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Hypothesis

Lay understanding of genetics: a test of a

hypothesis

Martin Richards, Maggie Ponder

Abstract
There have been growing calls for more
education in genetics for the public and in
schools. However, studies of the public,
school children, and those who have re-
ceived genetic counselling show that
understanding ofscientific genetics is very
limited. A hypothesis to explain this lim-
ited understanding is proposed and tested.
It is argued that there is a widespread lay
knowledge of inheritance which conflicts
in a number of aspects with scientific ex-
planations and which impedes the as-
similation ofthe latter. It is suggested that
this lay knowledge is derived from con-
cepts ofthe social relationships ofkinship.
Concepts of kinship ties are sustained by
everyday social activities and relationships
which may make them resistant to change.
A prediction which follows from the hy-

pothesis that the lay understanding ofgen-
etics is derived from concepts of family
and kinship relationships is that closeness
in genetic terms will be determined by
the closeness of the family ties of social
relationship and social obligation. While
the proportion of genes shared with par-
ents, children, and sibs is, on average, the
same, kin relationships and obligations are
much stronger between parents and chil-
dren than between sibs. The hypothesis
was tested in a questionnaire study of two
samples of adult women (n =64 and n =
113) and one ofsocial science students (n =
73). In all three groups a higher proportion
of subjects gave the correct response for
the proportion of shared genes with a
father and child than with a sister, uncle,
or grandmother. In the cases of sisters
and uncle (and grandmother), there was
a consistent tendency to underestimate the
degree of genetic connection as predicted
by the hypothesis. Answers to other ques-
tions are consistent with the hypothesis.
The fundamental implications ofthe hy-

pothesis for genetic education in the clinic
and classroom are outlined.
(JMed Genet 1996;33:1032-1036)
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In recent years there have been growing calls
for more public education in genetics. -3 This

is justified on the grounds that a more general
"genetic literacy" is a precondition for ap-
propriate use of predictive tests and other new
genetic techniques and would lead to more
public involvement in debates on the ethics and
deployment of new technologies. In Britain,
responses to these calls include a growing rep-
resentation of genetics in the National Cur-
riculum for schools. However, despite such
moves, and indeed the efforts to popularise
mendelian genetics throughout the century,
public understanding of scientific genetics is
very limited. This has been shown in studies
of school children and young people,"15 those
who have attended genetic counselling,9-12 and
the public at large.81314

This paper describes a hypothesis which
might account for the poor public under-
standing of genetics and a test of this. It is
argued that the mendelian explanation conflicts
in a number of ways with a lay knowledge of
inheritance which is general in society. The
conflicts between the mendelian explanation
and pre-existing lay knowledge makes the as-
similation of the scientific account difficult. A
similar point has been argued in the context of
the classroom and it has been suggested that
the presence of previous ideas which students
bring to a class may interfere with their
acquisition of scientifically acceptable
concepts.7"
We further suggest that lay knowledge of

inheritance is grounded in concepts of kinship
that are themselves sustained by everyday social
activities and relationships, which may make
them particularly resistant to change.
Knowledge about the inheritance of family

characteristics is part of family culture in west-
ern societies. Such knowledge includes the in-
heritance of physical characteristics, of aspects
of behaviour, character, personality, man-
nerisms, and personal habits, as well as health
and proneness to illness.""'9 For example,
much family discussion of a new baby or of
family photographs or portraits centres around
questions of resemblances and who "takes
after" whom. Some members of families which
carry inherited disorders are only too well aware
without the intervention of genetic counselling
that the disorder "runs in the family". Research
with families with a family history of ovarian
and breast cancer indicates that some describe
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Lay understanding of genetics

a "proneness" to the cancer which is passed
from mothers to daughters.202'
Lay accounts of inheritance diverge from

mendelian explanations over the nature of a
hereditary substance and in the segregation of
phenotypic characters. In lay accounts sexual
intercourse and conception are identified as the
key processes in which maternal and paternal
contributions are united, but exactly what is
transmitted between generations usually can-

not be specified. Some of our interviewees
mention "genes", "DNA", or "chromosomes"
being passed on to children but most lay de-
scriptions do not specify how these may be
related to inherited (phenotypic) characters.
Often these terms seem to be used to denote
a general concept of inheritance rather than
referring to a physical substance that is trans-
ferred between generations. Lay descriptions
generally lack concepts ofgenotype and pheno-
type and the idea of a developmental process
that links these. This, of course, makes ex-

planation of gene expression and penetrance
very difficult in the clinic.

