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ABSTRACT ARTICLE HISTORY
Despite girls enjoying and being good at physics, the proportion of Received 23 November 2020
girls studying physics and going into physics related careers still Accepted 18 December 2021

lags behind that of boys. A large volume of research exists on the
factors related to the uptake of girls into physics, however little
research looks at the link between parents and their child’s
physics uptake. Research shows that children’s attitudes towards
physics correlate strongly with their parents’ attitudes, but more
research is needed. The evidence presented here moves the
research forward by modelling a number of parental attitudes
and background characteristics to establish the strength of
association with their child participating in physics in the future.
It also develops validated scales for use with parents and
suggestions for interventions to establish causality. 2,049 parents
and carers of 13/14 year old children in England completed the
survey. The findings indicate that parents who enjoyed physics,
consider physics useful for getting a job and judge their child as
academic, have the strongest associations with their child’s future
participation in physics. Other key variables include the parent
valuing physics, the parent attending school outside of the UK,
the child being a boy and parents judging daughters as
courageous and/or determined.

KEYWORDS
Girls in physics; parent
attitudes; parent aspirations

Introduction and rationale

Despite girls being good at physics, the proportion of girls studying physics and going
into physics-related careers still lags behind that of boys (IOP, 2018; Ma, 2011; Riegle-
Crumb et al., 2006). Evidence from Freeman (2004), IOP (2018) and Nord et al.
(2011) shows the gender gap has remained a problem for over 35 years. Figures from
2016 (I0OP, 2018) show girls perform just as well as boys in physics at GCSE, but only
1.9% progress to study physics A-level (the academic qualifications studied at post-16
in England, Wales and Northern Ireland), compared to 6.5% of boys. As stated in IOP
(2018) Generations of innovative, talented and brilliant girls are being led to believe
they can’t be engineers, scientists, programmers or technicians. As well as addressing
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this social inequality, enabling more girls to take up physics A-level would help tackle the
skills gap in the UK and much of the developed world, increasing economic, technical
and intellectual progress (e.g. Gorard & See, 2008; IOP, 2018). The gender gap exists
despite the large volume of research published on the factors related to the uptake of
girls into physics. However, very little research exists on the link between parents’ atti-
tudes and their child’s physics uptake, an area that shows promise and needs further
research (Archer et al., 2012). We begin this paper by summarising the literature on
factors associated with the uptake of girls into physics, followed by a focus on parent
and carer attitudes and aspirations with their child’s uptake of physics. The research pre-
sented here moves forward our understanding of parental involvement in the physics
gender gap, through the development and validation of a survey that explores in
greater depth the strength of the relationship between various aspects of the parents’ atti-
tudes and beliefs. Both how they are linked with their child’s future participation in
physics and how ‘thinkable’ it is for their child to study physics, i.e. whether they can
picture their child in physics.

Background literature
Factors associated with the participation of girls in physics

There are numerous studies exploring the factors associated with girls’ participation in
physics, as illustrated by the extensive literature review in Murphy and Whitelegg
(2006). The authors found evidence of multiple factors related to girls” participation in
physics. Participation was found to be related to career aspiration, interest and enjoy-
ment in physics, views of the relevance of physics, the impact of teachers, being in a
single-sex school, achievement and self-concept, perceptions of the difficulty of physics
and assessment processes.

Mujtaba and Reiss (2013a) investigated which specific aspects of classroom practice
were linked to future participation in physics. The strongest item linking perceptions
of teachers with an intended participation in physics was ‘teachers’ encouragement of
individual students to continue with physics after the age of 16’ and that girls were
less likely to receive this encouragement. They also found that girls had fewer positive
experiences of physics lessons and physics education compared to boys. Furthermore,
even stronger associations with future participation in physics were linked to the
concept of ‘extrinsic material gain’. In particular, the thought that physics will help the
students get the job they want in the future, physics being considered interesting, and
physics being considered valuable. Mujtaba and Reiss (2013b) go on to show girls’
future participation in physics is also linked to being competitive and tending to be
less introvert.

