frof all of these categories are mutually exclusive)

Type of response _  Number of responses

1. Bezan the sequence -
organism, cell..
a. and considered “chromosome’ to be bigger than
‘nucleus”
b. and considerad “gere’ 10 be bigeer than ‘muclens

¢. and considered *gene ” to be bigzer than
‘chromosome’

e s

234 (58.7%)
T0 {17.5%)
75 (18.8%)

101 (25.3%)

2. Began the sequence -
organism, cell, nucleus, .,
a. and gave a scientifically valid sequence ending:-
chromosome, DNA, gene
or  DINA, chromosome, gene
or chromosome, gene, DNA

140 (35.0%)

85 (21.3%)

3. I¥id not begin the sequenee with
forganizm’

87 (21.7%)

17
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Working Paper 2: Understanding of basic geweticy and DINA technelogy

Discussion of results

The terms

Most students (more than 98%) said that they had heard of cell, gene
organism and ruclews. There was slightly less confidence aboul chromosome
and N4, 1 in 20 did not appear to have heard of chromosome and 1 1n 10 did
not appear to have heard of N4, 89% of all students said that they had heard
of all six terms. It should be noted that responses to this question only tell us
which terms students say they have heard of. It does not reveal their
understanding of the terms.

The sequence

While problems in sequencing ‘chromosame, gene, DNA' were anticipated
{as described in Section 4.2.2) only about one third of responses began their
sequence ‘organism, cell, muclens’ - a seemingly straightforward size
sequence. One reason for this might be students’ perception of chromosomes.
Chromosomes are only visible during cell division, when the nucleus has
broken down. At this stage they might easily appear to be larger than the
original nucleus, While students who thought a chromosome was larger than
# nugleus clearly don’t have a full understanding of the relationship hetween
the structures, they may have an awareness of the relationship during cell
division,

One quarter ol all students smd that ‘gere " was higger than ‘chromosome ',
suggesting a major confusion about the relationship between genes and
chromosomes. This confusion was also evident in findings from ‘Livikg
Things " (see section 3.3) and “Bislogical Terms’ (see sections 6.2.2, 6.2.3 and
6.3,

The 1 in 5 students who failed to put “orgarism’ first appear 10 have little
understanding of the relationship between structures, although in some cases

it may also reflect their lack ol understanding of the term ‘organism’ or
perhaps a confusion between ‘organism’ and ‘organelle’.

1 in 5 students did appear to have a scientifically wvalid view of the

relationship between these structures as defined in Section 4.2.2 but this
number is likely to include some who guessed.

18
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Lh

5.1
5.1.1

3.1.2

The Living Things probe

The probe

Design of the probe

Thiz probe (see Appendix 4a) was designed to investigate the following

ATEAS:-

1. students” awareness of the range of living things;

2, students’ awareness of the cellular nature of living things - that maost living
things arc made up of cells; that all but the smallest are made up of many
cells:

3, students’ awareness of the relationship between chromosomes and penetic
information - that chromosomes always contain genetic information: that
genetic information is not always held in chromosomes;

4. students’ awareness that all living things contain genetic information.

It covers the following conceptual areas:-

ALk knowledge of terminology for a range of organisms,

A2e: understanding of the relationship between structures and
ASfiii)a: awareness that all organisms contain genetic information
(see Appendices 1 and 2).

By investigating these arcas it was possible to make inferences about
sludents”  understanding ol the relationship between  organism,  cell,
chromosome and genetic information and their understanding of the
similarities and differences of this relationship in different living things.

Students” awareness of these points have imporiant implications, not just for
their understanding of DINA technologies but also for their attitudes towards
the various applications of the technology. Without an understanding that all
organisms contain genetic information it is difficult to see how students could
make sense of the basic principles of genetic engineering - that a gene can be
taken or copicd from one organism and transferred to another, not necessarily
ol the same species. Without a concept of the cell in relation to the whole
organism it is easy to see how students can be conlused about the relative
scale of genetic engineering.  As mentioned in section 4.1.1, preliminary
findings showed that a number of students had little idea of the relative scale
ol dillerent structures and therefore pictured penetic engineering as being on
a similar scale to major surgery. As a consequence they were concerned that
1 ammals were used it would cause them physical pain,

Structure of the probe

Students were asked a series of fixed response questions about 7 different
groups of organisms ;-

trees, mammals, ferns, viruses, fungi, bacteria and insects.

The questions were :-
a) Have you heard of these organisms?

19
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b} How many cells do you think each organizm is made up of?
¢) Does it contain chromosomes?
d} Does it contain genetic information?

All the questions followed a similar format (see Figure 5.1). The complete
probe 1s shown in Appendix 4a.

Figure 5.1 - Formal of the Living Things probe

513

b How many cells do vou think each organizm is made up of?

i tree

For each organism please tick only ONE box,

fone CHbe don't know

o mamimal

a fern

a virus

8 fungus

a bacteriom

an insect

Ooooopo
Onooop|o
Nopoopo

Critigque of the probe

The types of organism were chosen to reflect the range of living things. Both
eukaryotic organisms (trees, mammals, ferns, fungi and insects), prokaryotic
organisms (hacteria) and viruses were included. While all living things
contain genetic information it is organised differently in these different types
of organism, In addition, cukarvotes tend to be multicellular, prokarvotes tend
to be unicellular and viruses have no cell structure.  These differences have
implications for the usefulness of these different types of organism in gene
technology and the ways in which their genetic material can be manipulated.

Preliminary work suggested that some students would be unlamiliar with the
singular form of some of the names e.g. bacterium, This was overcome by
using the plural form in the first question.

This probe was called Living Things. The title told students that it was asking
themn about living things and the text stated that the catepories were all
organisms. With this design we didn’t feel it was necessary to confirm that
students knew that each of these organisms way living, In view of our
findings (section 5.2.4), perhaps we should have.

20
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Analysis of the data

Ouwr sample size for this probe was 482 {100% of those taking part). For a
breakdown of the exact numbers responding to each question see Appendix
4b,

‘Have you heard of the following organisms?’

There were 474 responses to this question, but not all of them were complete,
The frequency of each response is shown in Table 3.1, The percentage refers
to those answering that part of the question.

Table 5.1 - The freguency of responses to "Have you heard of.. 7’

Yes no
trees 464 (98%0) 10 (2%0)
(n=474) -
mammals 464 (98%) 10 {2%0)

(n =474)

ferns 404 (86,5%) 63 (13.5%)
in = 467)

viruses 434 (93%4) 34 (7%)

(n = 468) | I
fungi 460 (97%) 12 (3%)
n=472)

hacteria 468 (997 6 (1%%)
in=474)

inscets 467 (98.5%) T(1.5%)
(n=474)

The two groups of organisms with which students were least familiar were
terns (13.53% of those answering stated that they had not heard of fermns and 7
students chose not to respond to this item) and viruses (7% of those
answering stated that they had not heard of viruses and 6 students chose not
to respond to this item). At least 97% of the students had heard of all the
other tvpes of organism. Although 99% of respondents said that they had
heard of bacteria only 98% said that they had heard of trees. It seems
unlikely that more students would have heard of bacteria than had heard of
trees and the suspicion must be that some students felt that the guestion on
trees was beneath them and responded accordingly. The guestion on
mammals might also fall into this category. Apain, 2% said that they had not
heard of them. However, in this case half of those who hadn’t heard of
mamimals were in the lower ability sets and none were in the upper ability
sets, In the case of trees, the majority of negative responses were found in the
middle ability sets, with one in an upper ability set.

Perhaps not surprisingly in view of the above findings, there appeared to be
no relationship between whether or not a student said they had heard of an
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organism in this section and whether or not they answered subsequent
questions aboul thal same organism,

5.2.2  ‘*How many cells is each organism made up of?*

There were 473 responses to this guestion, but not all of them were complete,

The frequency of cach response is shown in Table 3.2, The percentages refer

to those answering that part of the question.

Table 5.2 - ‘How many cells do they contain?’
none | one many don’t know

trees 36 (7.6%) 34 (7.2%) 353 (74.8%) 49 (10.4%)
(n =472) )
mammals 2 (0.4%) 17 (3.6%) 426 (90.1%) 28 (5.9%)
{n=473)
ferns 31 (6.7%) 51 (10.9%) 267 (37.3%) 117 (25.1%)
{n = 466) -
viruses 27 (5.7%) 180 {38.1%) 170 {36,090 95 (20.1%)
(n=472)
fungi 23 (4.9%) 103 (21.9%) 266 (36.6%) 78 (16.6%)
{n = 470)
bacteria 17 (3.6%) 227 (48.1%) 170 (36.0H%) 58 (12.3%)
(n=471)
insects 8 (1.7%) 54 (11.4%) 361 (76.3%) 50 (10.6%)
(n=473)

The distribution of responses 13 shown in Figure 5.2 below,

Figure 5.2 - “How many cefls...?
10
an-

Percentage of Responsas

g

2

=

Murber of Cells
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In general, students were more aware of the cellular nature of animals than of
plants. 4 out of 5 students said that mammals were made up of many cells but
only 3 out of 4 thought the same was true for trees. Conversely 7% thought
that trees were made up of only one cell, but only 3% thought the same was
true for mammals, 8% thought thal trees contained no cells at all. When the
responses to ferns, fungi and insects are considered, this conceptual
difference in their perception of animals compared with other eukarvotic
arganizms appears to be consistent,

Students seemed to have a better understanding of the cellular nature of
bacteria than they did of trees. Almost one half of all responses lor bacleria
saidd that they had only one cell. This compared with just over one third who
said that bacteria had many cells. There was also some awareness of
differences between bacteria and viruses. While similar numbers of students
thought that viruses had many cells, slightly more thought that they had no
cells (6% compared with 426 for bacteria).

5.2.3 ‘Do they contain chromosomes?*
There were 474 responses to this question, but not all of them were complete.
The frequency of each response 15 shown in Table 5.3, The percentages refer
to those answering that parl of the guestion.
Tahble 5.3 - ‘Do they confain cliromosomes’
ves no don't know
trees 228(48.5%) | 126(26.8%) 116 {24.7%)
{n=470)
mammals 413 (87.5%) 14 {3.0%) 45 (9.5%)
{n=472)
ferns 192 {40.8%) 139 (29.5%;) 140 {29.7%)
(n=471)
viruses 166 {35.3%) 162 {34.5%0) 142 {30.2%)
(n =470
fungi 192 {40, 8% 139 {29.5%) 140 (29.7%)
(n=471) _
bacteria 195 (41,5%) 143 (30.4%) 32 {28.1%)
(n = 470) __
insects 389 (82.1%) 20 {4.2%) 65 (13.7%)
(n =474)
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100

The distribution of these responses is shown in Figure 3.3 below.

Graph 5.3 - ‘Do they contain cliromosomes?’

Do they cortain chromosomes?

The conceptual difference in students perception of animals compared with
other cukarvotic organisms was alse apparent in their responses (o this
question. 9 out of 10 students thought that mammals contained chromosomes,
but less than half the sample thought that trees did. Again, this perception was
consistent when other cukarvotic organisms were considered. More than 3 in
5 students said that insects had chromosomes, compared with 2 in 5 for fems
or [ungi.

Viruses were thought to be slightly less likely than bacteria to contain
chromosomes (33% compared with 41%).

In general, levels of uncertainty were high for this question. Almost one
guarter ¢l the students didn’t know whether or not trees had chromosomes,
and this proportion rose to nearly two fifths for ferns, fungi, bacteria and
viruses.

‘Does it contain genetic information?*

There were 472 responses to this question, but not all of them were complete.
The Irequency ol each response 1s shown in Table 5.4, The percentage refers
1o those answering that part of the question.
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Table 5.4 - ‘Do they contain genetic information?’

ves no don’t know
trees 326 (69.1%) 81 (17.2%) 65 (13.8%)
(n=472)
- mammals 414 (91.6%) 8 (1.8%) 30 (6.6%)
(n = 452)
ferns 271 (57.7%) 73 (15.5%) 126 (26.8%)
(n = 470)
viruses 233 (49.6%) 122 (26.0%0 115 (24.5%)
(n=470)
fungi 264 (55.9%) 111 (23.5%) 97 (20.6%)
(n=472)
bacteria 260 (55.2%) 110 (23.4%) 101 (21.4%)
(n=471)
inscets 418 (BE.6%) 14 (3.0%) 40 (8.5%)
(n=471) o
The distribution of these responses is shown in Figure 5.4 below.
Figure 5.4 - ‘Do they contain genefic information?’
s
B =
[ rerrd
=

Do they contain genetic infformation?

The perceived differences between animals and other eukaryoles were still
apparent in the responses to this question. 9 oul of 10 students thought that
animals (mammals and insects) contained genetic information compared with
1in 7 for trees and just over half for femns and fungi.
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Slightly fewer students believed that viruses contained genetic information
than did bacteria.

For any one type of organism, between 8% and 30% of these students either
did not know if the organism contained genetic information or believed that it
did not. Assuming that they accepted that all these organisms were living, this
implies that one half of these students were not aware that all living things
contain genetic information. In which case, what ideas do they have about the
nature of genetic information? What do they think it does? What do they
think it is for? Students” understanding of the nature of genetic information
was also explored with the ‘Biological Terms ' probe. Findings from this are
reported in Section 6.2.7.

Iliscussion
The percentage of students who thought each organism contained cells,

contained chromosomes and contained genetic information are shown in
Table 5.5 below,

Table 5.5 - Summary of students’ views
fas a % of total responses to each guestion)

organism made up of made up of contain contain
one cell many cells chromosomes | genetic
information
a mammal 3.6 90.1 87.1 1.5
| an insect 11.4 76.3 81.7 884
a tree _ 1.2 748 483 68.9
a fern 10.9 ' 57.3 38.0 7.3
a fungus 219 36.6 4.6 55.8
2 bacterium 48.1 360 | 4132 551
a virus 38.1 36.0 35.2 49.5

Owverall, more students believed that organisms contain genetic information
than believed thal organisms contained chromosomes. As a general principle,
the 1dea thal organisms can contain genetic information without containing
chromosomes is scientifically valid. Viruses do not contain chromosomes,
nor do bacteria - although their circle of ‘naked” DINA is often referred to as a
chromosome. In contrast. all eukaryotic (complex, multicellular) organisms
have the same basic cell structure - an outer membrane enclosing the
cyloplasm, which contains the nucleus which contains the chromosomes. In
our sample there was lillle evidence that students were aware that
multicellular organisms had the same basic cell structure. Instead, the
majority seemed to relate the presence or absence of chromosomes to whether
or not the organism was an animal. This lack of understanding of the basic
structure of the cell 15 also reflected in findings from other probes (see
sections 4.3 and 6.3) and perhaps reflects the fact that the 1991 Mational

26



Warking Paper 2: Understanding of basic genatics and DNA technology

Curriculum does not explicitly demand that students should be aware of the
basic structure of the cell, although the Programme of Study at K54 does state
that:

‘rupils should explore and investigaie how flowering plants

cmed animals are rormally orgarised at the cellular and

muacroscopic levels ',

Nar was the relationship between chromosomes and genetic information - the
idea that chromosomes contain genetic information - well understoad, as can
be seen from the first column in Table 5.6b. Depending on the type of
organism, between 4% and 11% of responses suggest that it is possible to
have chromosomes without having genetic information.