Often phenotypic characters are seen as being
joined together and are passed between gen-
erations in collections, that is, frequently there
is no concept of the segregation of mendelian
characters. Those family members who re-

semble each other are often seen to share "a
proneness" for the disorder that runs in the
family.22 A respondent may say that they "take
after" a family member who had a familial
cancer and so they are likely to get it, or the
converse. Ideas such as this (or skipping a

generation) are often used to account for the
intermittent appearance of mendelian diseases
in families.
The general features oflay explanations seem

to be derived from ideas of social connections
between kin.'8 The link we are postulating
between ideas of kinship and inherited con-

nections is consistent with what is known of
the development of these concepts in children.
Four to five year old children have been shown,
using animal examples, to believe that those in
the kinship relationship of parent and child are

more likely to share physical and behavioural
characteristics than similar looking animals
which are unrelated, but are friends."' In a

similar study, but using human examples, chil-
dren of this age expected offspring to resemble
parents in terms of physical characteristics but
they drew no distinction between adoptive and
biological parents. Only after the age of 7 did
a significant (56%) number of children draw
this distinction suggesting that only by this
age had children begun to understand that
the resemblances were transmitted by re-

production.23
The English (and North American and other

societies derived from western Europe) kinship
system is bilateral. That is to say that a more

or less equal social role is given to the two
sides of the family.2"26 This system of bilateral
kinship parallels the idea common to most lay
accounts that children inherit a more or less
equal set of characteristics from each parent
which mix to form the child.

Our kinship system is also one that em-
phasises descent.27 Goods and property are
usually passed down from parents to children.
Social and legal obligations follow the same
vertical pattern linking parents and children
much more strongly than lateral links between,
say, brothers and sisters. Grandparents are part
of the same descent system and, for instance,
this is articulated in the legal system which
acknowledges their connection with their
grandchildren in ways that are not true be-
tween, for instance, uncles and aunts and neph-
ews and nieces.28
A prediction follows from the idea that family

relationships and kin form the basis from which
the lay understanding of inheritance is derived:
the perceived closeness in inherited (genetic)
terms will be determined by the closeness of
the family ties of social and emotional re-
lationship and of obligation, duty, and re-
sponsibility. This can be tested by examining
situations where there is a divergence between
the genetic connection on one hand and the
strength of the kin tie on the other. The com-
parison of the perceived genetic connections of
parents and children on one hand and sibs on
the other provides a test of the hypothesis. If
lay knowledge of inheritance is derived from
kinship understanding, we would predict that
respondents would see genetic connection
closer in the former case than the latter. The
studies reported below set out to test this pre-
diction.

Methods
Questionnaires designed to assess public know-
ledge of genetics and attitudes to new genetic
technologies were sent to two samples of
women and distributed to a mixed student
group in a class. Here we will only report data
concerned with ideas ofgenetic connectedness.
The respondents (n = 64) were members of
Women's Institutes (a voluntary organisation
concerned with adult education) throughout
the UK who had volunteered to attend a three
day residential course, "Genetics Now", on
new genetic technologies. Each woman was
sent a questionnaire before the conference. In
addition, she was asked to pass on two further
identical questionnaires to two fellow members
of her Women's Institute branch of similar age
with similar numbers of children, who were
not going to the conference. This provided
a further 113 respondents ("friends"). The
response rates were 100% for the conference
attenders and 88% for their friends. A slightly
modified version of the questionnaire was also
completed by a class of first year university
social science students (n= 73). Their response
rate was 100%. The average ages for the three
groups were 56 years for the conference at-
tenders, 54 years for the friends, and 19 years
for the students. Sixty eight percent of the
students were female.
The questionnaires included the questions

"what proportion of genes does someone, on
average, share with their father, sister, child,
uncle, grandmother?" The possible response
options were none, 5%, 15%, 25%, 50%, 75%,
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Table 1 What proportion of genes does someone, on average, share with their father, sister, child, uncle, and
grandmother, as percentages. Correct answers in bold