Gorard and See (2008) link attainment and socio-economic background to partici-
pation in science post-16. They argue that because socio-economic status is linked to
attainment, the participation in science by those in lower socio-economic groups are
lower as prior attainment in science is often used to determine future participation.
The authors suggest that prior attainment should not be used to determine future par-
ticipation as entering higher education and becoming a scientist need not be the only
reason to study science.
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Several studies suggest that students’ interest in science varies over time and is, in
general, higher at the age of 10/11 with little difference between the genders but their
interest drops year on year, with girls’ interest dropping faster than boys’ (e.g. Barmby
et al.,, 2008; Murphy & Beggs, 2005). There is also evidence that children’s interest in
science is formed by the age of 14 and that career aspirations in science at this age are
strongly associated with university science uptake (e.g. Lindahl, 2007; Tai et al., 2006).

DeWitt et al. (2014) found most students in their sample of young people aged 12-13
years enjoyed school science and had positive views of scientists. However, these attitudes
did not translate to an interest in science careers. They suggest there is a mismatch
between the students’ own identities and how they view scientists, and this prevents par-
ticipation in science careers (see also DeWitt et al., 2013; Markus & Nurius, 1986).
DeWitt et al. (2014) highlight the importance of working with schools and families to
help broaden the image of science and science careers so that young people can identify
with it. They also suggest the importance of emphasising the value of continuing science
as it opens doors to non-science careers. DeWitt and Archer (2015) describe aspirations
as a proxy that science is ‘thinkable” for a student (Archer et al., 2010). They also link
aspirations to future choices and participation (see also Atherton et al., 2009; Tai
et al., 2006). DeWitt and Archer (2015) discuss how aspirations are relatively stable
over time and are shaped by social identities and inequalities, parental and family
factors as well as the young person’s experiences of school science. High aspirations
were strongly associated with males, those families from some ethnic minority back-
grounds (Asian, black and other), with high levels of cultural capital. However, the stron-
gest association with aspiration were linked to the young person’s attitude towards school
science and the attitudes of their parents. These links are complex in that positive atti-
tudes towards school science and positive parental attitudes do not always translate
into science aspirations. DeWitt and Archer (2015) suggest ‘science capital’ (for
example parents with post-compulsory education science qualifications and careers in
STEM) may also be important and explain the lack of direct translation. Such an environ-
ment may mean science is part of their child’s everyday life at home.

Research suggests young people’s views of scientists do not match their own views of
themselves (particularly for girls). Losh (2010) highlights research that shows both adults
and students see scientists as lonely, ‘socially inept, workaholic males’. Newton and
Newton (1992, 1998) demonstrate similar results in children’s stereotypical views of
scientists as balding and bespectacled men working alone in laboratories. Harvard
Crimson (2005) and Terzian and Grunzke (2007) suggest girls are not choosing
science careers due to the lonely workaholic stereotype. Helford (2000) and Losh
(2010) suggest the media portray female scientists as ‘superwomen’. Francis et al.
(2017) show that physics is perceived as ‘quintessentially masculine’ and ‘hard’. Whilst
Archer et al. (2013) argue that many girls think of themselves as ‘girly’, ‘normal’]
caring’ and ‘active’ and that this does match their perception of physicists being
‘clever/brainy’, ‘not nurturing’ and ‘geeky’. It is therefore not surprising that Archer
etal. (2017) suggest that girls need to be ‘exceptional’ to overcome these barriers to visua-
lising themselves in physics. Furthermore, stereotypical views may be implicit, with the
international work of Nosek et al. (2009) demonstrating that higher levels of implicit
stereotyping around gender and science in the adult population can adversely affect
science achievement in a nation’s young people.
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DeWitt et al. (2019) found that those who consider physics as difficult and masculine
may not conclude that physics is for them, regardless of gender. Archer et al. (2012,
p. 904) state that more needs to be done within STEM participation policies to make
science a ‘thinkable’ career option for all. Archer et al. (2012) suggest increasing children’s
and parents’ knowledge of the wide variety of science careers and they also agree with
Adamuti-Trache and Andres (2008) and Lyons and Quinn (2010) that science education
needs to do more to highlight value of science qualifications for future employment.