Table 5.6 - Summary of students’ views on the relationship between
chromosomes and genetic information

fas a 24 af the total number of responses to both questions)

a) menetic information is present

+HC +G -C i N+ total
mammal 83.5 2.5 5.8 I
insect 8.0 2.1 .4 BE.5
tree 431 143 11.7 (9.1
fern 335 12.7 11.6 378
fungus il 13.7 11.5 56.2
bacteria L3 12.4 12.4 351
virus 24.0 13.9 11.3 492
+C - contains chromosomes =3 - conlains genetic inlormation

- - does not contlain chromosomes
T - unsure 1 it contains chromosomes

b) zenetic information might not be present

+C M MG, M0 -G tartal
+C -G L -G, -C M Ya
mammal 4.0 4.2 8.2
insect 4.5 1.0 11.5
tree = 254 309
fern 4.9 37.3 422
fungus o 3 341 43.8
bacteria 11.1 38 | 449
virus 0.8 40.0 50.8
+C - contains chromosomes G - does not contain genetic information
- - does not contain chromosomes 707 - unsure if it contains genetic
- unsure if it contains chromosomes information
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Substantial numbers of students appear to think that many organisms do not
contain either genetic information or chromosomes. This ranges from 40%
for viruses to 4% for mammals, This suggests that students either don’t
belicve that these organisms are living, or don’t believe that all living things
contain genetic information in some shape or form. In ecither case this has
important implications for their understanding of gene technology.
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6.1
h.l.1

6.1.2

The Biological Terms probe

The probe

Design of the probe

This probe (see Appendix 5a) was designed to investigate students’
knowledge and understanding of the terminology used in genctics, and also
gives some insight into their perception of the relationship between the
different structures.

It covers the following conceptual areas:-

Afa: terms related to basic genetics

A2k location of genes within cells

AZe: relationship between structures

A3a: penes code for protein

A36: genetic information is copied to pass on to new cells
Ada: asingle gene may exist in more than one form

(sce Appendices 1 and 2),

With the exception of *muclewns’ all of these terms are explicitly mentioned in
the National Curriculum, although chromosomes are only mentioned in the
examples rather than in the Programme of Study or the Statements of
Attainment. The inclusion of the nucleus 15 implied in the Programme of
Study. where it states that:-

‘pupils should explore and investigate how flowering planis

and mammals are normally organised af cellwlar  ond

macroycopic levely ',

A knowledge ol these (erms, weether with an understanding of their location
and function, would form an essential base for understanding genetics and

DMA technology.

Structure of the probe

This probe asked students about & biological terms and was organised into six
parts, one for each term. The terms were genes, DNA, muclens, chromosomes,
aflfeley and genefic information.

Each part followed a similar format. [t began with a fixed response section
asking students to tick one box, indicating their familiarity with the term.
This was then followed by a series of more open response guestions which
probed the student’s understanding of the meaning of the term. An example
ol this [ormal can be seen in Diagram 6.1. The whole probe can be seen in
Appendix 5a.

Eesponses to some of these questions might have differed, depending on
which organism the student had in mind when answering the guestion. To
overcome this students were directed to answer in relation to their own bodies
{see question (a) in Figure 6.1).
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Critigue of the probe

The probe was initially designed to investigate students knowledge and
understanding of various terms. However, a comparison of their responses to
the questions *Whar is this structure made up of 7" and “Why is i importani?’
also gave further insights into their understanding of the relationship between
Vanous sirucires,

Figure 6.1 - Part 1 of the Bislogical Terms probe

Tick ONE Box
I have never heard of genes
I hawve heard of genes but don’t really know what penes are

I have heard of genes and could say something abowt genas

10O

Now, (vou can, please onswer She following qguesiions. I vow can T orswer
o guesion, medse put a oresy deside i

#} Where, in vour body, are genes lound?

&1 What are renes made up of 7

c] Why are genes importont?

At times there was some overlap in the responses to two related guestions.
For example, a response to ‘What does the muclens contain?’ might be
‘chromosomes’ and a response o 'Wha! is the function of the nucleus? " might
be “to contain chromosomes®. In these cases answers to both questions were
considered together for the purpose of coding. Those aspects of the answers
relating to a specific code were then picked out.

Although the guestions made students consider the terms and what they
meant in more depth than they might have been used to. the gquestions could
be answered at dillerent levels depending on the ability and understanding of
the student. What we were looking for were responses which would be
consistent with a scientific view (at any level) and responses which suggested
an alternative or conflicting view. For example ‘genetic marerial’ and ‘genes
muaele up of YA are both scientifically valid responses to the question * o
are chromosomes made up of7 even though one is very general and one is
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0.1.4

6.2

6.2.1

more specific bul the response Yots of lirdle cells” suggests a quite different
conception about chromosomes which is not consistent with a scientific
understanding,

Coding and analysis of the probe

Each part of the probe began with the same fixed response section. The
original purposc of this seetion was to determine what proportion of the
sample had heard of ecach term and thought that they could say something
about it. There were three alternative answers .-

& [ have rever heard of ...,
o Lhave heard of ... but don't really know whal they are ',
o Thoave heard of .. and could say something about them

Students who said that they could say something about a particular term
didn’t alwavs go on to answer the subsequent questions. The reverse was
also true, some students who indicated that they could say nothing about a
particular term then did go on to answer the subsequent questions, Some
students bypassed the fixed response guestion altogether and went siraight 1o
the subsequent questions.

Becanse of this there was no clear cut relationship between answers to the
fixed response section and answers to subsequent gquestions. Analysis of the
fixed response section has therefore been simplified into students who said
that they had heard of the term (combining those who said that they could say
something about it and those who said that they could not) and students who
said that they had not heard of the term. In all cases, answers to the more
open questions were considered independently of a student’s answer to the
fixed response section.

Although the probe was set out in six separate parts, a major part of the
analysis focuses on the relationship between the responses to each part. For
this reason, Section 6.2 reports on themes which min across the different parts
e.2. the location of structures, the importance of structures ete. An outline of
the coding scheme for cach part of the probe can be seen in Appendix e,
parts 1-6.

Analysis of the data

Our sample size for this probe was 478 (99% of those taking part). For a
breakdown of the exact numbers responding o each guesiion see Appendix
alh).

‘Have you heard of...7"

As explained in Section 6.1.4, some of the responses 1o this fixed response
saction were combined. The results are shown in Figure 6.2,
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Figure 6.2 - The percentage of students who had heard of each term
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All students answering this guestion had previously answered the ‘¥ize
Seguence’ probe, where they had also been asked if they had heard of “gene’,
‘ruclens’, “chromosome’ and “DNA'. As a result we might have expected an
increase here in the number of students saying that they had heard of these
four terms. This was not the case. Only 04" showed a slight increase, The
number of students saying that they had heard of “chromosome’ romained
about the same and the numbers of students saying that they had heard of
‘gene’ and “nuclens’ actually went down,

Drespite the lact that “elleles” are explicitly mentioned within the National
Curriculum (Statement of Attainment, level 8c¢) and that the majonty of this
sample had been taught genetics, only 37% said that they had heard of
‘alleles’. The implications of this will be considered in Section 6.3, together
with relevant findings from ather parts of this probe

15% of students said that they hadn't heard of ‘geretic informeaiion’ although

the concepl thal genes contain information is taught at KS3 (Programme of
Study for AT2), which all of these students had completed.

6.2.2 “Where are ... found?’
This question was asked in respect of four terms: geres, [INA, muclens and
chromosomes.
The findings for cach term are given below.

Genes (Part 1)
The frequencies of the main responses are shown in Table 6.1,

About 3/4 of all responses indicated in various ways that genes are found
everywhere., This type of response covered a spectrum from extremely vague
(‘they're found evervwhere') (o highly specific (im the DNAD. The
freguencies of the diflerent response are shown in Table 6.1,
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Table 6.1 - Frequency of main responses to * Where are genes found?”’
fondy the main categories are given here)

coding categaries number of responses
Throughout 276

- vague, everywhere a0

- in cells 118

- in the nucleus 19

- in the chromosomes | 40

-in DNA ‘ 9
Specific areas only 94

- reproduchive sysiem 3%

number of students asked - 477
number of students responding - 370 (78%)

The remainder indicated that genes were only found in specific regions of the
body and sugzested a wide range of structures, chemicals or fluids were genes
might be found. The specilic area most [requently mentioned was the
repraductive system (10% of responses). About one third of these explicitly
mentioned the male reproductive system and two thirds were non specific. No
one explicitly mentioned the female reproductive system.

In total, about half of all responses stated that genes are found somewhere
within all cells and about a gquarter thought that genes were only found in
some parts of the body or only in certain cells. This has important
implications for their understanding of genetics and will be discussed with
other relevant data in Section 8.

DNA (Part 2)
The frequencies of the main responses are shown in Table 6.2,

Almost 0% of all responses indicated in various ways that DNA is found
everywhere. The most frequent response was ‘in the genes’ (21%) closely
fellowed by the more general response ‘in cells” {19%). The low response
rate for the nucleus and the chromosomes sugpests that students are uncertain
as to how either of these structures relate to DNA. In all 34% ol responses
indicated that DINA was found within the nucleus, chromosomes or DNA,
This is similar to the response to ‘Size Sequence ' (35%, see Section 4.2).

Of those who suggested that DNA was only found in certain arcas (about
30%), the most frequent alternative response was ‘in the bloed”™ (21%) - a
similar number to those specifying ‘in the genes’. It is not possible 1o tell
[rom these written responses whether there is a genuine misunderstanding
that DNA is only found in blood or whether “blood” is simply being used as a
specific  example of cells containing DNA. If it is a genvine
misunderstanding, it might be related to the use of blood in DNA testing, and
the frequent references to this fact in the media, for example when reporting
on crime, An alternative possibility, that DNA is connected to inheritance and
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might therefore be considered to be “in the blood” seems unlikely as there are
no comparable findings for “gene’ or ‘chromosome’,

Table 6.2 - Frequency of main responses to * Where is DNA found?
farly the main categories arve given here)

| Coding categories Number of responses
| Throughout 206
- vague, everywhere 47
- in cells 37
- in the nucleus 19
- in the chromosomes 21
- in the genes 62
Specific areas only 85
- blood - 64
Other ' 7

number of students asked - 478
number of students responding - 298 (62%)

Nucleus (Part 3)
The frequencies of the main responses are shown in Table 6.3 below.,

Table 6.3 - Frequency of main responses to “Where iy the
nuclens found?*
fonl) the main categories are glven here)

coding categories | number of responses
in cells 349
- all cells 142
- certain cells (blood, gametes, skin) 7
in atnms - T 9
other 34 '

number of students asked - 475
number of students responding - 392 (82.5%)

Mast students had a clear understanding of the location of the nucleus, There
was 8 good response rate to this question and 89% of these responses said that
the nucleus was found in cells, A small number of these thought that it was
only found in certain types of cell most usually blood, gametes or skin.

The other group of interest were the lew who thought it was found inside an
atom. This confusion between the biological and the physics use of the word

‘nucleus” was consisten! across several questions {see Sections 6.2.4 and
6.2.6).

Chromosomes {Part 4)
The frequencies of the main responses are shown in Table 6.4.
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6.2.3

Table 6.4 - Frequency of main responses to *Where are the
chromosomes found?®”
fonly the main categories are given here)

Coding categories Number of responses
within cells 190
- nom-specilic 80
- in‘around the nucleuns 63
- in genesDNA 45
within the body 84
- non-specific 38
- in the reproductive system 34
- in the bood _ 11
other | 4

number of students asked - 476
number of students responding - 278 (58.4%)

The majority of responses (69%) placed chromosomes within cells. Of
particular interest are the 17% of responses (nearly 1 in 10 of all those asked)
who placed chromaosomes within genes or DNA, While these students were
clearly aware that these structures are relaled (something which 60% of
students did not seem to be aware of) they have a confused understanding of
what that relationship might be. This echoes findings from the ‘Size
Seguence ' (Section 4). The possible explanations for, and implications of, this
confusion about chromosomes are discussed in Sections 4.3 and 8,

Almost a third of the remaining responses placed chromosomes somewhere in
the whole body and about one third of these specilied the reproductive
S¥stem,

‘“Why are.... important?”

This question was asked in respect of three terms: gemes. DNA, and
CArgmosomes.

The findings for cach term are given below,

Genes (Part 1)
The frequencies of the main responses are shown in Table 6.5,

73% of all responses referred (o the determination of characteristics, The
majority of these were vague or referred to physical characteristics, A few
also referred to mental, emotional or behavioural characteristics.

The majority of those who referred to carrying and passing on information
specilically related it to inheritance across generations, and the similarity of
teatures within the family.

Lak
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Table 6.5 - Frequency of main responses to * Why are genes important?
{These responses are nol mutnally exclusive, only the main categories are

given here)

Coding categories Number of responses |
‘determine characteristics 280

- unspeeified 154

- physical 126

- mental/emotional/behavioural 23
carrvitransfer information 52

- between generations (individuals) 36
control 15

number of students asked - 477
number of students responding - 383 (80.3%)

4 out of 5 students were able to respond to this question and they showed a
good understanding of the various functions of genes, Although the focus was
on determination of characteristics. there was also some awareness that
information in the genes was passed on in some form and even that genes
were implicated in the regulation and development of the body.

DNA (Part 2)
The frequencies of the main responses are shown in Table 6.6,

Table 6.6 - Frequency of main responses to *Why is DNA important?
{These responses are rot mutually exclusive, only the main calegories are
given here)

Coding categories Number of responses
defines living things 145
- [} and characteristics (individnals) %3
- information needed for life 47
- I} and characteristics {organisms) 4 |
- refers to a code 11 |
provides information (explicit) 35
- non-specific 24
- production of proteins 4
- transfer of information 7
provides information (implicit) 31
social use of information 32
- - genefic fingerprinting 11

nutmber of students asked - 478
number of students responding - 246 (51.3%)

More than half of the responses (39%) said that DNA delined living things. In

most cases (34% of responses) what was meanl by this was personal/unique
identification of individuals, In other cases it meant the information needed
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for life - “the blue print for life’(19%). Roughly 5% referred to a code of
some 501l

27% of responses (in total) suggested that the important role of DNA was 1o
provide an organism with information. Some respenses explicitly mentionsd
information, usually in a vague way, although a small number of these
specifically mentioned the production of proteins or the transfer of
information. Others referred to fumctions of DNA eg. repair of cells,
reproduction of genes or chromosomes, production of new cells. In these
cases, although ‘information’ was never mentioned, the implicit assumption
seemed to be that DNA provided the information which was needed in order
ta develop the structure or perform the function.

A smaller but still substantial number of responses (13%) did not consider the
biological importance of DNA at all, but focused instead on its social
importance - the ways in which people can use DNA, The use most
frequently referred to was genetic fingerprinting (5% of all responses),

Chromosomes (Part 4)
The frequencies of the main responses are shown in Table 6.7 below.

Table 6.7 - Frequeney of main responses to * Why are
chromosomes important?
(These responses are nof mufually exclusive; only the main
categories are given here)

Coding categories Number of responses

determine characteristics 119
- sex detlermination 29
- development/function 20

- vague/other 70
| refer to number/type/content 33
- number 11

- content 19
transfer of information 22
- cell division {explicit) [
social uses T

number of students asked - 476
number of students responding - 189 (39, 7%)

Only 39.7% of those asked were able to make suggestions here. Of those who
did respond, the most frequently expressed view was that chromosomes
determined the characteristics of cells or individuals (63%). Some of these
specifically mentioned sex determination (15%), a few referred to contral of
development and function of the ¢ell or organism (11%), the majority were
rather vague, From these responses it seems likely that the majority make no
clear distinction between genes and chromosomes,
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6.2.4

18% of responses focused on chromosome number, tyvpe or content. While
some (%) mentioned mumber and it's importance, mentioning Down's
syndrome for example, 8 majority (10%) locused on chromosome content -
genes, DNA, genetic information.

Although 12% of responses focused on the transfer of information, only a
quarter (3% of all responses) specifically referred to cell division - the
function of chromosomes which we might expect these students to be mosl
aware of.

As with DNA a small number of students (4%) considered the social rather
than the biclogical importance of chromosomes, for example their importance
in prenatal screcning for the detection of Down's syndrome.

“What is the function of the nucleus’
The frequencies of the main responses are shown in Table 6.8 below.

Table 6.8 - Frequency of main responses to *What is the function
of the nucfens?*
(These responses are nof mutually exclusive; only the main
categaries are given here)

Coding categories Number of responses

control of the cell 119

- general 105

- controls cell division g
reproduction 12

- non specific 5

- to produce more cells f
other functions 45

- stores carries information 21

- contains genetic material 11

- keeps cell alive 3
relates to brain analogy 25

- appropriate use 22

- inappropriate use &
relates to atomic structure ]

number of students asked - 475
number of students responding - 232 (48.8%)

Although worded differently this question is probing a similar area to that
probed in the last section (6.2.3) namely, what do students think these
structures are for? What do they think these structures do?