None 5% 15%0 25% 50% 75% 100% Don't know

Pre-conference (n =64)*
Father - - 2 - 92 - 2 5
Sister 3 3 27 31 5 11 19
Child - - - 3 91 - - 6
Uncle 5 11 14 36 5 - - 29
Grandmother - 3 13 70 2 - - 13

Non-attenders (n - 113)*
Father - - - 3 62 3 - 32
Sister - 2 6 23 12 6 4 47
Child - - 1 5 54 4 - 37
Uncle 3 12 18 14 3 - 50
Grandmother 1 7 12 35 1 1 - 43

Students (n=73)*
Father - - 1 4 73 4 1 17
Sister - 1 4 34 11 6 7 37
Child - - - 7 64 3 3 23
Uncle 1 19 22 18 4 - - 36
Grandmother - 16 19 39 - - 26

* There are some slight variations in the numbers for some questions because of missing data.

100%, or don't know. These particular kin
terms were selected to include both "descent"
(father, child, and grandmother) and "lateral"
kin (sister) to test our prediction and provide
a balance of terms relating to each gender.
Grandmother was included as an example of
kin in the line of descent but with whom social
connections are less strong than with parents
and children, and uncle as an example of lateral
kin in the previous generation.

Results
Those going to the conference, their friends,
and the students all gave a similar pattern of
answers to the question about the proportion
of genes shared with the five different relatives.
In each group a majority selected the correct
response for father and child, but this was only
true for a minority of each group with sister
and uncle (table 1). For these latter two ques-
tions the majority underestimated the degree
of shared genes while the numbers saying they
did not know increased sharply.
For all three groups significantly more re-

spondents gave the correct mendelian answers
for father than for sister. The friends and stu-
dents gave significantly more correct responses
for father than child but here the numbers are
very small. There were no significant differ-
ences in any of the three groups between the
number of correct answers for uncle and sister.
For all three groups there was a significant

tendency to underestimate the number ofgenes
shared with sister, uncle, and to a lesser extent
with grandmother, but not father or child.
There were significantly more don't know

responses for the questions about sisters,
uncles, and grandmothers than for fathers.
However, perhaps surprisingly, there were sig-
nificantly more friends and students who
answered don't know to the questions about
child than father, but numbers for this com-
parison are very small.
There were significant correlations between

the way people answered for the five different
relationships (Spearman correlation co-
efficients all reached significance of p<0.05).

This indicates that people were largely con-
sistent in their responses.
Two other questions in our questionnaire are

relevant to our hypothesis. Respondents were
asked to state whether or not a series of state-
ments were true, false, or that they did not
know. A majority of respondents indicated cor-
rectly that the statement that "a daughter in-
herits more of her genes from her mother than
her father" (91, 73, and 70% for conference
attenders, friends, and students respectively)
was false. Believing this statement to be false
is consistent with a bilateral kinship system
which does not have different terms for kin on
the two sides of the family. However, responses
to another statement, "human eggs and sperm
contain half the amount of genetic material
found in other cells in the body", indicate a
widespread view which is not consistent with
the process of mendelian inheritance. While
59% of the conference attenders thought this
statement was true, this was so for only 47%
of the students and 28% of friends.
Those going to the conference, compared

with the friends, tended to have significantly
more post 16 education and those in em-
ployment were more likely than their friends
to have a job with a medical or scientific con-
nection. Significantly more of the attenders
stated that a family member had an inherited
disorder (53% v 27%), that they had received
genetic counselling (15% v 3%), and had had
experience of inherited disorders outside the
family (58% v 28%). That they had volunteered
to go to the conference indicates an interest in
genetics. These factors seem likely to account
for the higher proportion of mendelian re-
sponses from them as compared with the Wo-
men's Institute members who were not going
to the conference.29 Of the 73 students, nine
had taken biology at A level. This (small) sub-
group were more likely to have chosen the
correct mendelian responses.