Parent associations

There is a strong, but complex link between families (including parents) and their child’s
engagement, aspirations and attainment in science, but studies in this area are limited
(e.g. Archer et al., 2012; Aschbacher et al., 2010).

Parents and carers have been linked to the gender gap in STEM participation (e.g.
Archer et al., 2012; Tenenbaum & Leaper, 2003). Tenenbaum and Leaper (2003) demon-
strated that parents were more likely to believe science is less interesting and more
difficult for their daughters than for their sons and their beliefs about their child were
significantly associated with their child’s interest and self-efficacy in science. Andre
et al. (1999) also found that parents perceived boys as more competent in science,
and, as well as having higher expectations for boys, they considered science a more
important subject for boys. Jacobs et al. (2006), show that parents’ gendered attitudes
towards occupation expectations when their child is 15 are associated with their
child’s own aspirations at 17. Furthermore, the parental career expectations for their
child at 17 were found to be related to the actual job the child had at 28. The same
authors also found that women in gender non-traditional jobs, such engineering or con-
struction work, had higher levels of job satisfaction compared to any other group. This
highlights the importance of educating parents about the importance of gender non-tra-
ditional jobs and the importance parental expectations play (Jacobs et al., 2006).

Jacobs (1991) identified a link between parents’ gendered views and their child’s self-
concept and performance in maths, but showed it was more complex than a direct link.
Gendered stereotypes influence the parents’ beliefs about their child and the beliefs
influence the child’s self-perceptions which in turn influence the child’s performance.
Similarly, in Finland, Rity and Kérkkainen (2011) found that the parent’s views are
related to their views of their child’s own competence in mathematics (a similarly
male-dominated subject to physics). Parents believe mathematics is easier for boys
than girls, but interestingly when the parents’ views changed over time to anti-stereoty-
pical views, they viewed girls as having greater maths competency than boys.

Breakwell and Robertson (2001) looked at attitudes towards science over time in the
UK. Girls were found to like science less and this did not change over the 10 years they
examined students of the same age. However, there was evidence that mothers’ support
for science in the more recent data has increased and is positively linked with their child’s
attitudes and involvement is science.

Parent expectations may also be related to ethnicity, with Asian American parents, for
example, having particularly high expectations for their child’s science education (Asch-
bacher et al., 2010; Gilmartin et al., 2006). Socio-economic differences are another factor
linked to STEM participation (Archer et al., 2012; Aschbacher et al., 2010; Royal Society,
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2006; Tai et al., 2006). Aschbacher et al. (2010) link high achievement in science with
affluent families with strong scientific social capital. Archer et al. (2012) build on this
research by demonstrating that when socio-economic, cultural and ethnic beliefs are
in alignment, science is a ‘natural’ choice, i.e. those who are middle class, have an
ethnic background that values science and have social and science capital are more
likely to consider science.

Parental background, attitudes, beliefs and expectations influence their child’s attitude
towards physics and science more broadly; whether they like physics, their performance
in physics and their ability to see physics as being for them. When these attitudes are
negative about girls’ competencies or belonging in any field of science, the research
suggests that daughters are more likely to avoid science, and by extension, physics, par-
ticipation in the future. However, as previously stated, research focussed specifically on
physics, with a large dataset and in the English context is very limited. This research aims
to address this issue.