Almost hall’ of the students responded to this gquestion. The majority of
responses (31%a) said that 1t controlled the cell, This was usually expressed in
a very gencral way but a few (3% of all responses) specifically mentioned
control of cell division.
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3% of responses linked the nucleus with reproduction. About hall’ ol these
explicitly mentioned production of more cells. Most of the remainder were
very general.

The other functions mentioned in the responses are listed in Table 6.8 above,
There was a substantial group (12%) who described the function of the
nucleus through analogy with the brain. The majority did this suecessfully
bul some students had clearly been misled by the use of this analogy and
seemed to believe that the nucleus functioned in similar ways to the nervous
svstem.

Confusion with atomic structures was again apparent in 2% of responses.

“Whalt are ... made up of?*
This question was asked in respect of two terms: “genes ' and ‘chromosomes .
The findings for each term are given below.

Czenes (Part 1)
The frequencies of the main responses are shown in Table 6.9 below.

Table 6.2 - Frequency of main responses to *What are genes made up of
(These rexponses are nof miually exclusive; only the main
calegaries are given here)

Coding categories | Number of F&ﬁﬁsm
cells and cell structures 104
- cells 49
- chromosomes 119
- nuclaus 2
renetic materials 84
| -DNA &7
- alleles f
other biological material R
- proteins/aming acids 4
| information o 21
- general 19
- menlions codes 2
| relate to inheritance 19

number of students asked - 477
number of students responding - 307 (64.4%;

More than half of the responses (33%) supgested that genes were made up of
structures that are actually much bigper than a gene - chromosome (39% of
responses) and cell (16% of responses). This highlights the confusion, already
evident from other questions and probes, about the relationship between
structures.
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Maost of the responses in the other main categories were scientifically valid,
each category representing a dilferent area that students chose to focus on
The inclusion of proteins and amino acids under “other hiological matenal’
suggests a potential confusion between nucleic acids and amino acids or
between structure {nucleic acids) and function (production of proteins). In one
¢ase this confusion was quite explicit:-

‘Genes are made up of.protein based maierials called DNA',

The numbers giving this type of response to this question are very low bul
this might reflect the small number of students who have reached this level of
understanding of genetics. It might be a more significant source of confusion
for post 16 students who are working at a higher level,

Chromosomes (Part 4)
The frequencies of the main responses are shown in Table 6.10 below.

Table 6.10 - Freguency of main responses to * Hhal are chromosomes
mrade ap of 7
{These responses are rot mutually exclusive, only the main
categaries are given here)

Coding catepories Number of responses

penetic structures 109

- genes (general) 43

- genes (in different forms) Q

- DMNA 67
information 0
cells ' 23 o

- one cell i

- a mix of cells 20
other chromosomes 15

-Xand ¥ 14
other biological material 3

- proteins/amine acids 2

number of students asked - 476
number of students responding - 172 (36.1%)

Only about one third of students were able to respond to this question, but the
majority of the responses (7094) were scientifically valid.

The response “other chromosomes’ (9%) scems inexplicable at first but the
emphasis on sex determination (X and Y) together with the number of
responses which say that chromosomes are made up of cells (13%5), suggests
a possible confusion here with gametes.

The mention of proteins and nuecleic acids, under “biological materials’, might
mndicate a pood understanding of chromosome structure (that it is made up of
nuclele acids and proteins) but might equally indicate the possible
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misunderstanding noted above in “genes’. Apain, numbers are oo small o
attach any great significance (o these responses,

6.2.6  “What does the nucleus contain?’
The frequencies of the main responses are shown in Table 6.11.

Table 6.11 - Frequency of main responses to * What does the
nuclens contain
{( These responses are rol mudually exclusive; only the main
colegories are given here)

' coding categories number of
responses

genetic materials %6

- chromosomes 70

- gCNes 4]

-DNA 33
information - 66

- unspecified 32

- information about the cell 14

- penctic information 14
cells/lots of cells 9
relate to reproduction b
pther chemicals/structures 15
(appropriate)

- liquid‘plasma 1

- membranes 4
other chemicals/structures | 5
(inappropriate) i
atomic structures | 34

- prolons and neutrons 0
relates to brain analogy ]

number of students asked - 473
number of students responding - 272 {57.3%)

This question is related both to Section 6.2.2 and Section 6.2.3. It prompts
students to consider the function of the nucleus by asking them to think about
the contents of the nucleus. It also probes their understanding of the physical
structure of the nucleus and the relationship between different structures
within the cell,

The majority ol the responses (66%) were scientifically valid. A substantial
minority {11%) were confused between the use of “nuclevs’ in biology and
the use of “nucleus’ 1n physics, giving responses which related to atomic
slruciure,
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Responses which related to reproduction included ‘seeds’, “fittle iadpoles’,
‘muclei ' and “ovaries These, together with the “cells’ type of response (6%
of response altogether) suggest a possible confusion with pametes - as already
seen for chromosomes in Section 6.2.5. This begins to suggest confusion
between structures at a quite different level - not just about the structures
within cells but also between cells; nol just about the relationship between
structures, between structures and cells and between cells but also about their
functions. These areas are investigated through other probes and the findings
are reported in Working Papers 3 and 4 {Wood-Robinson e @l in
preparation; Lewis ef af, in preparation),

“What is meant by...?*

This question was asked, in different forms, of two terms: “alleles’ and
‘reneiic information’,

The findings for each term are given below.

Alleles (Part 5)
The frequencies of the main responses are shown in Table 6.12 below.

Table 6.12 - Frequency of main responses to *How would you
describe an allele?
{These responses are not mutually exclusive; only the main
categories are given here)

coding categories number of responses
as characteristics 23
- in general 11
- refers to relationship between genes 12
as a gene 4
related to genes 3
as a chromosome 11
- related to sex determination f
related to chromosomes 4 o

number of students asked - 474
number of students responding - 37 {12%:)

Only 12% of those asked were able to respond to this question and only 40%,
of those responding clearly linked alleles with the determination of
characteristics. About half of these responses explicitly mentioned different
lorms of a characteristic e.g, “black hair” or referred 10 dominance in some
form. A smaller group (7% ol these responses) who equated allele with gene
made no reference to gene expression and appeared to make no distinetion
hetween gene and allele.

The sccond substantial group were those who equated allele with
chromosome, or a substantial part of one - ‘pairs of X and ¥ chromosomes’,
‘a hand on a chromosome |, “one side of a chromosome ' (26% of responses
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altogether). This again suggests the confusion about the relationship hetween
structures seen in response to other questions.

It is difficult to identify meaningful patterns of response with such small
numners.

(zenetic Information (Part 6)
The frequencies of the main responses are shown 1n Table 6,13,

Table 6.13 - Frequency of main responses to * What is meant by
genetic information?
(These responses are nol mufually exclusive; only the main
categories are given here)

coding categories number of responses
information which is stored 79
- non-specilic 6d
- a3 a code - 15
information which gives instructions - 112
- contro] of cell f
- determination of characteristics 106
information which is passed on 48
- between people (gencral) 42
- hetween people (in sperm) 2
- between cells f
information which can be used (social aspects) 40
a) information obtained from an organism 26
b)) application of information gained through (a) 12

number of students asked - 474
number of students responding - 276 (58.6%)

Although there was quite a good response rate for this question a number of
the responses  were  tautologous, Responses which  said  that  genehic
information was information found in the genes gave liftle insight into the
students understanding of the concept and arc not included in Table 6.13.

The most frequent response (41%) suggested that genetic information gives
instructions - either for control of the cells {2%) or for determination of
charactenstics (38%).

Crverall the majority ol responses indicated a reasonable bul possibly limited
understanding of ‘geretic information’. However, about half of those asked
could say little or nothing about genetic information.

As in Section 6.2.3, a number of responses (15%) focused on social
implications rather than biological meanings, Roughly two thirds of these
considered the knowledge we could gain by investigating the genetic
information found in organisms and one third considered the uses which we
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6.3

could make of this knowledge onece it was available eg. screening, genetic
engingering. In one case the distinetion between the two was uncertain -
genetic information means:-

welentific cells which appear in animaly e.g. sheep in Scotland "

Discussion of results

Uncertainty about the relationship between structures, confusion between
genes and chromosomes and a belief that genetic material 1s only found 1n
certain types of cell were all common findings, consistent between the
different parts and different questions within this probe.

These findings might go some way (o explaining why students find the
concept of alleles so difficull 1o grasp. Despite the explicit mention of alleles
in the {1991 National Curriculum, Statement of Allainment, Level 8 ¢):-

‘pupils showld wnderstand the principles of o monkyvbrid
crowy imvodving dominant and recessive alleles’

Many students said that they had never heard of alleles and only 12 % of
students attempted to describe an allele, While knowledge of the term “allele’
is not essential for an understanding of inheritance, an understanding of the
congept is.

Grenes may ocecur in different forms. A gene for fir colour in rabbits, for

example, may have a black form or a white form, These two forms are two

different alleles of the same fur colour gene, Alleles can be therelore be

desceribed as dillerentl forms ol the same gene. However, understanding that

genes can have different forms 15 not enough for a full understanding of the

concept, An awareness of the relationship between alleles, and  the

implications of this relationship, are also needed. This would regoire an

understanding that:-

& there are usually two copies of each gene in somatic cells

» these two copies may have the same or different forms (alleles)

o the outward appearance (phenotype) is determined by the relationship
between these two forms

* pametes contain only onc copy of each gene, hence only one of the two
possible forms,

Students who are confused about the relationship between penes and
chromosomes and the different functions of each, and who have little
undlerstanding of the location of genetic structures within the cell, are unlikely
to have much awarencss of the points above. Without such awareness it
would be difficult to understand “allele’ as anything other than another word
for gene, The use of a second word which appears to mean the same thing as
‘gene’ i likely to seem illogical and 1o lead to further confusion.
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Another conceptually difficull area seems 1o be the location of penes or
penetic material within the body. Many students seem to believe that only
certain cells contain any genetic materials or structures, most frequently those
in the reproductive system or the blood. I this is s0, then what concept do
they have of cells and what do they mean when they say that genes determine
characteristics? What image, if any. do they have of how this might be
achieved? This area was probed further in the group discussion task which 15
reported in Working Paper 3 {Wood-Robinson ef af, in preparation).

In addition to the conceptual difficulties outlined abowve, there was confusion
between different uses of the same word. More than | in 10 students confused
the biological use of the word nucleus with its use in physics, where it refers
to the centre of an atom. The use of the brain analogy when teaching about
the nucleus of a cell also had the potential to mmslead, Some students were
under unable w distinguish belween “similar (0" and ‘same as’ the brain, with
obvious consequences for their understanding of the nucleus.

One other interesting feature of the responses was the way that some students

frcused on social uses (that DNA is important Tor identification of individuals

for  example) rather than biological functions when considering the

importance of various structures.  This could have been for a number of

TEASONS-

# because 1t was the only one they were aware of;

= because 1t was the factor that they felt was most important;

& because they were more imnterested in the social aspects;

¢ because they became aware of the term throupgh a social context
encountered outside the classroom.

It would have been interesting to have more information about this.
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7.1
T.1.1

1.1.2

The New Genetics probe

The probe

Diesign of the probe

This probe {see Appendix 6a) was designed to investigale students’
awareness of DNA technology - what they had heard of, where they had
heard of it and what they thought it was.

It covers the following conceptual areas:-

AJa: genes code lor protein,

Ade: the code is universal,

A5fiii)e: the code 15 translated in the same way in all organisms,
Bla: terminology of the technology and

B1b: understanding of the terms

(see Appendices 1 and 2).

The 1991 MNational Curriculum at KS4, for both double and single science
awards, refers to genetic engineering and cloning. Within the Programme of
Study it states that pupils should:-

‘using sources which give a range of perspectives ... have the

apporfunity fo consider the basic principles of genefic

eRgineering fe.g hormone or drug production); they should

conyider the yocial, economic and ethical aspects of cloning’

and

stwdy how DNA Is able to replicate sell and control protein

spnthesis by means of @ base code .

Although it does not stale explicifly that pupils should be aware of the
universal nature of the genetic code this is implicit in the requirement that
pupils should have the opportunity to consider the basic principles of genetic
engineering,.

Structure of the probe

To probe awareness of current terminology students were presented with a
pastiche ol terms taken from newspaper cuttings during the preceding year
(see Appendix H6a) and asked 1o tick the ones that they had heard of. The
terms were - gemefic mapping, DNA fingerprinting, DNA testing, sene
technalogy, gene (fransplant, cloning, the human genome project, gene
therapy and genetic engineering.

To investigate students understanding of the terminology, and their sources of
information, three terms - genetic engineering, cloning and DNA tesiing -
were chosen, These were the three terms which, on the basis of preliminary
work, we believed students would be most aware of and most likely to
respond to (see Appendix 6bl). A similar format was used to investigate
each of these three terms (see Figure 7.1). A fxed response section asking
students whether or not they could say something about the term was
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followed by twio open questions which asked students where they had heard
of the term and what they thought it was. In the case of genetic engineering
and DNA testing they were also asked to give an example. The whole probe
can be seen in Appendix Ga.

DMA technology is only possible because of the universal nature of the
penetic code - the fact that all organisms ‘read” and respond to the code in a
similar way. The final set of questions in this probe were designed to
investigate students awarcness of the genetic code, and of its importance,

Figure 7.1 - Format of the questions

P gk ferm please Sek ONE box fo shon whad you faow abart 8 and thern avswer the

R,
Genetic Eagineering
Tick CNE box
[ couldn't sav anvthing about genstic enginsering |:|
[ could zav something abour penetic engliesciig I:l

Mo, i you caw, pleare anever the following questions. I vou cod T arswer 2 guestion

a) [ liave beard gepetic engingering mentioned infon

b} 1 think that genetic enginesring s

pleoase put o oross keside i,

) A0 example of genslic engineering would be

113

Critique of the probe

In the first part of this probe students were asked to tick the terms which they
had heard of We have assumed that if students did not tick an item it was
hecause they had not heard of it. Although some of the terms chosen refer to
similar or identical techniques, they were included as they represented the
terminology current in the media at that time (1994/3).

In a preliminary study students were asked to select upto 3 items [rom the
initial list of 9 lerms and say something more about them. The most
[requently selecled terms were - generic engineering, DNA tesiing, cloning
and DNA fingerprinfing (sce Appendix 6(b}1 for details). On the basis of this
genetic engineering. DNA testing and cloning were selected as the three
technologies to be probed in more depth in the main study. Both penetic
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7.1.4

engineering and cloning are specifically mentioned in the National
Curriculum (1991, K84, attainment target 2, Programme of Study and
Statements of Attainment, level 10c). Results from the first part of the main
study (see Section 7.2.1 below) confirm that this was an appropriate choice.
Although DNA fingerprinting was also familiar to students 11 was not
included as there was limited space and we felt that it might vield hmited
information - it was too similar to DNA testing and in the preliminary work
it was frequently confused with actual fingerprinting.

Students were asked o complete the sentence ' have heard .. (e.g. cloning)...
mentioned in ... " because we were interested in the source of the
knowledge they were drawing on in answering our other questions in this
probe. However, some students seemed to feel it would be unacceptable to
guale spurces from outside the classroom - especially if they came from the
entertainment section of the media rather than documentaries or factual
books. It was not uncommaon, for example, for the researcher to be asked if
“The X-Files” was an acceptable answer. This should be kept in mind when
considering the responses 0 this quaesion,

In asking students to complete the sentence T think that . feg genmetic
engineering).... is ...." we were hoping to probe their understanding of the
specific mechanism at whatever level was appropriate for them. In many
cases the students actual response focused instead on their feelings about the
technology and 115 uses:-

I think it is wrong, it is interfering with nature

T think iy good il helps fo calch criminals '

Ty exciling’

- & good illustration of the inherent ambiguity of the *complete the sentence”
format and how the intention of the researcher and the perception of the
respondent can be two very different things!

As a result of this there was sometimes an overlap between responses to
related questions. When this happened, responses to both questions were
considered logether [or the purposes of coding. Those aspects of the answers
relating to a specific code were then picked out. In the above example 'f think
it's good i it helps to cateh criminals " would be coded under “attitude’ (good)
and ‘example’ (lorensic use).