Discussion
The pattern of responses across the groups was
remarkably consistent and clearly follows the

Richards, Ponder
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prediction derived from our hypothesis. The
proportion of genes thought to be shared with
fathers and children was more often correct
than for other kin. Not only was the proportion
of each group making the correct response
much lower for the other three relatives, but
there was a consistent tendency to under-
estimate the proportion of shared genes, espe-
cially for sisters and uncles. The higher
proportion of respondents who indicated that
they did not know the proportion for sister,
uncle, and grandmother, compared with father
and child, suggests more uncertainty for the
connection with the more distant relatives. This
would be paralleled by more uncertainty of
kin obligations and duties in respect to these
relatives.28 This was less marked for grand-
mother, perhaps reflecting the position of this
relative in the line of descent.
The greater proportion of those going to

the conference selecting the correct responses
suggests, in view of their longer education,
higher proportion of relevant employment, and
interest and involvement in genetics, that this
is the result of more scientific knowledge of
genetics. Results for the student sample are
consistent with this interpretation. In other
words, for these people, a scientific perspective
on these matters has come to predominate over,
or replace, lay knowledge.

It might be suggested that the pattern of
results could be explained by the fact that,
while the proportion of genes transmitted from
each parent to a child is fixed, there is individual
variability in the case ofthe lateral relationships.
However, while this consideration, assuming it
is understood by the respondents, could lead
to more uncertainty about the relatives other
than parents and children, it does not explain
why the proportion shared is systematically
underestimated for the other relatives. How-
ever, such uncertainty might contribute to a
higher proportion of respondents stating they
did not know the answer in the case of other
kin. More simply, it might be suggested that
people have more difficulty in calculating ratios
for more distant kin.30 However, this would not
explain the systematic pattern of un-
derestimation for the more distant kin. There
seems no reason to expect errors in calculation
to follow this pattern. However, this factor
might help to explain the higher proportion
saying they did not know the answer for more
distant kin.
One further point needs to be made about

the perceived connection between parents and
children. In all three groups, a higher per-
centage of respondents gave the correct re-
sponse for the proportion of genes shared with
a father and a child than for other relatives.
Very few respondents gave incorrect responses
for these two cases. There was also a significant
number of respondents who did not know the
answer to the question about father and, par-

ticularly, child. This, together with the answers
to our question about mothers and daughters,
suggests that while many adults recognise the
equal contribution of the two parents to in-
heritance, a significant minority may not. This
is consistent with the evidence that, for some

people, the belief is that the proportion of the
contribution of each parent may depend on
such individual features as the "strength" of
the particular characteristic or whether or not
it is "dominant", rather than there being an
overall rule describing the situation. Many
school children and a few adults believe that
paternal influences are more important for
sons, and maternal influences for daughters.46
In our study, about 1 2% of friends and students
thought the statement that "a daughter inherits
more of her genes from her mother than her
father" was true; the figure was 5% for the
conference participants.26 These considerations
will be relevant when counselling families with
sex linked disorders or for conditions which
largely affect one sex, such as breast cancer.2'l
The hypothesis described in this paper could

be further tested by examination of these ques-
tions in cultures with differing patterns of kin-
ship connectedness. It is planned to do this
with a number of ethnic communities from the
Indian subcontinent. These are cultures which
tend to emphasise lateral kin connections much
more strongly than is the case for English kin-
ship and draw distinctions between roles of
relatives on the two sides of the family. These
considerations make these cultures a good test
for the hypothesis. It might be added that if
the hypothesis is correct one might expect to
encounter particular problems in genetic coun-
selling with members of these ethnic mi-
norities.3"
The hypothesis presented here, if correct,

has considerable implications for genetic edu-
cation in the clinic, classroom, and more gen-
erally. It lends support to the view that any
explanation should begin from an under-
standing of the pre-existing knowledge that a
person may bring to a learning situation and
focus on the conflicts between this and the
mendelian explanation.'82' In short, education
should proceed, as has been long advocated by
some in science education,32 from the "bottom
up" rather than the traditional "top down"
approach which begins with the scientific po-
sition and attempts to provide a simplified
account of this. Top down accounts which
ignore the previous knowledge of those who
come to genetic clinics or of school pupils733
are unlikely to be successful in achieving wide-
spread scientific understanding. We are cur-
rently engaged in designing empirical tests ofan
evidence based bottom up approach to genetic
education in schools and clinics.'8
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