Introduction to the survey

The Parent and Carer survey (PAC) in England was set up by the Professional Practice
Group at the Institute of Physics (IOP) in August 2019 as part of the Improving Gender
Balance (IGB) randomised control trial which ran from April 2019 until March 2021. The
over-arching aim of the IGB research trial was to test the efficacy of interventions focus-
ing on stereotypes, bias, physics teaching and careers to increase the proportion of girls
progressing to A-level physics in intervention schools. This work built on a previous IOP
pilot project between 2014 and 2017 which successfully tripled the number of girls choos-
ing A-level physics in Partner Schools (IOP, 2017, p. 25). The IGB research trial was
designed as a randomised control trial, in order to provide causal evidence on the link
between bespoke whole school stereotype and bias mitigation strategies alongside
physics-specific teaching support with the uptake of physics at A-level. Secondary
schools in England were identified, then invited by letter, to participate in the IGB
research trial. Participating schools were randomised to control (business as usual) or
intervention (IOP support) groups. The intervention schools received bespoke support
by an IOP Coach to explore and tackle the causes of gender imbalances that exist in
physics in their school from January 2020 until March 2021. Interventions involved
working across the whole school, including those teachers of the (2019-20) year 9 stu-
dents whose parents and carers are discussed in this study. It is worth noting that the
schools in the IGB research trial are not a representative sample of all schools; so,
whilst these results are informative and revealing, it is not necessarily the case that
they would be repeated nationally. All year 9 parents in the IGB research trial, in both
intervention and control schools, were invited to fill in the survey.

Method

This article presents the views of parents and carers through the development and analy-
sis of the survey. The survey was developed based on the background literature above and
aimed to answer the specific research questions presented in the next paragraph. Survey
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questions were developed using previously validated scales where possible, with the
addition of some new items.

Research questions

This survey aims to answer the following research questions:

(1) What is the relationship between parents’ attitudes and their child’s likelihood of
taking A-level physics?

(2) What is the relationship between parents’ attitudes and the parent/carer being able to
picture their child in a physics career/studying physics in the future?

(3) Do the relationships in RQs 1 and 2 differ with the gender of the child?

Sample

The English secondary schools invited for the IGB research trial were all co-educational
or single-sex (girls only) state (non-special schools), that had not recently participated in
any previous IOP gender-focussed project. Single-sex boys’ schools were not invited as
the focus of the project is to improve the proportion of girls choosing to take physics
A-level. All parents and carers of Year 9 students at schools in the IGB research trial,
both intervention and control, were invited to fill in the Parent and Carer Survey. The
survey was shared by the schools in either paper form or electronically (via a website,
newsletter, text message) — whichever the school felt was most appropriate. Data collec-
tion occurred between November and December 2019.

Development of scales/survey items: choice and operationalisation.

Dependent/Outcome variables

Participation in physics could not be used as all students take science, including physics
at this stage in their schooling, we therefore need to develop variables to predict future
participation on physics. The planned outcome measure was a 10-point scale measuring
the parent’s views of how likely their child was to take A-level physics. Additionally, an
independent variable was created from three Likert-style items to measure how much a
parent could picture their child in physics. Initial analysis and theoretical consideration
of the two measures, showed the scale picture child in physics to be very similar to like-
lihood of studying A-level physics (with ‘picture child in physics’ explaining over 50% of
the variance in likelihood of taking A-level physics). The decision was therefore made to
use ‘picture child in physics’ as an outcome variable. Factor analysis confirmed that both
sub-factors loaded on the same factor, however, the factors were different enough that it
did not make statistical sense to combine them into one scale. The decision was made to
keep the variables as two separate outcome measures that measure slightly varying
aspects of future participation in physics (e.g. Field, 2009). The advantage of having
two separate, but related outcome variables is if the results are similar for both it increases
the validity of the findings. The following variables were collected to measure parent/
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carer attitudes and judgements about the child. All Likert-style items are on a five-point
scales from strongly disagree to strongly agree.

e What is the likelihood of your child taking A-level physics? (New item, 10-point scale
from extremely unlikely to extremely likely).

e Parent picturing their child in physics (new scale, 3 Likert-style items (see Table 1),
adapted from ‘Future participation in science’, Kind et al., 2007).

Independent variables (parent/carer attitudes and judgements about child)

The section in the literature above lists the factors associated with participation in physics
and our independent variables are therefore directly based on this. Many of the scales and
items have already been validated and demonstrate good validity. However, we will vali-
date them again for the new context of working with parents. To improve the content
validity, we have added new items to match any key factors listed in the literature that
are not included in existing surveys. The items and scales are listed below and see
Table 1 for exact wording:

Table 1. Factor analysis results for attitudinal items and Cronbach’s Alpha for resulting scales.