We only asked lor examples of genetic engineering and DNA testing. We
didn’t ask for examples of cloning as we felt that the most common uses (as a
standard laboratory technique in molecular genetics) would be outside their
experience and so they would have very limited options.

Coding and analysis of the probe

The first part of this probe was a fixed response question asking students o
respond to a list of terms, ticking those which they had heard of. Results are
given as the frequency of “ves' responses for each term.
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7.2

T.2.1

Each of the nexl three parts {(genetic engineering, cloring and DNA testing)
began with the same fixed response section. The original purpose of this
seclion was to determine what proportion of the sample thought that they
could say something about the term. There were two altemative answers :-

o Teouldn't say anything abont....’

o eould say something about....’

As with the ‘Riological Terms ™ probe, those students who said that they could
say something about the technique didn’t alwayvs go on to say anything at all
while some students who said they could say nothing sometimes responded to
subsequent questions, The fixed response section of each part was therefore
of limited value and is considered quite separately [rom the open questions
which follow it.

Although the probe was sct out in 5 scparate parts some aspects of the
analyvsis were of general interest and drew on data from several different
parts, for example data on the common sources of information. These are
reported together under one heading, Where data from different parts are
related, they are reported together, where they are not related, they are
reported separately.

Where students were asked to complete a sentence and this led (o a miss
match hetween the researchers intention and the students perception, the
different types of response are coded under different headings.

Analysis of the data

Our sample size for this probe was 481 {almost 100% of those taking part).
For a breakdown of the exact numbers responding to each question see
Appendix 6(b).

Awareness of the terminology
In response to the question ‘Have you keard of .. ?" 464 students ticked one
or more boxes. The results are shown in Figure 7.2,

The terms most familiar to these students were:-

DNA testing : 83% of those asked this question,

genelic engineering : 30% of those asked this question,
DNA fingerprinting @ 73% of those asked this question and
cloning  53% of those asked this question.

Their lack of awareness of both “gene therapy’ (21.8%) and the *Humar
Genome Project™ (9.3%0) 1s interesting, given the amount of news coverage
these received just prior to and during this project. Perhaps these applications
of the technology failed to calch their interest in the way that genetic
engineering and DNA testing can (see Section 7.2.2 : *Where have they heard

of .. 7).
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Figure 7.2 - Familiarity with the terminology

wenelic mappring

13 A fingerprinting
DA Lesting [T
pene lechnolegy

gene transplant |

chrning
Human Gennme Project [T
gene therapy [

genelic engineering

o 1] 0 a0 40 0 1] 0 & an 1

Percenioge of Cases
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When gquestioned about three of these terms i more depth:

5% said that they could say something about DNA testing,

56% said that they could say something about genetic engineering and
42% said that they could say something about cloning

7.2.2  Where had students heard of .....7
For each application of gene technology, “the media’ was the most frequently
mentioned source of information (see Table 7.1), despite the fact that both
genelic engineering and cloning are included in the NWational Curriculum.
Maore details can be found 1n Appendix 6c, parts 2-4.

Table 7.1 - Main sources of information on DNA technology
(These responses are nof mulually exclusive)

school media other
Genetic Engineering | 166 (49%) | 231 (68%) | 7 (2%)
(m = 338)
Cloning 72 (33%) | 166 (76%) | 7 (3%)
| (n =220)
DNA Testing 117 (35%) | 256 (77%) | 7 (2%)
(n=331)

NOTE : all sources for each individual were noted; but only the first
reference to each of these sources was included in the count
above Le f two different tvpes of ‘media’ were referred 1o
arly I score for ‘media’ was roted.

Of those responses citing ‘media’ and giving specific details, there were:-
32 references to factual programmes or arlicles;
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7% references to fiction (71 to science fiction; 7 to police/crime fiction);
12 “other’ {mostly police programmes, but it was not clear whether they were
factual or fiction).

Science [iction in various forms is therefore the main ackmowledged source of
information - and these figures are probably an underestimate. Many young
people felt it might not be aceeptable to cite such favourite T.V. programmes
as ‘The X-Files’ and ‘Red Dwarf” in a survey of this kind and asked whether
or not they should inclhude them.

The specific science fiction sources mentioned were -
Jurassic Park (29 references),

The X-Files {19 references),

Red Dwarf {4 references), and

Star Trek (2 references).

Specific news programs or items were rarely mentioned (7 times in total), and
then mainly with reference to DNA testing. The O.J.Simpson trial was
referred to three times and murder investigations in general just once. Cloning
ol sheep was referred to once - this was about the time of Megan and Morag
{cloned from a single embryo) but prior to Dolly (cloned from a mature cell).

What do students understand by ‘genetic engineering'?

There were 272 responses to “J think genetic engineering is...." (37% of those
asked). There were three different (vpes of response - those focusing on a
possible mechanism, those focusing on a possible purpose and those focusing
on personal attitudes towards the technology. The [requency of each type of
response is given in table 7.2, Further details can be found in Appendix 6(c)
Part 2.

Table 7.2 - Frequency of the different types of response to “Genetic
CHEIRCEFING 8 v’
(These responses are nol mudually exclusive)

type of response number of responses percentage of total
responses (n=2172)

mechanism 218 B0.1

purpase 119 43 8

attitude 7 15.6

The term ‘genelic engineering " covers a range of techniques and applications.
It could refer to altening genes within one organism, transferring genes
between organisms of the same species or transferring genes between
organisms of different species. A simple definition of genetic engineering
which covered all of these might be ‘the manipulation of genes’.
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T.2.4

()f the 218 responses which suggested a mechanism, 42% gave a description
which could be included under this definition ie. they included the concept of
manipulating genetic information in some way:-

taking genes and using them to make things e.g. food’,

the study of making wseful things by manipulating genes ard microbes '

the stage of using ather bacteria with genes of humany to produce medicines
e.g penicillin’,

Ome third gave vague or ambiguous responses which mentioned manipulation
of some sort, or implicated genetic material in some way, but didn’t show a
¢lear understanding that both manipulation and genetic information were
involved In some way;:-

‘where celly are changed fo make things look a certain way ')

‘ariificial creation”;

wetentific work on genes

10%% confused genetic engineering with some other aspect of genetics or
DNA technology e.g. inheritance, breeding and testing and 15% suggested a
range ol other ideas, but there was no obvious pattern 1o these,

Of the 119 responses which suggested a purpose, the majonty (72%)
suggested 1t was to design an organism to onder.

Of the 37 responses which stated an attitude, almost half thought it would be
an ungualiled *good thing” and a further 5 felt 1t could be a pood thing under
the right cireumstances. This latter group saw that there were potential
benelils bul were also aware of the potential for misuse. The implication was
that the technology itsell was neither good nor bad, but would depend on the
specilic purpose [or which it was being used:-

‘wsefnl bui conld be very dangerous’

ot good if misused’

‘wood thing in deciding sex of children but not in the medicines for dicbetics”

Some simply expressed their feclings about the possibility of genetic
engineering:- .

‘exciting’, ‘interesting, ‘useful

What do students understand by “cloning'?

There were 198 responses to *f think cloning is." (42% of those asked).
Muost of these focused on the mechanism, with only 16 responses suggesting a
purpose for or an allitude towards cloning. The findings are summarised in
Table 7.3, More details can be found in Appendix 6{c) Part 3.

*Cloning” can be used in everyday language to mean making (many) exact
copies. When used to describe a form of DNA technology i's most general
meaning 15 1o make exact copies of genes. These copies may then be used in a
variety of ways.
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Table 7.3 - Summary of the main responses to ‘Clening is ..."
{only the main categories are given here)

coding category number of responses percentage of those
responding (n = 198)

COpYINng genes 42 21.2

copying {something) 109 Ja.1

making something 9 4.5

confused with other 13 6.6

techniques

fictional 5 2.5

Only about one fifth of those responding (9% of those asked) specifically
mentioned copying genes or genetic material/information. The majority
suggested “copying’ in some shape or form, but did not refer to genes or
genetic materialinformation.

Those who suggested “making something” showed no awareness that it was a
copying process, but some of them did suggested that genes were used in the
ProCess.

7% of those responding confused cloning with other techniques. Most of
these seemed to be describing genetic engineering (joining things, changing
things or transferring something) or genetic testing (choosing characteristics,
matching genes up or sorting genes into different categories).

5 of the responses were not convinced that cloning was a real technique:-
it's a good idea but animals are a hit far fetched ',
it s anly fictional .

What do students understand by ‘DNA testing®?

There were 264 responses to this question (56% of those asked). Most of
these locused on the use which could be made of DNA testing. 23 focused on
attitudes towards DNA testing. Details of the responses can be found in
Appendix 6(c) Part 4,

AL a basic level, DNA testing could be described as a means of comparing
DNA. Through these comparisons individual similarities and differences can
be recognised, leading 1o the use of DNA testing as a diagnostic tool - to
identify individuals, 10 identify specific forms of a gene (screening for genetic
disorders), to compare and define species.

This type of description was given by just over one third of the responses
(37%4). The majority of these specified identifving individuals and about one
quarter specified identifving disease:-

‘where vou can fell whether a person is connected to some blood or a baby';
fike fingerprints, each person has different DNA

to look at DNA to yee what condd harm you';
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where the DNA of a person can be looked af and tested for a fault which
might be corrected .

In addition, a substantial number of responses (29%) sugpested thal DNA
testing was used for finding out more, either about DNA and genes or about
the body or about different organisms:-

‘trying to find awi move about DNA;

when you imvestigaie things in the blood ',

Tooking at a persons‘animals DNVA to find things out

Although the second type of response is less specific than the first tvpe,
perhaps reflecting & less detailed understanding, it is still a correct
understanding.

A third group {16% of responses) were very vague. suggesting that DNA
testing was ‘o fest for genes . Although this is true, to an extent, it suggests a
very limited knowledge and understanding of the technigue.

About 7% confused DIMNA festing either with other techniques (Tor example
genctic engineering or cloning) or with the biological function of DNA {for
example “furning genes into proleins’ or giving livieg  things  their
characteristics ).

About 9% focused on attitudes and ol these the majority (13) Tell il was a
good thing, A few (6) simply expressed their [eelings aboul it - inferesting,
very clever, useful messing with nature.

Examples of genetic engineering and DNA testing

Grenetic engineering

196 students gave examples of genetic engineering (41% of those asked).
Coding them presented some difficullies as many were ambiguous. For
example, many responses suggested changing or improving crops or livestock
as an cxample of genetic engineering. However, crops and animals can be
improved or changed by selective breeding or grafting, as well as genetic
engincering. It was difficult to be sure that such smdents did clearly
distinguish between genetic engineering and selective breeding, There was
some evidence that this was a difficult distinetion for some students, with 4%
of responses explicitly referring to breeding as an example of genetic
engineering, Conversely, rteferences to  transplant of organs, initially
suggesting that they had misunderstood the nature of genctic engineering,
might actually have been referring 1o the development of penetically
engineered pigs to provide organs for transplants, which was in the news at
various points during data collection. Both of these factors should be kept in
mind when viewing the data, details of which can be found in Appendix &(c)
Part 2.
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63% of the responses seemed to be giving valid examples, even when they
were fictional. Most of the remainder (33%) seemed to indicale a
misunderstanding of some sort. The main [indings are shown in Table 7.4

Table 7.4 - Summary of the types of example of genetic engineering
{only the main categories are given herg)

type of example number of responses percentage of those
responding (n = 19%6)

valid, agricultural 39 30.1

valid, medical/social 37 20.1
“confused with other 19 0.7
technigques

confused with basic 9 4.6
genetics

confused with 16 18.4
reproeduction

Valid responses divided into two roughly equal groups, one focusing on
agriculture and the other on medical and social uses. There were also a small
number of examples drawn from fiction (manly Jwrassic Park”), Examples
Irom agriculture focused strongly on plants and included “improvement™ ol
tomatoes and apples and the troduction of pest resistance. Examples of
medical and social uses were more diverse focusing on the commection of
genetic ‘errors’(both gencrally - getting vid of disease, and more specifically -
gene therapy, cpstic fibrosis ), the produchon ol medicines (e.g. production of
inswlin, human growth hormone) and the seleclion of preferred charactenstics
ithe focus here was mainly on manipulation and selection within the foetus),

The main confusions were with various aspects of reproduction, specifically
sex determination, and with other techniques eg cloning, testing, prafiing
(the mouse with the human car, as featwred on ‘Horizor ") and transplanting.

DNA testing

202 students gave examples of DNA testing (76.5% of those asked). Again,
coding these responses presented some difficulties as many were ambiguous.
For example discussions in the preliminary study showed that many students
did not distinguish hetween traditional fingerprinting and DNA
‘fingerprinting”. When ‘fingerprinting” was referred to it was difficult to
know which type was intended. References o “screening for discase’ were
even more problematic. There are several different tyvpes ol screening and
there are different types of disease. DNA screening for an inherited disease
would be a valid example, but we could not know if this what the student had
in mind when they said things like *festing for a disease ', Similarly, there arc
several different forms of pre-natal diagnosis. What did the student have in
mind when they used the term? In analysing such data, ambiguous catcgorics
which could be interpreted as a valid examples were coded as such. This
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should be kept in mind when viewing the data, details of which can be found
in Appendix 6(c) Part 4.

171 of the responses (B5%) seemed 1o be giving valid examples. Most of the
remainder (15%) indicated a misunderstanding of some sorl. The main
findings are shown in Table 7.5.

Table 7.5 - Summary of the types of example of DNA Testing
{anly the main categories are given here)

type of example number of responses pereentage of those
responding (n = 196)

valid, personal 1D | 136 673

valid, identification of 29 14.4

specific characteristics

ambipuous 15 7.4

confused with other 13 f.d

technigues

confused with other 6 3.0

forms of testing |

The majority of valid responses (67%) Tocused on personal identification and
the bulk of these (44% of all responses) locused on forensic use of the test,
Some of those who pave the example of fingerprinting and blood tests would
also have had this use in mind. Most of the remainder focused on the
identification of specific characteristics, but many of the categories here are
ambiguous,

Maost of the misunderstandings related to a confusion about different
technigues, in particular a confusion with the genetic engineering lechniques
used in Surassic Park

What do students think is meant by ‘the genetic code™?

474 people attempted some part of the section which asked about the genetic
code. 191 (40% of those asked) said that they had heard of the genetic code,
131 said that they couldn't say anything about it but 171 went on to say what
they thought the phrase meant.

A pene could be deseribed as a length of DNA which contains the
information that a cell needs to make one polypeptide chain (one or more
polypeptide chains combine to make a protein). DNA is made up of a series
of units (nucleotides). Each nucleotide contains one of four possible bases.
The sequence of bases along the length of DNA are ‘read” in groups of
three. Each “triplet” of bases codes for a specific amino acid (except for the
few which provide ‘punctuation’, indicating the beginning and the end of the
message). The ‘genetic code’ refers 1o this specific relationship between the
sequence of bases within a triplet and the amino acid for which that sequence
codes. This complex set of ideas., together with an understanding of the
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mechanism by which the message in the DNA can be read and converted into
a protein was specified within the national curmiculum. The Programme of
Study (1991 National Curriculum, K54, Aftainment Target 2) states that:-
they should be introduced o the gene as a section of a DNA molecule ard
stucy how DNA is able to replicate itself and conirol protein synthesis by
means of a base code

However, only at Level 10 of the Statements of Attainment is it expected that
pupils should:-

‘understand how DNA replicares and controls protein symthexis by means of a
base code’.

A very simple deseription of the genetic code might refer to the sequence of
bases along a strand of DNA. Of the 171 responses W ‘what do vou think the
genetic code means’ 15 (9%0) specifically referred to @ sequence of bases or o
paitern within the DNA.

The segquence of chemicals in the DNA chain which is unigue fo each
person’;

‘the arder In which the fowr chemicals In the DNA are organised’;

‘the order of elements in the DNA structure .