Component

Item Cronbach'’s
No. Attitude statement 1 2 3 4 5 Alpha Scale name
People who use physics in 0.794 Valuing physics
their jobs ...
Q43 ... have exciting jobs 0.719 -0.101 0.156 0.187 -0.002
Q4.9 ... do valuable work 0.718 -0.231 0.051 0.052 -0.089
Q4.1 ... can make a differencein  0.682 -0.124 0.136 0.093 -0.178
the world
Q4.4 ... are brainy 0.657 0.225 0.019 -0.079 -0.051
Q4.2 ... make a lot of money 0.615 0.085 0.034 -0.003 0.028
Q4.6 ... are respected by people 0.595 0.011 0.030 -0.032 -0.020
in this country
Q4.10 ... have to be creative in 0.586 -0.168 0.179 0.121 -0.045
their work
Q4.5 ... are odd -0.062 0.786 -0.070 0.008 0.107 0.742 Physics
Q4.11 ... are geeks 0.054 0.769 0.012 0.004 0.018 stereotypes
Q4.8 ...don't have many other  -0.182 0.720 -0.085 -0.064 0.212 (reverse)
interests
Q4.7 ... spend most of their time  0.000 0.631 -0.037 -0.045 0.222
working by themselves
Q5.2 | can see my child studying 0.164 -0.032 0.873 0.146 0.036 0.813 Picture child in
physics at university physics
Q5.1 | can picture my childina 0209 -0.072 0.847 0.167 -0.040
job that involves physics
Q53R My child would struggle 0.064 -0.057 0.739 0.118 -0.194
with a career in physics
(reversed)
Q5.8 | enjoyed physics at school  0.100 -0.045 0.130 0.877 -0.062 0.768 Parent
Q5.10R | found physics difficult at ~ -0.091 0.012 0.077 0.778 -0.126 enjoyment of
school (reversed) physics
Q5.9 | am interested in physics 0.231 -0.056 0.252 0.741 -0.074
Q5.7 Physics careers are less -0.117  0.278 -0.040 -0.128 0.793 0.733 Gender
suited to girls stereotypes
Q5.4 Girls find physics harder -0.049 0.213 -0.091 -0.153 0.775 (reverse)
than boys do
Q5.5 There are less job -0.062 0.063 -0.057 -0.006 0.740

opportunities in physics
for girls than boys
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e The usefulness of physics for a job (new Likert-style item)

o The parent/carer’s confidence in advising their child about physics as a subject choice
for their next stage in education (new Likert-style item)

e Valuing physics (new scale, 4 Likert-style items, adapted from the scale importance
science, Kind et al., 2007)

e Physics stereotypes (8-point validated scale, images of scientists, from DeWitt et al.,
2011)

e Gender stereotypes in physics (adapted from equality subscale from Women in
Science Scale, Erb & Smith, 1984; Owen et al., 2007)

e Parent’s enjoyment of physics (new scale, adapted from learning science at school, Kind
et al., 2007)

e The child’s career plans (new item open response — careers that would suit their child)

o Characteristics that match their child (new item adapted from Archer et al., 2013;
Gaucher et al., 2011)

Independent variables (background variables)

e Gender of child (dichotomous item)

e Child’s school (open response)

¢ Gender of parent (dichotomous item)

e Parent having worked in STEM (dichotomous item)

e Parent attended school in the UK (dichotomous item)

e Parent went to university (dichotomous item)

e Cultural capital (5-point scale measuring the number of books in the home, adapted
from Sieben & Lechner, 2019)

Development of scales using factor analysis and Cronbach’s Alpha

The survey was developed with five theoretical factors/scales of attitude detailed in the
section above (valuing physics, physics stereotypes, gender stereotypes in physics and
parents’ enjoyment of physics). As mentioned above, these scales have been previously
validated but have been adapted for use in a new setting (i.e. with parents). We therefore
present details of how we validated these scales for this project and present evidence for
construct validity, including results of Exploratory Factor Analysis (EFA), demonstration
of convergent and divergent validity, tests for internal reliability and male/female invar-
iance. Table 1 presents the results of exploratory factor analysis using Varimax rotation
(see for example Field (2009, pp. 627-685). We can see from Table 1 that factor analysis
revealed five clear factors, as expected. We next demonstrate convergent and discrimi-
nant validity, which is described by Campbell and Fiske (1959) and is demonstrated if
the items in the scale are highly correlated, typically with factor loadings of above 0.5
(Hair et al., 1998) compared to measures of other traits. This is clearly demonstrated
for our factors in Table 2. To demonstrate reliability, Cronbach’s Alpha is used as a
measure of internal consistency, for which various benchmarks have been cited. These
from 0.7 to above 0.9 (e.g. Tavakol & Dennick, 2011). Table 1 shows the alphas are
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Table 2. Demonstration of convergent and divergent validity in our scales.

Scales
1 2 3 4 5
Valuing physics  Physics stereotypes Picture child in Parent enjoyment of  Physics stereotypes

(7 items) (4 items) physics (3 items) physics (3 items) (3 items)
Item
43 J42%% -.139%* .308%* 248%* -.122%*
49 J25%* -.230%* 194%* 144%* -.124%*
4.1 J11*% -.183** .266%* .193%* -.159%*
44 .639%% .094** 107%* 0.027 153%*
4.2 614%% 0.006 .148%* .067%* 0.024
4.6 .615%* -0.04 140%* .053* 0.004
4.1 .651%% -.163** .266%* .190%* -.139%*
45 -.142%* .798** - 130%* -.079%* .300%*
411 -0.007 765%% -0.046 -0.042 .290%*
48 -227%* .769%* -172%* -.158%* .339%*
4.7 -.058* 671%% -.099%* -.098** .325%*
5.2 270%* -.089** .887** .304%* -.060*
5.1 .320%* -.143** .887%* .338%* -.129%*
5.3R .199** -153%* 782%% .285%* - 245%*
5.8 182%* -.106%* .298%* .895%% -211%*
5.10R 0.018 -.060* 212%* J70%* -.234%*
59 292%* -.120%* .390%* .810%* -.190%*
5.7 -.196%* .392%* - 154%* -217%* 795%%
54 -.143** .330%* -181%* -.232%* .804**
55 -116%* 228%* - 117%* =127 A437%%

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
R = reversed item (as item was worded in the oposing direction)

between 0.7 and 0.9 for all five scales, which is ideal for scales of this length (between 3
and 7 items) as greater than 0.9 would indicate redundancy but above 0.7 indicates good
internal consistency (Tavakol & Dennick, 2011). The scales were tested for male and
female invariance (key characteristics in our research) by repeating the EFA separately
for males and females. The factors were identical for each group, demonstrating male
and female invariance.

The first factor is a three-item scale measuring the extent to which the parent can
picture their child in physics (with my child would struggle in physics reversed). Similarly,
three items form a scale measuring the parent’s enjoyment of physics (with the negatively
worded item reversed) and three items form a scale measuring any parent gender stereo-
types concerning physics. The fourth factor and fifth factors were slightly different to
what was expected. The positively worded items for the physics stereotype scale did
not fit the scale and a better fit was found in the ‘valuing physics’ scale (e.g. people
who use physics have to be creative in their work and are brainy). Factor four forms a
seven-item valuing physics scale and factor five, a four-item physics stereotype scale.

Analysis and results

We begin the analysis by presenting background statistics from our sample. We also
present analysis to ascertain whether the sample is different to the national sample in
order to determine the generalisability of the findings and the likelihood of any bias
due sample/nation population differences. Multiple regression analysis is used to
model the relationship with the independent variables and the outcome variables to
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directly answer the research questions. The models are repeated for each outcome vari-
able in turn. The analysis will be re-run, where sample sizes allow, to compare the results
for girls and boys. As the main sample includes single-sex girls’ schools but no single sex
boys’ schools, a co-education-only sample is also used in the analysis to make fair com-
parisons between boys and girls. To deal with the difficulties in interpreting results for
dichotomous items, scales and Likert-style items together, the models are re-run treating
all variables as dichotomous. This enables direct comparisons between the size of the
coefficients of the independent variables and their strength of association with the
outcome variables. For items that are scales, the sample mean was used to form a dichot-
omous variable (i.e. above the mean are ‘0’ and equal/below the mean are ‘1’ and for the
Likert-style items the cut off was used that best split the sample into equal groups.