A further 11 (6%) referred in a more general way to the structure of DNA or
to the four bases (*things™) which DNA was made up of:-

‘the structure af the bases in the double helix or DNA strand’

‘the code that Vour DDINA strings create’,

This was a much less specific group and it was sometimes diflicult 1o
differentiate hetween those who seemed to think that the code related to
something within the DNA and those who seemed to think that the code was
the total DINA.

In total, 37 responses { 22%) scemed to show an awareness that the code was
found within the gene, although some were ambiguous:-

‘the coding found on chromosomes, alleles, DNA eic.’

A similar number, 38 (22%), located the code within the cell. The majority of
these (22 of the responses) thought that the code referred to the way in which
the genes were organised or sequenced:-

A paliern of genes hal mecans something but reeds to be cracked'

‘the genelic code iy the arrangement of Your genes’.

The largest number of responscs, 56 (339%4), located the code within the whole
orgamism. The majority of these (40) seemed to have an image of the code as
some sort of personal bar code, giving us our unigue identity:-

‘we all have unigue DNA codes - they are printed like bar codes’.

This wview may have arisen, or heen re-enforeed, by the use of
autoradiographs in the media to present a visual image of DNA, Such images,
which either show bands of DNA arranged in rows or indicate the sequence
of bases in a section of DNA, are frequently used in conjunction with
discussion of DMA testing and its use in the identification of individuals.
Such a link was made quite explicitly in one response. In this case the
response o *What do you think the genetic code means?” was:-

refer to earlier guestion, vxaclly the same gquestion asked’
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and the response to the earlier question *f think DNA festing is.." was -
where DINA is taken from someone and made into a bar-code like pattern on

X-ray paper

Almost 6% of responses confused the penetic code, a naturally occurring
phenomena, with some form of gene technology.

Mot one student showed any awareness that the genetic code 15 related o the
production of proteins or even that it controls the nature of the gene product

Discussion of results

All but one student in our sample responded o this probe (481 out of 482).
When asked for further information the response rate remained relatively high
for genctic cngincering and DNA testing but dropped for cloning and the
genetic code, suggesting that they felt less confident about these topics (sec
Table 7.6).

Tahble 7.0 - Response rate for individual questions
fay a #5 af ithe response rale for each seciion)

Grenetic | Cloning DNA Testing | The Genetic
Engineering | (N =474) (N = d69) Code (N = 474)
(N =475)

I heard it 1.2 46,4 0.6 -

mentioned...

I think it is.. 57.3 20.7 563 36.1

An example £t - 43.1 -

wolild be..

Looking at students’ understanding of the technologies through their
responses to J think it iv ... " (see sections 7.2.3 - 7.2.5) it is clear that some
students have difficulty distinguishing between the different technigques. 8%
of those completing this sentence for genetic engineering showed this type of
confusion, compared with 7% of those responding for cloning and 4% of
those responding for DNA testing. Some also found it difficult to distinguish
between genetic concepts and genetic techniques - 6% of the responses to
‘What do you think the genelic code means?” described a technique, for
example DNA testing. It is difficult to quantify the extent of this difficully as
it varied depending on which part of the probe the student was responding to
and we can only identify it in those students who actually responded. Seme,
or even many, of those who didn't respond may have had similar conlusions,

Of those students who expressed a view on genetic engineering or DNA
testing, more than half thought that these technigues were a good thing (see
Table 7.7), although they seemed to be less sure about genelic enginesring
than DNA testing. A few responses showed an awareness that attitudes
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towards the techniques might depend on the context in which the technigue
was being used.

Table 7.7 - Attitudes towards genetic engineering and DNA testing

Genetic Engineering DNA Testing
Good 18/37 13/23
Mixed 5/37 1/23
Not Good D37 323

Orverall, of those students asked about genetic engineering, cloning and DNA
testing (as opposed to those who answered) 19%, 9% and 20 respectively
showed a generally limited but scientifically wvalid understanding of the
technology, Interestingly, students seem o have least understanding of
cloning, which intuitively seems to be the simplest of the techniques.

8% of our sample were aware that the penetic code was located in structures
within the gene but less than half of these (3% of those asked) showed a
hmited but scientifically valid understanding of the genetic code as a
sequence of bases within the gene/DNA. This is not surprising, piven the
complexity and abstract nature of the concepts which students need to grasp
m order to have a good understanding of what 1s meant by the genetic code.
However, the students’ lack of understanding of what is meant by ‘the genetic
code’, together with their confusion about where genes are found (Sections
4.2 and 6.2.2) and whether or not all living things contain genetic information
(Sections 5.2.3 and 5.3), must have implications for the ability ol these
students to develop a better understanding of DNA  technologies, An
important first step in developing a better understanding of genetic
engineering would be the development of an awareness that the genetic code
(whatever a student might understand by the phrase) is universal i.e. it is
understood by @l organisms in a similar way. A discussion of this might help
wr clarily students conceptual understanding of the genetic code and help 1o
explain why 8 human gene, when transferred into some other animal or a
bacterium, will still make a human product. Within our sample the majority
ol students held the opposite view - that the genetic code was unigue 1o each
individual.

Although there was some evidence from the “Biological Terms ' probe that a
few students in our sample related some aspect of genetics to the production
of proteins (see Section 6.2.3), no evidence of this was found in responses to
"The New Genetics ' probe,
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8.1
a.1.1

8.1.2

Summary of the findings

In undertaking this survey the intention was (o gain some insight into the
level of understanding of genetics which voung people have at the end of
their compulsory education. This was why our sample was drawn from across
the ability range and from a number of different schools. As the majority of
this sample are unlikely 1o receive any further formal education in science.
this is the level of understanding which will be available to them o build on
should the future need (or wish) arisc. It is likely to be the scientific basis on
which they draw when making personal and social decisions related to
penetics.

This summary of the findings therefore aims to highlight the general level of
understanding of basic genetics and DNA technologies within our sample: the
knowledge which these students had, the knowledge which they lacked and
their most common misunderstandings, We hope this information will
provide teachers, and professional geneticists who wish to communicate with
the public, with some indication of where to start and what difficulties to look
out for, We also hope that it will be useful in informing those with a
responsibility for making decisions about future science curricula.

The key points

‘Grene’

Our sample showed a reasonable understanding of the function of the gene in

a peneral way (that genes determine characteristics and are involved in

inheritance) but there is little understanding of the relationship between genes

and other structures, including cells (see sections 4.2, 6.2.1, 6.2.2, 6.2.3 and

6.2.5):-

o upto 25% of our sample do not spontaneously locate genes within cells;

* 23% appear to think that genes are only found in certain cells, for example
blood or reproductive cells;

o fewer than 40% show any awareness that genes are found within
chromosomes;

e there is widespread confusion aboul the relationship between genes and
chromosomes; a common view seems to be that genes and chromosomes
are alternatives.

*Chromosome’

There are high levels of confusion and uncertainty about chromosomes and

this uncertainty 15 consistently reflected across a range of questions (Sections

4.2,53,6.2.1,62.2,6.2.3 and 6.2.5}:-

« only 40% of our sample felt able to say anything about chromosomes,
although the majority of these responses were compatible with a scientific
view, many showed a very limited understanding;

e fewer than 209 understood the physical relationship  between
chromosomes and other structures in the cell;
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8.1.4

5.1.5

8.1.0

8.1.7

o 11% suggest that it was possible to for chromosomes to contain ne genetic
information;

¢ 5% =zaid that thev had never heard of chromosomes;

¢ only 3% spontaneously associaled chromosomes with cell division.

‘Nucleus®

Most of our sample {more than 65%) had a reasonable understanding of the
nuclens (Sections 6.2.1, 6.22, 6.2.4 and 6.2.6), although some students
confused the use of the term in biology with the use of the term in physics.
Some students were also confused by analogies which compared the control
of the cell by the nucleus with the control of the bady by the brain.

‘DNAY

The general view of DNA is that it defines living things {60%), but there is

little awareness of how it might do this (Sections 6.2.1, 6.2.2, 6.2.3 and

6.2.5):-

= ghout 5% refer to a code of some sort and about 3% show a scientific
understanding, at a basic level, of what the code is;

= about 25% suggest that it provides information but very few spontaneously
relate DNA to genedlc information;

= gbout 20% spontancously located DNA in blood rather than in all eells.

‘zenefic Information’
# 50% of our sample did not appear to believe that all living things contain
genctic information (Sections 5.2.4 and 5.3).

‘The Genetic Code®

{(Section 7.2.7)

e only 13% of our sample had even a limited scientific understanding of
what was meant by “the genetic code’

& not one of our sample made any direct link between the genetic code and
the zene product

e none of the sample mentioned the universal nature of the genetic code; in
fact the majority view was that the code was unigue to each individual,
providing a personal identification.

‘DNA Technologies®
Despite massive media coverage during the course of our survey, awarcness
and understanding of DNA technologies was varied.

DNA testing and genetic engineering

(Sechons 7.2.1,7.2.2, 7.2.3 and 7.2.5)

o more than 80% of our sample said that they had heard of DNA testing and
genetic engineering and more than 50% went on to say something about
cach of them;

= gbout 20% of our sample showed a hooted but scientilically vahd
understanding of genetic enginearing and DNA testing.
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8.2
8.2.1

8.2.2

DNA fingerprinting

{Section 7.2.1)

s morc than 70% said that they had heard of DNA fingerprinting, but
evidence from preliminary work showed that many students confuse DNA
fingerprinting with conventional lingerprinting:

cloning

{Sections 7.2.1 and 7.2.4)

= more than 50% said that they had heard of cloning but only about 20%%
were able 1o say anything about it;

s fewer than 10% were able to show a limited but scientifically valid
understanding of cloning;

gene therapy and the Human Genome Project

(Section 7.2.1)

= fewer than 20% said that they had heard of gene therapy and less than 10%
said that they had heard of the Human Genome Project,

Other findings

The relationship between structures

Very few students had a good understanding of the relationship between
difterent biological structures, or any awareness of the relative scale of
different structures {Section 4),

The concept of the cell

Although we didn’t question students directly about their understanding of
the cell, their views on the relationship between cell structures, the function
of cell structures and the nature of living things all give some indication of
the students’ views of the cell (Sections 4.2, 4.3, 5.2.6 and 6.2.6).

‘The lack of understanding of the relationship belween structures shown by
our sample suggests that these students are unaware of the structure of cells,
even at the most hasic level - that all cells are made up of an outer membrane,
which enclases the ¢ytoplasm, which contains a nucleus.

Findings from both the ‘Living Things and 'Biclogical Terms’ probes also
suggest that our sample had little understanding of the general nature of the
cell - that all enkarvotic organisms, including plants, are made of cells and
that these cells all have the same basic struclure,

Mor did our sample seem (0 have much awareness either of the relative
scale/size of cells compared to whole organisms, or of the relationship
between cells and organisms - thal organisms are made up of cells. This
confusion about the general function of the cell was alse evident in the
Biological Terms' probe, where some students located cells within the
chromoesomes, sometimes explicitly identifving the cell as the unit of
inhentance.
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8.2.3

Hl.4

The relationship between genes, inheritance and determination of
characteristics

Although the majerily ol our sample were aware that genes determine
characteristics and are involved in inheritance, our findings suggest thal most
students were unaware of the mechanisms which make this possible,

In order to understand the mechanisms of inheritance and phenotypic

expression at a basic level, a student would need to:

- recognise that there is a difference between somatic cells and sex cells

(gameles, germ line cells),

- recognise that somatic cells usually carry two copies of each gene,

- umderstand that these copies of the same gene may have different forms
iallales),

- understand that it is the relationship between these two forms of the gene
which determing the phenotype (the characteristic of the individual),

- understand that these copics are scparated when sex cells are produced, so
that an cgg or sperm will contain only one copy of each gene,

- realise that fertilisation allows the single copy of each gene from one
parent (e.g. in the egg cell) to pair up with the single copy of the same gene
from the other parent (e.g. in the sperm cell),

- understand how this leads to new combinations of alleles, and results in
varation (a different combination of charactenstics).

Huowever, within our sample the [ollowing lindings were widespread :

- difficulties in locating genes within the cell,

- difficultics in understanding the relationship between gene and
chromosome,

- little awareness of the distinction between gene and allele,

- dhifficulties wiath the concept of the cell itself (see section 8.2.2).

In addition, hindings Irom another arca of this study (Working Paper 4, Lewis
el al, in preparation) show that the majority of students are unaware of the
nature ol the difference between somatic and sex cells, or even that there is a
difference,

The relationship between genes and proteins

At a more detailed level, an understanding o phenolypic cxpression might
require an understanding that genes code for proleins, A starting point for this
concept would be an awareness that genes ‘tell” the cell how to make
something e, an awareness that there is a gene product of some sort, At a
slightly more complex level, there might be an undersianding that the
structure of the gene determines the structure or form of the gene product.

There was little evidence that our sample were aware of this concept, even in
its most basic form. Not one student mentioned gene products when asked
why genes were Important and just 4 responses (less than 1% ol our survey
sample) mentioned a product when asked why DNA was important {Section
6.2.30.
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8.2.5

Mot one student mentioned gene products when writing aboul the genetic
coxle (Section 7.2.7).

A very basic understanding of the mechaniam by which genes can tell the cell

how to make something would require an understanding that:

- ageneis alength of DNA,

- DNA iz made up of a large number of similar units, held together on a
*hackbone’,

- there are four different types of basic unit and these can be arranged in any
sequence,

- the sequence of these units within the DN A determines the product of the
Zene,

In order io understand how the sequence of bases on the DNA could “tell” the
cell how 1o make the gene product, students would also have to understand
that:
- the sequence of bases are “read’ sequentially in groups of three,
- each combination of three bases is understood in only one way,
- as a resull of these two lacts, the ‘message’ within the gene can be *read”

in only one way and so can “tell” the cell how to make something.

Even presented in this basic way, these are gquite difficult concepts to
understand, There was no evidence that the students in our sample had any
understanding of a possible mechanism by which a gene could tell the cell
how to make something, While some students seemed o understand the
relaionship between genes and DNA (Scctions 4.2 and 6.2.2), and some
students recogmised thal there was a relationship between DNA and the
genelc code (Sections 6.2.2 and 6.2.3), no student seemed to be aware of the
relationship between the genelic code and the gene product - that it is the
code which determines whal the triplets of bases “say” and so enables the
gene to “tell” the cell how to make a particular product.

Nucleic acids and amino acids

Some students appeared to be confused about the relationship between DINA,
nucleic acids, amino acids and proteins {Section 6.2.5). Although the numbers
were srall this might reflect the small number of students in our sample who
cold comment at all using such terminology. This source of conlusion might

be more significant amongst post 16 students who are working at a higher
level,
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Implications

In this study our interest was in the knowledge and understanding of genetics
which students might draw on in adult life when considering issues raised by
DMNA technology. Our focus was therefore on the students” understanding of
general principles - for example, that all living things contain genetic
information - rather than the detailed recall of content which might be
required for exams. Despite this we believe that our findings have important
implications lor leachers,

The size and spread of our sample (482 students in 12 different schools,
drawn from across the ability range) and the consistency of our hndings
across difTerent guestions and different probes within this study. suggest that
our findings are a reasonably accurate reflection of the understandings which
students hold towards the end of their compulsory science education. Similar
findings, from a similar bul guite independent Spanish study (Banet and
Ayuso, 1995} suggest that the ditheuliies wentified in our study are commaon
and widespread.

Within this working paper we have shown how an understanding of some
fundamental genetic concepts, like inheritance and the delermination of
characteristics, requires an understanding of a number of very basic concepts
- for example, the basic structures of the cell, the function of these structures
and the relationship between these structures (Scetions 6.3, §.2.3 and 8.2.4).
We have also shown that the majority of students coming to the end of their
compulsory science education do not have a clear understanding of these
hasic concepts (Sections 8.1 and 8.2).