Background statistics from the sample and comparisons to national population

i Description of the sample

There were 2,049 parents and carers, from 60 schools, that chose to take part in the study.
Between one and 67 parents responded from each school. To interpret our results and
comment on their generalisability to other populations, we need to investigate the
nature of our sample of respondents. We can do this by comparing our sample of
parents to other parents in England (which is not possible, as we do not have data on
all parents in England). However, we can compare the nature of the schools in our
sample compared to the rest of non-special state schools in England, giving us an indi-
cation of whether bias exists. We have general information on the schools in our sample
and the rest of state schools in England from school league tables'. Key school level vari-
ables for the schools in our sample are presented in Table 3 along with data from the rest
of the schools not in our sample. Single-sex schools have been removed from both
samples as there are no boys’ schools in our sample. This meant removing 3 schools,
leaving a total of 57 schools in the sample data. Data from a ‘matched’ sample is also pre-
sented in Table 3. The four key variables selected are the mean Attainment 8 score (a
measure of attainment for pupils at the end of compulsory education at age 16 in

Table 3. Description of co-ed schools in the sample, compared to all state, co-ed (non-special) schools
in England with the addition of a broadly representative sample.

Sample N Mean score/ Proportion SD SE

Mean Attainment 8 Score Full Sample (sch level) 57 51.30 7.88 1.04
Matched’ Sample (parent level) 379 47.31 5.24 0.27

Rest of England (sch level) 2750 45.65 7.28 0.14

Mean Proportion FSM Full Sample (sch level) 57 0.17 0.10 0.01
"Matched" Sample (parent level) 379 0.28 0.07 0.00

Rest of England (sch level) 2750 0.28 0.15 0.00

Proportion Girls Full Sample (sch level) 57 0.49 0.04 0.01
"Matched" Sample (parent level) 422 0.49 0.50 0.02

Rest of England (sch level) 2750 0.48 0.08 0.00

Proportion Selective Full Sample (sch level) 57 0.11 0.31 0.04
"Matched" Sample (parent level) 379 0.02 0.12 0.01

Rest of England (sch level) 2924 0.01 0.12 0.00
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England), the proportion of students from deprived backgrounds (as measured by pro-
portion of students in each school who are eligible for free school meals), and the pro-
portion of girls and proportion of selective schools (schools which select students
based on higher academic ability at the age of 11) in the sample. Comparing just the
sample and the rest of the country, the sample has higher mean attainment, with a
mean attainment 8 score over 5 points higher than that of the rest of England. The pro-
portion of students eligible for free school meals differs too, with a mean of 17% in the
sample compared to 28% in the rest of England. The proportion of girls is in both
samples is very similar, having taken away the single-sex girls’ schools, with 48% com-
pared to 49%. There is also a higher proportion of selective schools in our sample (by
a factor of ten) compared to the rest of England. The sample in this study is therefore
biased towards higher attaining, more selective and less deprived schools.

As our sample is biased (towards higher achievement and higher socio-economic
backgrounds), we need to provide evidence as to whether the sample will give
different results compared to the general population. To do this, a sample has been
created that broadly matches the population on the means we can measure, making it
more likely to be representative. Rather than sophisticated methods of matching or
weighting (which cannot be used here, as the unit of analysis is the parent and there
are varying responses from each school), a reduction method has been used at school
level, which involved reducing schools until the sample means match the population
means for the school level variables. Schools were removed from the sample, beginning
with those with the smallest proportion of free school meals, until the means more accu-
rately matched those of the population, without reducing the sample size too much for
the multiple regression analysis.