Ciiven the international nature of this problem, the National Curriculum for
England and Wales can hardly he held responsible for these difficulties,
However, the National Cwrriculum can give wvaluable insights into some
possible causes of the problem. The lack of coherence within the genetics
component o the 1991 National Curriculum has been considered elsewhere
(Wood-Robinson er af, 1996). The failure of this curriculum to explicitly
include key basic concepts, (the basic structure of the cell or the relationship
between chromosomes and genes for example) and the inclusion of complex
concepts like protein synthesis or genetic engineering, without any explicit
recognition of the basic concepts which underpin them and which might necd
to be understood first, could not have helped the teaching of genetics. While
some of these shoricomings have been rectified in the 1995 National
Curriculum (the basic structure of the cell and the relationship between genes
and chromosomes are both made explicit in this version), there is still a heavy
emphasis on complex genetic concepts without any explicit requirement that
the basic ideas which underpin them should also be tangh:.

As a result, any teacher who took the National Curriculum literally and who
taught only what was required by it would not be able to teach genetics very
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effectively. Although few teachers are likely to do this, the time constraints
which most teachers have to work within and the need to satisfy the demands
of both the Wational Curriculum and the exam syllabus does mean that the
curriculum is often delivered as neat parcels ol conlent information, tailored
to 1it conveniently into one lesson. There is little opportunity to explain or to
build up the links between the topics or to include information or ideas not
explicitly required by cither the Mational Curriculum or the exam syllabus.

An additional problem is the organisation of topics within the curriculum.
Within the MNational Curriculum, the syllabuses and the textbooks, the
different topics which students need w0 connect in order to understand the
mechanisms of genetics - cell siructure, cell division, determination of
characteristics and inheritance - tend to be separated. At the point of delivery,
within the classroom, the teaching of these topics may be scparated by
months or vears rather than days or weeks, For example, basic cell structure
might be taught at Keyv Stape 3 and cell division might be taught early in Key
Stage 4 while inheritance is often not taught until the very end of Key Stage
4, By requiring that pupils should be tanght:-

‘that the rucleus contains chraomosomes that cavey the genes’

at Key Stage 4 (Life Processes and Living Things. 1.e) the 1993 National
Curriculum not only makes an important relationship between cell structures
explicit, it also gives teachers some opportunity to revisit the basic structure
of the cell {originally tanght at Key Stage 3). By directly following this
requirement with the requirement that pupils should be taught:-

‘how cells divide by mitosis so that growih takes place and by meiosis to
praoduce gametes’

(Life Processes and Living Things, 1.f) the 1993 National Curriculum also
encourages the idea that there is an important relationship between these two
areas.

If penetics, which is often seen as a diflicull subject, is to be taught more
ctiectively then the links between different topics - for example the
relationship between different structures within the cell - need to be made
explicit, as do the basic ideas which underpin the more complex concepts.
While such an approach can’t guarantee that all students will develop a good
understanding of genetics, it will at least pive students the basic information
which they need if they wish to develop a deeper understanding. Asking
students to learn the more complex genetic concepls without [irst giving them
these basic ideas i akin lo asking them to complete a cross word but hiding
half the clues - it might not be impossible, but it is unnecessarily hard.
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Appendix 1- List of Conecepts Related to A Basic Understanding of Genetices and

DNA Technology

A) Basic Genetics
1. Language

a) terms related fo basic genetics (knowledge of terminology)
b} range of organisms

2. Location

a) location of genes within organisms (relationship between structures)
b} location of genes within cells

¢} relationship between structures, from gene to whole organism

d} site of mitosis (somatic cells)

e) site of melosis (germ cells)

3. Function of Genes

a) genes code for proteins (expression/replication)

b} genetic information must be copied to pass on to new cells during
cell division

4. Mechanism of Gene Action

a) a single gene may exist in different (switches/codes/variation) forms
{alleles) which may produce different phenotypes; this results in
variation

b) gene expression depends on environment (internal and external) to
‘trigger’ switches

¢) the ‘code’ is universal - the same in all organisms

d) mitotic cell division (somatic cells, for growth) results in new cells
containing identical numbers of chromosomes and exactly the same
penelic information

e) meiotic cell division (germ cells, for reproduction) resulls in new
cells containing half the chromosome number and different penetic
information (increascs variation)

f) fertilisation gives continuity, {genetic information passes from parents
o ¢hild), and vanation (mixing of alleles)

5. Similarities/Ditferences Between Cells

i) within ore orgunivm

a) different types of somatic cells all contain the same inlormation

by different cell structure/function {somatic  cells) achieved by
differential activation of genes (notion of gene “switches”) - see 4b

¢) germ cells contain different genetic information even though they are
the same type of cell (see de)
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i) between organisms‘within species

a) production of germ cells results in variation [see de/3a) ; random
combination of germ cells al fertilisation leads to even greater variation;
result is that cells from different eorganisms alwavs contain different
genetic information {exception = monozyvgous twins - they anse [rom
same fertilised egg)

b) alleles are source of variation

c) selective pressures will alter the frequency of different vanahons
within the gene pool (i.c. alter the frequency of different alleles)

ifi) between different species

a) all organisms contain genetic (prokaryotic vs. cukarvotic; inlormation
plant vs. animal)

b) the genetic information is always coded in the form of nueleie acids
¢} the code is understood or ‘read’ (translated) in the same way n all
proanisms

d) genetic information is copied and passed on during ccll division in all
OTEHNIEMm S

B) DNA Technology
1. Techniques

a) terms used to describe techniques
b} understanding of the terms

2. Applications
a) real or potential
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Appendix 3{a) - The Size Sequence Probe

The six biological items in the list below are all parts of living systems.

IF Please tick those that you have heard of.

1

cell
chromosome
pene

DMNA

Oroanism

00000 O

nucleus

New write the items that you have ticked, in ovder of size, in the boxes helow.
Start with the largest.

LARGEST

SMALLEST
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Appendix 3(b) - The Size Sequence Probe; Frequency Of Responses

Response

MNumber (“a)

Sample size for this question*

482 (100%)

Responses to “terms’

482 (100% of the sample)

Responses to ‘sequence’
Of these :-
a) unambiguous
| h) unambiguous and including all

479 (99.4% of the sample)

436 (90.5 % of the sample)
400 {83.0 %2 of those asked)

| 51% lerms

! Of group b

. * not beginning the sequence with | 87 (18.0% of the sample;
i ‘arganism’ 21.7% ol group b)

' # beginning the sequence with

' ‘organism, cell.’

. beginning the sequence with

: ‘organism, cefl micleus..’
- spientificallv valid sequence

« suggesting ‘chromosome ' larger

234 {48.5% of the sample;
58.5% of group b)

140 {29.0% of the sample;
35.0% of group b)

85 (17.6% of the sample;
21.3% of group b)

70 {14.5% of the sample

than ‘muclens’ 17.5% of group b)

s suggesting ‘gene " larger than 75 {15.6% of the sample
‘nuclens’ 18.8% of group b)

s sugpesting ‘gene ’ larger than 101 {21.0% of the sample
‘chromosome ' 25.3% of group b)

* ‘sample size ' refers to the total number of studernis who attempied

some part of this question,
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Appendix 3{¢) - The Size Sequence Probe; Range of Unambiguous Responses

Codes:

l1=cell 2=chromosome 3=gene 4=DNA 5=organism &= nucleus

1) those not beginning with ‘orgarnism’

Sequence M of responses Sequence M of responses
132456 | 315462 1
132465 | 325641 |
132546 2 341256 |
132645 1 342136 |
132654 1 352146 1
135426 1 35241a 1
135624 I 356421 2
136524 l 362451 |
143526 1 412356 2
143625 | 413256 1
145236 l 416325 I
153246 1 4236351 1
1534326 1 426315 1
156324 1 431265 1
62346 | 431562 2
162453 1 432165 1
163245 1 431361 1
163425 1 432615 |
165234 1 435126 2
165243 1 435162 1
165324 | 431263 ]
215346 1 451632 1
231436 ] 452136 2
236451 | 45131a 1
243156 I 453162 Z
245136 | 453216 ]
2533414 1 456231 2
254361 1 456321 1
256134 2 462135 l
256314 4 463125 |
256341 2 465213 l
256431 1 625431 l
261343 1 635421 l
263514 1 643251 l
312456 I 632314 2
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Appendix 3 (¢) cont.

2) those beginning with ‘organism’

i) ‘organise, ceff...’

Sequence N of responses Sequence M of responses
512346 8 al4216 2

312364 17 51435326 3

312436 3 14362 2

312634 12 514623 |

312643 1 214632 3

213216 1 516234 70

213246 7 516243 9

313264 Q 516324 40 Corganism, cell, nucleus..”
513426 3 al6342 3

313442 2 316423 i

313624 12 51643z 10

313642 2

it) ‘organism, chromosome...."

Sequence N of responses Sequence N of responses
521436 1 524163 |

521634 7 324318 2

a21643 1 226314 |

323164 | 526341 l

523416 1 526413 2

32364 l

iii} ‘organism, gene...."

Sequence N of responses Seguence N of responses
531264 3 532461 2

531624 4 534126 2

332164 p 334162 2

532416 5 534216 i

B
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Appendix 3 (c) cont.

iv) “organism, IINA,.. "

Sequence M of responses Sequence M of responses
341234 1 542316 3
541236 1 s42613 1
341263 ] 33126 4
341326 4 M3le2 2
541623 2 343216 q
341632 ] 343612 1
342163 1 246213 2

v) ‘organism, nucleus....”

Sequence M of responses Sequence M of responses
361243 1 SH2341 1

361324 1 62413 1

561342 1 562431 1

561423 1 5R3421 1

62134 3 364231 1

562314 [

8l
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Appendix 4(a) - The Living Things Probe

This question is about different living things.
a) Have you heard of the following organisms?

@ For each organism please tick ‘ves'or ‘no .

Vs

trecs

mammals

ferns

VITILSES

flngi

bacteria

L ) e
O e a2

Insects

b) How many cells do yvou think each organism 1s made up of?
@ Far each organism please vick only ONE box.
none one many don't know

atres

a mamrmal

& lern

4 ¥inls

a fungus

a bactenum

LI ooy oy by e
U oojigiddy e
O O O E
L1 O O

an insect
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&) For each type of orgamsm please say whether or not it contains chromosomes.

W For each organism please tick anly ONE box.

ves ne don’t know
a tree [ [] ]
a mammal ] [] []
a fern ] ] L]
a virus [] L] [
a fungus [] L] []
& bacterium H [] []
an insest [] [ ] []

d) For each tvpe of orgamsm, please say whether or not it contains genetic
information.

EIETNR

@ For eqeh orgamism please tick only ONE box.

don’t know

ves ne
a tree ] [] (]
a mammal D E D
a fern [] [] []
8 virus L ] L]
a fungus |:| |:| D
2 bacterium [] [] L
an inset [] [] ]
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Appendix 4(b) - The Living Things Probe; Frequeney (O Responses

Part a: “Have vou heard of .77
474 {100% of total responses to the probe)

[ Tvpe of organism Number of responses
(as a % of Part 8 responses)

tree 474 (100%) ,
mammal 474 (100%) E
femn 467 (9E.3%)
virus A6 (98.7%)

fungns 472 (99 &%)
hacterium 474 (100%)
insect 474 [ 100%)

Part h: “How many cells..
473 (99, 8% of total responses to the probe)

Tvpe of arganism Number of responses
(as a % of Part b responses)
lree 472 (99.8%)
mammal [ ATA100%)
fern 466 (98.5%)
virus 470 (99.4%)
fungus 470 (99.4%) .
bacterium 472 (0 8%)
inse':t_’ 473 [ 100%)

Part ¢: "D they have chromosomes... T
7 (102 afital cespiemsns U iha BYdtee)

| Type of OTganism Number of mpnnﬂes."
(as a % of Part ¢ responses)

| tree 470 (99.2%)
| mammal 472 (90 6}

fermn 468 (U8, T4)

virus 4790 (o0 205}
| fungus 471 (W 4440

baclerium 470 (90 20

inzect 474 (1M)%) o

Part d: * 30 they have genetic informatian,,,
472 (99.6% of total responses to the probe)

Type of organism Mumber of rcﬂl'-u'm.q-m
(as a %% of Part d responses) |
lree [ 472 (100%) 1
mammal 472 (100%)
fern AT (99,6%)
VIrus 470 (9%, 0%
fungus 472 (100%)
bacterium 471 (99, 8%
inzect | 472 (100%) i
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Appendix 4(c) - The Living Things Probe; Relationship Between Chromosomes
and Genetic Information

+C +G -C+G °C+G +C G °C 7G, 7C -G | total
HC -G -C -G, -C?7G | number

mammal 393 12 27 19 20 471
insect 167 10 40 2 33 471
trec 202 67 35 26 119 464
fern 136 a9 34 23 174 dab
fungus 145 64 54 47 160 470
bactena 142 58 58 52 158 468
VITLS 113 63 o3 al 187 468
+( - contains chromosomes + - contains genetic information
- - does not contain chromasomes -G - does nol contain genetic
information A5 - unsure if it contaings genetic
PC - unsure if it contains chromosomes inlormation

B
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Appendix 5(a) - The Biological Terms Probe

In this question we are interested in what you know about the following
bivlogical terms :-

* genes

= DNA

* nucleus

* chromosomes

= alleles

= genetic information
We will ask you about them one at a time.

For each term, please tick ONE box to show whar you know about if and then
answer the guestions.

gENEs

Tick ONE Box
I have never heard of cenes I:'
I have heard of genes but don’t really know what genes are D
I have heard of genes and could say something about genes I:I

Now, of vou can, please answer the following questions, If vou can’™t answer
o guestion, please pui a cross beside 1,

a) Where, 1n vour body, are genes found? -—-

e s I

b) What are genes made up of 7 ceewmemerocmeremmmnacncanaas --

¢} Why are genes important?

BT TR [T e P e e L L E R LR LT TR e

e e e g, e g, g A i i

B7
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DNA

Tick ONE Box
I have never heard of DNA |:|
I have heard of DNA but don’t really know what DINA is D
I have heard of DNA and could say something about DNA I:I

Mow, if vou can, please answer the following guestions. If vou can't answer
a quesiion, please put o cross beside i,

a) Where, in vour body, 158 DNA found?

b) Why is DNA important?

----- e ammmm

nucleus

Tick (ONE Box
I have never heard of 2 nucleus |:|
I have heard of a nucleus but don’t really know what & nucleus is |:|
I have heard of a nucleus and could sav something about a nucleas |:.‘

Now, i vou can, please answer the followimg questions. If you can 't answer
& question, please pud g cross beside 5,

4) Where is the nucleus found 7 --————emmemenaa =

b What does the nucleus contain? ----

¢) What is the function of the nucleus?

EE S T T T L T sy e CEE LT LI ET T

28
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chromosomes

Tick ONE Box

]
L]

I have never heard of chromosomes
I have heard of chromosomes but don’t really know what they are
I have heard of chromosomes and could sav something about them [:l

Now, if your can, please coswer the following questions. If youw can't answer

o question, mlease pul o cross beside il

a}) Where are chromosomes found?

EL LT E

b} What are chromosomes made up of?

LL L T

EmEm

c) Why are chromosomes imporant?

L e L L]

alleles

Jick (OONE Box

L]
[]

[]

[ have never heard ol alleles
I have heard of alleles but don't really know what alleles are
I have heard of alleles and could say something about alieles

Now, if yow can, pleaye answer the following guestion. If vou can 't answer
the question, please pur a crosy beside i,

LT

a} How would vou describe an allele ?

=mm

89
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genetic information

[ have never heard of ‘genetic information’

Tk ONE Box

[]

I have heard of *genetic information” but don™t really know whar it is D

| have heard of 'genetic information” and could say something about it B

Now, if you can, please answer the following question. If you can't answer

e question, please put o ceosy besicle 5

a) What do vou think 15 meant by “genetic information™

i i

a0
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Appendix 5{b) - The Biological Terms Probe; Frequency OF Responses

Part of probe Number of responses
Part 1 - genes 477 (99.8% of total responses to the probe)
{1) fixed response 462 (96.9% of those asked)

{ii)a. where are they found?
b. what arc they made of?
c. why are they important?

{370 (77.6% = © )
| 307 (64.4% = © )

| 383 (80.3% % ¢ o)

Pnrt 2-DNA
(1) fixed response
{ii}a. where is it found?
b. why is it important?

| 478 (100% of total responses to the probe)
| 46% (97.9% of those asked)
208 (p2.2% =~ ol
246 (51.5% * ¢ o

| Part 3 - nucleus

| (1) fixed response

{(ii}a. where is it found?
b. what does is il contain?
c. what is its function?

475 (99.4% of total responses to the probe)
461 (97, I'?"-:- of those kuﬁ:d}

197 {Rq gog w wi 'j
272 {5?..:- " o
232 (48.8% * ¢ ")

| Part 4 - chromosomes

(1) fixed responsc

{ii)a. where are they found?
b. what arc they made of?
¢, why are they important?

476 (99.6% of total responses to the probe)
463 (97.3% of those asked)

2T8(584% = ¢ )
172 (36.1% = © )
[89(39.7% = * o

 Part 5 - alleles

{i) fixed response
{ii}a. how would vou describe one”

474 (99.2% of total responses to the probe)
464 (97.9% ol those asked)
&7 UE (g, & s “ }

| Part 6 - genetic information

{1) fixed response
{if})a. what i3 meant by this?

471 (98.5% of total responses to the probe)
98.1 (96.9% ul Lhose z-lhlf.l.,d}
276 (58.6% ¢ )

S

N
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Appendix 5(c) - The Biological Terms Probe; Outline OF The Coding Scheme

Analysis Of Responses

The main responses to each guestion are set out part by part in the
following pages. Ambiguous or incomprehensible responses are not
listed, nor are views expressed by very few (onc or two) individuals, In
many ¢ases the coding is not exclusive (more than one of the listed

views may have been expressed by one person) therefore the total may
add up to more than 100% at times.

Part 1: Genes
477 students responded to some part of *Genes’
{ 99.8% of those responding to some part of this probe).

‘Where are genes found?’
370 students answered this question (77.6% of those answenng seme
part of “Genes’; 77.4% of those answering some part of this probe)

Number of o of those Yo of those

Responses answering answering

this question this part
(n=370) in=477)

Throughout 276 T4.6 . 3.9
= everywhere (vague) 90 24.3 ' 18.9
s n¢ells (any, all) 118 31.9 } 24.7
» in the nucleus 19 a1 ! 4.0

in the chromosomes 40 10.8 | &4
o in DNA g 24 5 1.9
Specific Regions only 94 254 ; 19.7
o reproductive system 38 10.0

| 7.7

s /3= male system, -
23 = non-specilic -
+ other 58 15.4 11.9

92
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Appendix 5(c), Part 1 conl.

‘What are genes made of?’

307 students answered this question (66.4% of those answenng some
part of *Genes’; 64.2% of those answering some part of this probe)

MNumber of %o of those %o of those
Responses ANSWering answering
this question this part
(n =307) n=47T7)
Cells and Cell Structures 164 53.4 4.4
s orlls 49 16.0 10.3
»  chromosomes 119 388 24.9
s nucleus 2 0.7 0.4
Genetic Material 89 28.9 17.0
s DMNA 84 27.4 18.2
o alleles [ 2.0 1.3
Other Biological Material 8 B 1.7
e proteins/amino acids® 4 1.3 0.8
Information 21 0.8 4.4
v peneral 19 6.2 4.0
s mentions codes 2 0.7 0.4
Kelate to Inheritance 19 .2 4.0
{things received from parents and/or
things to be passed on to oflspring)** |

*(sugars, bases, proteins, hvdrocarbons, amino acids - note the inclusion of proteins and amino
acids; genuine confusion proteins and nucleis acid or misplaced knowledge about chromosamas

and their prodein chromalic)

¥ o Pew (3] relate to reproduction; cggs, sperm oF particles of sperm!

93
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Appendix 5(c), Part 1 cont.

‘Why are genes important?’
383 students answered this question (80.3% of those answering some

_EE

part of *Genes’; 80.1% of those answenng some part of this probe)

Number of % of those % of those
Responses answering answering
this question this part
(n = 383) (n=477)
Determine Characteristics 280 73.1 58.7
s unspecified 154 4i1.2 23
» physical 26 3z 26.4
» mental’emotional’ behavioural 3 .1 48
Carry/Transfer Information 52 13.5 10.9
= between generations 3 9.4 7.5
Control 15 39 il

94
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Appendix S(c), Part 2: DNA

478 students responded to some part of “INA Y
{100% of those responding to some part of this probe).

‘Where is DNA found?’
298 students answered this question (62.3%: of those answering some
part of "DNAT; 62.3% of those answering some part of this probe)

Number of | % of those % of those
Responses ANSWering answering
this question this part |
(n = 295) (n=478) |
Throughout 206 69.1 431
o everywhere (vague) (47 {15.8) (4.8)
o 1n (all) cells (1593 {(33.4) (31.3)
- 1n cells (any, all) 57 19.1 11.9
- in the nucleus L% 6.4 4.0
- In the chromoesomes 21 1.0 4.4
- in the genes 12 208 13.0
Specific Body Structures, Fluids 85 285 18.5
or Chemicals
= blood 64 213 13.4

95
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Appendix 5(¢), Part 2 cont.

246 students answered this question {31.5% of those answering some part of

‘Why is DNA important?’

‘DNA’; 51.5% of those answering some part of this probe)

identity and characteristics of
mdividuals
information necded for life

identity and characteristics of types of

OTgANnIZm
refers to code

Provides The Organism With
Information (Explicit)

vague
production of proteins
transfer of information

Provides The Organism With
Information (Implicit)

Provides People With Information (i.e. |
social use)
» penctic ingerprinting

96

MNumber of

% of those | % of those

Responses answering answering |

this question | this part

_ (n = 248) (n=478)
145 558.9 30.3
LK 33.7 17.2
47 19.1 9.8
4 1.6 0.3
11 4.5 2.5
35 14.2 7.3
24 9.8 5.0
4 1.6 (1.8
7 2.8 1.5
3 12.6 6.5
32 13.0 6.7
11 4.3 23




Warking Pouper 2: Understanding of bosic gessties aad DVA fechinology

Appendix 5(c), Part 3: Nucleus

475 students responded to some part of *Nucleus *

(99.4% of those responding to some part of this probe).

‘Where is the nuclens found?’

392 students answered this question (22.5% of those answering some part of
‘Nucleus’; 82% of those answering some part of this probe)

T

Mumber of %o of those %% of those
Responses | answering this | answering this
question part
(m = 32y (n=475)
In Cells 349 59.0 T3.5
» all cells 342 7.2 T2.0
= certain cells (blood, gametes, skin) T 1.8 1.5
In Atoms 9 i3 1.9
{Jther 34 5.5 72
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Appendix 5(c), Part 3 cont.

272 students answered this question (37.3% of those answering some part of

“What does the nucleus contain?'

‘Muclens’; 56.9% of those answering some part of this probe)

Number of | % of those %o of those
Responses answering answering
this question this part
in=272) (n = 475)

Genetic Materials D6 353 20.2

| » chromosomes 70 25,7 14.7

| genes 41 15.1 8.6

| & DNA 33 12.9 74
o RMA® 2 07 (.4
Information Hi 24.3 13.9
= unspecified 32 11.8 6.7
» information about the cell 14 3.l 2.9
* genetic information 14 5.1 2.9
Cells ! 33 1.9
Reproductive Materials 5 30 L7
{others ineluded seeds, living
arganisms, nuclei, little tadpoles,

| ovaries and things needed for the baby)

| Other Chemicals/Structures 15 3.5 3.2
(apprapriate)

| = liguid/plasma i} ot 1.7

| = membranes 4 1.5 0.8
Other Chemicals/Structures 5 1.8 1.1
{inappropriate) - includes
haemoglobin, blood, hormones and cell
wall
Atomic Structures 34 12.5 7.2
 prolons and newtrons 30 11.0 6.3
Relates to Brain Analogy 8 2.9 1.7

*remember these are nol mutually exclusive
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Appendix 5{c), Part 3 cont.

‘What is the function of the nucleus?’
232 sludents answered this question {48 8% of those answenng some part of

‘Wueclens'; 48.3% of those answering some part of this probe)

o4

Number of | % of those % of those
Responses answering answering
this question | this part
{n=1231) {n=475)
Control of Cell 119 1.3 25.1
+ gzeneral (controls the cell, determines 105 45.3 22.1
characteristics, centre of activity)
# controls cell division 8 34 1.7
= conirols growth 3 1.3 .6
Reproduction 12 5.2 .
* non-specilic 5 b 1.
+ to produce more cells f1 2.6 1.3
Other Functions 45 19.4 9.5
* store/camies information 21 9.1 4.4
s contains genetic material (DNA, 11 4.7 2.3
chromosomes, genes)
o keeps cell alive 8 3.4 1.7
# passes on genetic information 3 1.3 0.6
Ielates to Brain Analogy I8 12.1 5.9
* appropriate use 22 .5 4.6
& inappropriate use f 2.5 1.3
Relates to Atomie Structure 5 2.2 1.1
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Appendix 5(c), Part 4: Chromosomes

476 students responded to some part of *Chromosomes’
{ 99.6% of those responding to some part of this probe).

‘Where are chromosomes found?’
278 students answered this question {38.4% of those answering some part of
*Chromosomes”; 58.2% ol those answering some part of this probe)

Number of % of those % of those
Responses answering this answering this
fuestion part
in=2178) (n = 476)
Within Cells 190 68.7 40.0
* pon-specific Al Z8.5 16.8
¢ infaround the nucleus 3 234 13.7
= in genes/DNA 45 16.5 9.7
Within the Body 54 30.2 17.6
& non-specific 38 13.7 8.0
* in the reproductive system 14 12.2 T.1
* in the blood [l 4.0 23
‘What are chromosemes made of?’
72 students answered this question (36.1% of those answering some part of
‘Chromosomes’, 36.0% of those answering some part of this probe)
Numberof %% of those *s of those
Kesponses | answering this | answering this
| guestion part
(n =172} (0 = 476)
Genetic Structures 109 63.4 2.9
*  oones; gencral 43 25.0 9.0
o genes; different forms of (alleles - §; G 3.2 1.9
dominant/recessive - 1)
« DNA 67 39.0 14.1
Information (general-7; genctic-3) 10 5.8 2.1
Cells 13 13.4 4.5
» omne cell 3 1.7 0.6
e mix of cells ' 20 116 42
Other Chromosomes 15 8.7 3.1
(X and ¥-14; other-1)
Other Biological Material {proteins, 3 1.7 .6
amino acids, bases) :

T
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Appendix 5{c), Part 4 cont.

‘Why are chromosomes important?’
189 students answered this question (39, 7% of those answering some part of
*Chromosomes’; 39.5% of those answering some parl ol this probe),

Importance)

Number of | % of those | % of those
. Responses answering | answering
this question | this part
| {(n=189) {n = 476)
Determine Characteristics of 119 f 630 25.0
Cells/Individuals |
¢ refer to sex determination 29 E 15.3 6.1
e refer to control of development or 20 ' 10.6 4.2
function
o other 70l 7.0 14.7
|
Number/Type of Chromosome 33 ' 17.5 6.9
» number 11 58 23
» contenmt 19 ! 10.1 4.0
Transfer of Information 22 | 11.6 4.6
» gell division (explicit) & ! 3.2 1.3
The use we can make of them (Social 7 A7 1.5
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Appendix 5(c), Part 5: Alleles

474 students responded to some part of *Alleles ’
( 99.2% of those responding to some part of this probe).

‘How would you describe one?’
57 students answered this question (12% of those answering some part of
*Alleles™; 11.9% of those answering some part of this probe)

Number of | % of those %o of those
Responses answering answering
. this question this part
. (n=357) {n=474)
As Characteristics 23 | 40.4 4.9
s peneral 11 i 19.3 23
« refers to relationship between genes 12 21.1 2.5
As a Chromosome 11 19.3 2.3
+ related to sex determination o 10.5 1.2
i, Relate to Chromosomes 4 7.4 0.8
As a Gene 4 7.0 L3
Relate to Genes 3 5.3 0.6

Note
It 1s diflicult 1o pull out any patterns with so few responses.
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Appendix 5{c), Part 6: Genefic Information

471 students responded to some part of *Genetic Information’
(98.5% of those responding to some part of this probe).

‘What is meant by this?’
276 students answered this question (58.6% of those answering some part of
“Genetic Information’; 57.5% of those answering some part of this probe)

Number of Yo of those | % of those
Responses answering | answering
| this question | this part
| (n = 276) (n=471)
| Information which is stored 79 28.6 16.8
'+ non specific 64 23.2 13.6
& asacode 15 i 5.4 . for.
Information which gives instructions 112 | 4.6 238
s control {of cell) 6 ; 4.2 1.3
+ determination of characteristics 106 334 22.5
(whole body)
Information which is passed on 48 17.4 10.2
* between people; general 42 15.2 8.9
s between people; In sperm 2 0.7 0.4
s between cells 6 2.2 1.3
Information which can be used 40 14.5 8.5
(social uses)
s (@) information obtained from an 26 9.4 5.5
OrEanism
¢ (b} application of the information 12 4.3 2.5
gained through (a)

103




Working Paper 2. Understangding of basic genetics and DNA technalagy

Appendix 6{a) - The New Genetics Probe

In this question we are interested in what vou 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.

W Liarrk axt the 9 itemsx,

They are listed for you again at the side.

TIETY

1 55_;: Please tick the ones thal you have heavd af.

eﬁ{\ﬂ% “o
A 20
o0 %o
{'\G 1
o o
c}xﬁﬂ DNA-
O testing
ac
o =
American gOverpE o
. fm-a'.r 1ntnhh ‘G ename :,

, Gene transplant
-...ft, %
%
i

‘Genetic mapping

104

genctic Mapping

DNA fingerprinting
DMNA testing

pene technology

gene transplant

clomng

Human Genome Project
gene therapy

genetic CnENeering

IR

=

0O O000 QL
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rring

Now, il you can, we wonld like you to tell us a little more about the following
three terms =

* genefic engineering

* DNA testing

* Cloning

For egch term please tick ONE box 1o show what you know abowut it and
then answer ihe questions.

(enetic Engineering

Tick (ONE box
I couldn’™ say anything about genstic enginesnng |:'|

I could say something about genefic enginesnng | |

Now, if vou can, please answer the following guesiions. [ you can't answer @
guestion please pui a cross beside it

a) T have heard genetic enginesring mentioned infon

by [ think thet genetic enginesring is

) An example of genetic engineenng would be

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

Cloning
Tk ONE box
[ couldn’t say anvthing about cloming El
I could say something about cloning :I

Newv, if you can, please answer the following questions. If you can't answer a
Iﬁ'.‘n’i".'i'lf.'-:’.-'.l'.' _.r.i'l'.i-:'.‘:?.\'f.' _."_.:'?n'nr OF CTOENY {I'.'l::'.:.'.'.‘.'n'll':' [Fa

&) | have heard cloning mentioned infon -

b 1 think that cloning 1§ —m-mmmemmm e s e

.......................
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DNA Testing

Tick ONE box
I couldn’t say anything about DNA testing D
I could say something aboul DNA festing |:|

Now, if vou can. please answer the following questions. [f you can’t answer o
question please pul a cross beside 1.

a} [ have heard DNA testing mentioned infon

b) I think that DNA testing is

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

c) An example of DINA testing would be i i

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

EW Please say whether or not you have heard of ‘the genetic code
Tick ONE Box
yES I:

Lder o harve any idea what is meant by 'the genetic code ™7

-

Tick ONFE Box
ves |;|
no []

—

Tt

@ Please say what voi think ‘the senetic code ' means.

o o e e e
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e —

Appendix 6(b) - The New Geneties Probe; Frequencey (F Responses

Appendic 6(h) 1 - The Preliminary Study: The Choices

In the 64 responses, only 5 of the 9 items were picked oul in any
numbers. The frequencies were as follows:-

penetic engineering - 23

DNA fingerprinting - 21

DMNA testing - 20

gene ransplant - 13

cloning - 13

Cienetic engineenng was chosen for the main smdy as it was the lerm
which the greatest number of students felt able to respond to.

DNA testing and IDDNA fingerprinting are two terms relating to similar
techniques. DNA festing was chosen in  preference w0 DNA
fingerprinting as there were a similar number of responses to each term
but there was a tendency 1o confuse genctic fingerprinting with ordinary
fingerprinting. Responses to DNA testing were therefore likely o give
us more uscful mformation.

Cloning was chosen as the third term in order (o extend the range of
lechmigues.
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Appendix 6(h) cont.

Appendix 6(h) 2 - The Main Study: The Number Of Responses To Each

Part Of The Probe

Part of probe

NMumber of responses

‘Have vou heard of ..."
- genctic mapping
- DNA fingerprinting
- DN A testing
- gene technology
- gene transplant
- cloning
- Human Genome Project
- genc therapy
- genetic cnginecring

481 (100% of total responses to the probe)
122 (25.3% of those asked)
351 {72.8% of those asked)
399 {82.8% of those asked)
166 {34.4% of those asked)
185 (38.4% of those asked)
257 (33.3% of those asked)
45 (9.3% of those asked)
105 (21.8% of those asked)
FRT (B0.3% of those asked)

Genetic Engineering
- fined response
- where heard of 7

475 (98.8% of total responses to the probe)
461 (97.1% of those askad)
338 (71.2% of those asked)

- what is it? 272 (57.3% of those asked)
- example 196 (39.2% of those asked)
Cloning 474 { 98.5% of total responses to the probe)

- lixed response
- where heard of 7
- what 15 117

[ 472 (99.6% of those askad)
220 (46.4% of those asked)
198 (20.7% of thosc asked)

DNA "-I‘E!ating
- fixed response
- where heard of 7
- what is it7
- example

469 { 97.5% of total responses to the probe)
| 450 (95.9% ol those asked)

331 (70.6% of those asked)

204 (56.3% ol those asked)

202 143.1%0 of those asked)

'I‘he'fu.":::nnti:: Code
- have you heard of it?

- have vou any idea what it is7
- what do you think it means?

474 ( 98.5% of total responses to the probe)
474 (100% of those asked)
470 (99.2% of those asked)
[ 171 (36.1% of those asked)

481 students attempted some part of this probe.
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Appendix 6(c) - The New Geneties Probe; Outline Of The Coding

Analysis OF Responses
The main responses 0 each question are set out part by part i the
following pages,

Ambiguous or incomprehensible responses are not listed, nor are views
expressed by very few (one or two) individuals,

In many cases the coding is not exclusive (more than one of the hsted
views may have besn expressed by one person) therefore the total may
add up to move than 100% at times.

Each part of the probe began with a fixed response question which
would cnable the student to opt out of the subsequent guestions. For
analysis and comparisons we have therefors taken the total number of
people responding to ary question within one part to equal the number
of people asked each question within that part. We assume that, within
one part, those who have answered only some of the guestions had
nothing (o say in response to those which they did not answer.

Part 2: Genetic Engineering
473 students responded to some part of *Genetic Engineering *
{98.3% of those responding to some part of this probe).

‘What can they say about genetic engineering?’
441 students answerad (his question (97.1% of thoss answening some part of
‘(enetic Engineering’; 95.8% of those answering some part of this probe)

| Number of % of those % of those
Responses answering this answering this
. question part
; (n=461) (n = 475)
Something | 257 55.7 54.1
MNothing L #3 | 42.3
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Appendix 6 (¢}, Part 2 cont.

338 students answered this question (71.2% of those answering some part of
‘Genetic Engincering”; 70.3% of those answering some part of this probe).

“Where have they heard of genetic engineering™””’

Number of % of those %o of those

Responses answering this answering
guestion this part
(n=338) (n=475)

At School 166 49.1 34.9 .
| » unspecifizd 3 4.6 17.5 :
|« within scisnce i 23,1 16.4 '
| ® within drama 5
' In The Media 231 68.3 48.6

= news: general, all forms 72 (+3) 22.2 15.9
| e news: specific ilems U

s viewing, unspecified 151 (+1) 45.0 320

e reading, unspecified 11 (+15) 7.7 5.3

= cntertainment, specified context 26 It 33

Other 7 2.1 1.2

o familv 4 1.2 0.9

NOTE: some responses indicated mare than ome source of informarion in the media;
only the first way comnted when totalling the number of individuals getting
thetr information through the media; the second sowree is given in brackets
g0 tran i can be folalled for tvpe of media source.
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Appendix 6 (¢), Part 2 cont.

‘What do they think genetic engineering is?’
72 students answered this question (37.3% of those answering some part of
‘Genetic Engineering’; 56.5% of those answering some part of this probe}.

=R

There were three types of response to this question, each with a different

focus:-

+ mechanism - there were 218 responses of this type; 80.1% of those
responding to this guestion;

s purpose - there were 119 responses of this tvpe; 43 8% of those
responding to this question;

e attitude - there were 37 responses of this type; 13.6% ol those responding
o this gqueastion.

(Note: these responses are rot mutually exclusive.)

a) Mecchanism
218 smudents gave this type of response {80.1% of those answering this
guestion; 46.1% of those answering some part of “(ienetic Engineering’:
45 3% of those answering some part of this probe)

Number of | % of those | % of those

%o of those

Responses | giving this answering answering
response | this question |  this part
(n=218) {n=272) (n=275)
Manipulation Of Genetic 162 74.3 - 596 3.1
Mlaterial 71 41.7 330 19.2
. explicit 71 26 | 261 15.0
» implied (ambiguous) :
Confused With Other 22 111 . a1 4.6
DNA Technologics
Other 32 14.7 11.8 0.7
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Appendix 6 {c), Part 2 cont.

b) Purpose

119 students gave this type of response (% of those answering this guestion:
25.3% of those answering some part of *Genetic Engineering”; 24.7% of those
answering some part of this probe)

Number of | %% of those | % of those % of those
Responses | giving this | answering answering
response | this question this part
n=11"7 in=272) (n=275)
| To Produce A New Organism 9% 80.7 35.3 20.2
» desipn something to order B Td.8 2.7 18.7
| » produce something novel 7 3.9 2.6 1.5
To Repair Faulty Genes 8 6.7 2.9 1.7
Other 15 12.6 3.5 3.2
e related 1o reproduction £ 34 1.3
* o make more of something 2 1.7 0.7
c) Attitude
37 smdents gave this type of response(13.6% of these answering this question;
R.0% of thoss answering some part of *Genetic Engineering’; 7.7% of those
answering some part of this probe)
Number of | % of those | %% of those % of those
Responses | giving this answering answering
response | this question this part
(n=3T) n=271) (n=275)
Good 1% 48.6 6.6 38
» benefits & 16.2 2.2 13
*  progress 3 .1 1.1
s CNciting 3 g1 1.1
Not Good k. 24.3 38 1.9 E
¢ relates o ‘natural’ 5 13.5 1.8 !
s dangerous 2 5.4 |
Potential To Be Either 5 13.5 1.8 1.1 |
5 1.8 1.1 |

Other Views
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Appendix 6 (g), Part 2 conl.

‘Examples of Genetic Engineering’
196 students answered this question (41.3% of those answering some part of
“‘Genetic Engineering; 40.7% of those answering some part of this probe)

Valid Responses

* apriculture

- changing/improving plants

- changingimproving animals

| » medical’social

- to produce medicines

- to put things right (people)
- to put things right (environment)
- to sclect preferred
characteristics

» fictional
Misunderstandings

e other techniques

- cloming

| = lesting

- transplants

» aspects of genstics

- cross breeding

» aspecls of reproduction

- 5¢X determination

| - erealing new plants and animals .

Number of
Responses

o o

124

(59
41
11

3

(37)

14

%o of those %o of those
answering answering this
this guestion part
(n=194) (n =275)
633 26.1
(30.1} {12.4)
20.9 8.4
5.5 2.3
EX 1.3
(29.1) (12.0)
7.1 2.9
11.2 4.6
1.0 <1.0
9.7 4.0
4.1 1.7
32.7 13.5
(9.7) (4.0
2.0 <1
28 [.1
5.6 .
{4.0) (1.9}
3.6 i
{18.4) (7.6)
a3 3.
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Appendix 6 (c), Part 3;: Cloning

474 students responded to some part of ‘Cloning’
{Y8.3% of those responding to some part of this probe).

‘What Can They Say About Cloning?’
472 students answered this question (99.6% of those answering some
part of *Cloning’; 98.2% of those answering some part of this probe)

Number of "o of those % of those
Responses answering this answering this
question part
in=472) . in=474)
Something 200 42.4 42.2
Nothing il 57.6 574

‘Where Have They Heard OFf Cloning?’
220 students answered this question (82,3% of those answenng some
part of *Cloning’; 82.0% of those answering some part of this probg)

Numberof = % of those % of those |
Responses |  answering answering
! this guestion this part
- (n=220) (n=474) |
- At School 72 : 32.7 152 |
» unspecificd 39 [T 8.2
* within science 33 15.0 7.0
= within drama 0
In The Media 166 5.5 35.0
o news: general, all forms 1 =+ | 14.5 6.8
s news: specific items 1 =] =]
* viewing, unspecified 024y | 43.6 203
+ reading, unspecified 3 (+7) 5 2.5
s entertainment, specified 4 22.0 10.2
context
Other or Additional 7 3.2 1.5
o family 2 <] =]
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Appendix 6 (c), Part 3 cont.

‘What Do They Think Cloning Is?’

198 students answered this question (41.8% of those answering some

part of ‘Genes’; 41.2% of those answering some part of this probe)

Number of | % of those %o of those
Reaponses Answering Answering
this question this part
n=198) in=474)
Copving 151 6.3 319
* copying genes/genetic 41 212 B9
information 109 55.1 23,
o copying (unspécilied)
Making 9 4.5 1.9
| » making something from i 3.0 13
| genetic materials
| » making something from bits 3 1.5 =1
of something
Confused With Other 13 6.6 T
Technologies
Alternative/Additional 16 8.1 3.4
Comments
* purpose 7 3.5 L3
= attitudes/Teclings 5 4.0 1.7
* [ictional 5 2.5 1.1
*» examples 1 <] <]
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Appendix 6, Part 4: DNA Testing

469 students responded to some part of “DNA testing’
{97.3% of those responding to some part of this probe).

‘What Can They Say About DNA Testing?'
450 students answered this question {93.9% of those answering some part of
‘DNA Testing”; 93.6% of those answering some part of this probe)

Number of %u of those %o of those
Responses answering this answering
f question this part
(n = 450) in=469)
| Something 265 58.9 36.5
| Nothing 185 41.1 39.4

‘Where Have They Heard Of DNA Testing’

33] students answered this question (70.6% of those answenng some part of
‘DNA Testing’; 68.8% of those answenng some part of this probe)

| Number of %% of those "o of those
Responses | answering this | answering
guestion this part
(n =) in = 469)
At School 117 353 24.9
= unspecified 63 19.0 13.4
s within scicnee 52 15.7 11.1
* within drama 2 <] <]
| In The Media 250 77.3 54.6
: s news: peneral, all forms 63 (+1) | 19.3 15.4
= news: specific items 4 1.2 <]
s viewing, unspecified 165 (+3) | 408 2.
| = reading, unspecified &{+10) 48 34
| » entertainment, specified 43 , 13.6 9.6
. context g
| Other or Additional 7 ' 2.1 1.5
| » family 0 .
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Appendix 6 (c), Part 4 cont.

‘What Do They Think DNA Testing Is?’
264 students answered this question {56.3% of those answering some part of
‘TINA Testing’; 54.9% of those answering some part of this probe)

| Number of % of those | % of those
! Responses | answering this | answering
i guestion | this part
| (M=264) | (n=469)
| Comparing Or Identifying | o8 371 20.9
| in general | 5 1.9 | L1
* {0 identify individuals ' B4 26.1 14.7
o toidentify disease - 13 ; 5.5 303
Finding Out More 76 25.8 16.2
e abow DNA or genes 33 125 ' 1.0
» aboul the body or 43 16.3 . 02
OTEANISMS !
‘A Test For Genes' (Very 43 16.3 _ 9.2
General) i
Confused With Other 10 3.8 ' 2.1
Technigues
Confused With Aspects Of 8 30 1.7
Genetics
| Attitude 23 8.7 4.9
s« pond 13 449 | 2.8
s not pood 3 1.1 e |
i * mixed 1 <] <1
» other feelings (non- b 1. | B
Judzmental
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Appendix 6 (¢), Part 4 cont.

‘Examples of DNA Testing'
202 swdents answered this question (43.1% of those answering some part of
‘DINA Testing’; 42% of those answering some part of this probe).

Number of | % of those | % of those
Responses | answering this | answering
| qguestion | this part
[ =202y | (n=4869)
Valid Examples 171 f 84,7 L 365
» personal identification (134 | (67.3) o (28.0)
- forensic 3.3 i 43.6 i 188
- paternity 23 | 11.£ | 4.9
- fingemprinting* 25 12.4 5.3
» identification of specific (29 (14.4) [ {62)
charactcristics
- inherited disorder 1 11 54 2.3
- diseages** . 3 L. <]
- prenatal diagnosis*** ' 13 . 7.4 10.7
s other potentially valid but (13) _ (7.4} {10.7}
ambiguous examples '
- blood testg**** ; 14 6.9 3.0
Specific Misunderstandings | 31 9.5 6.6
» other techniques {13 ; (6.4) (2.8)
| = refer to Jurassic Park ' 8 i 4.0 1.7
| & other Lesling (6) ; (3.0) {1.3)
- AIDS/HIV 4 ' 2.0 <]
| - animals 2 <] |
| Other 11 5.5 2.
» scientific research 5 | 25 1.1

Adl responses marked with an asterix are ambiguous -

¥ Sometimes fingerprinting was used to refer to DNA testing and
sometimes Lo refer to traditional fingerprinting: it was not
passible to separate these.

**  DNA tests can only identify genetic disease; other tests can be
used to identify many other discases; it was not possible to
separate out those who were aware of this and those who were
confusing tyvpes of test and types of discasc,

##%  There are several different forms of prenatal diagnosis, only
one of which involves DNA testing; it was often not possible to
ilentily which type the student had in mind.

#E** These may have been referring to the DNA testing of hload
samples or they may have been referring to traditional blood
testing for blood groupings; it was not possible to separate
these out.
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Appendix 6, Part 5: The {zenetic Code

474 students responded to some part of ‘The Genetic Code *

{98.3% of those responding to some part of this probe).

‘Have They Heard Of ‘The Genetic Code'?’

474 students answered this question {100% of those answering some parl ol
“The Genetic Code’;, 98.3% of those answering some part of this probe)

Mumber of % of those
Responses answering this
question
; i (n=474)
Yes ; 191 0.3
Na 283 59.7

e — o

“o of those
answering this
part

‘Do They Have Any Idea What ‘The Genefic Code’ Means?’
470 students answersd this question (99.2% of those answering some part of
*The Geneatic Code”; 97. 7% of those answenng some part of this probe)

Number of | % of those . %o of those
Responses ! answering this | answering this
guestion part
| in=470) m=474)
Yes N 131 179 27.6
No 339 T2.1 T1.5

11%
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‘What Do They Think ‘The Genetic Code” Means?’
171 students answered this question (36.1% of those answering some part of
‘The Genetic Code’; 35.6% of those answenng some part of this probe)

Number of Yo of those Yo of those
Responses | answering this | answering
guestion this part
(n=171) (n=474)
Information Within The 56 32.7 RTE:
Person 46 26.9 9.7
# personal 1D or “bar code’ o 3.3 1.9
« penabic make up of a ] <] <]
person
s olher
| Information Within The 38 22, 8.0
| Cell 22 12.9 4.6
| » orpanisation of the genes 3 1.8 =]
-+ information in the genes 2 1.2 <]
| » function of the genes 7 4.1 1.5
| & the type of gene 4 2.3 <]
s other
Information Within The 37 21.6 1.8
Gene (26) {13.2) (3.3)
» organisation of the 1 B.4 23
DN Afbases 1: 5.5 kb
- srructure of gens/DINA {10 {3.8) {2.1)
- sequence of the (1 (=1) (1)
bases TN A
= nformation in the DNA
= olher
Orther 41 4.0 B.6
| ® wvery peneral 25 14.6 =
' » confusion with other 10 5.8 2.

technigues