Secondly, to match the population sample one selective school was randomly selected
to stay in the sample and 6 parents were randomly selected to stay in the sample. The
resulting sample is therefore broadly representative of the rest of the population, not
in exact terms, but likely to be a lot closer than the full co-education sample we have.
If the result of our main analysis is broadly similar to the results of our ‘matched’
sample, then we have some evidence that our findings do not differ for the whole popu-
lation of England. As mentioned above, Table 3 also presents the means of this ‘matched’
sample, and it is now evident that the means are a much closer match to rest of England.

Evidence on the nature of the sample can be found by looking at descriptive statistics
of the background variables in our survey and by comparing our full sample of 2,049
parents to our co-education-only sample of 1,947 parents and our matched sample of
425 parents. The results are presented in Table 4.

There are far more female respondents amongst the parents/carers in all three
samples. However, the split of the gender of the children is much more equal in the
two samples where the single-sex girls’ schools have been removed. This shows that
sample is not particularly biased in terms of the gender make-up of the children.
There are more parents/carers who have not worked in STEM compared to those who
have, and this is consistent across the different samples. The sample has more parents
who have attended university compared those who have not in the full and co-edu-
cational-only sample, but this changes for the matched sample, where more parents/
carers have not attended university. The majority of respondents in all our samples
have multiple bookshelves in the home. Around 12% of parents attended school
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Table 4. Proportions of parent-level background variables, split by the full sample, co-education
sample and the matched sample.

All data Co-ed only Matched dataset

Dichotomous item Response Valid Percent Valid Percent Valid Percent
Parent gender Male 17.4 173 14.6

Female 82.8 82.7 85.4
Child gender Male 46.4 48.8 514

Female 53.6 51.2 48.6
Parent/Carer worked in STEM? Yes 31.2 30.6 25.2

No 68.8 69.4 74.8
Parent/Carer attend uni? Yes 56.4 55.6 428

No 43.6 444 57.2
Books in home Muliple shelves 66.2 65.4 58.1

One shelf or less 33.8 34.6 419
Parent attended school in UK Yes 87.8 88.2 91.1

No 12.2 11.8 8.9

outside of the UK and this percentage reduces to 9% for the matched sample. As only the
parents in the sample completed the surveys, it is difficult to know if these survey
responses are representative of the general population of Year 9 parents in England.
Data from Mayhew et al. (2004) show the participation in university between 1994
and 2000 (a likely time period for parents’ of 14/15 year-old children) was around
32% or 33%, leading us to suspect that this sample is biased towards parents that went
to university. However, the matched sample is a lot closer to this figure than the other
samples. It is likely other variables will be biased too. When just looking at those in
the sample whose children attend co-educational schools, the proportion attending uni-
versity drops slightly, bring it closer to the national average.

Descriptive statistics from the survey results

This section presents descriptive statistics from the survey. Table 5 presents the means of
the Likert-style items and the scales, split by the three samples explored above, i.e. the full
sample, the sample with single-sex schools removed and the ‘matched” sample.
Comparison of results of variables in Table 5, show they only vary by a maximum of
one decimal point between our three samples, showing that by removing the schools that
biased our sample the results do not change. There is stability in our findings. This gives
us greater confidence that these findings will be broadly similar to the whole population.
When looking at the individual items and scales, a mean of 3.0 indicates the parents
neither agree nor disagree with the scale/item, i.e. they are neutral. In terms of the results,

Table 5. Summary of descriptive statistics for the Likert-style items and scales in the survey, split by
the three samples (1 = strongly disagree to 5 = strongly agree).

All data Co-ed Matched
Item/Scale Mean(SD) Mean(SD) Mean(SD)
Finding physics useful for getting a job item 3.9(0.8) 3.9(0.8) 3.9(0.8)
Confidence in giving physics subject choice advice item 4.3(0.8) 4.3(0.8) 4.2(0.9)
Valuing physics scale 3.8(0.5) 3.8(0.5) 3.8(0.5)
Parent enjoyed physics scale 3.0(0.9) 3.0(0.9) 2.9(0.9)
Physics stereotypes scale 2.3(0.6) 2.3(0.6) 2.3(0.7)
Gender stereotypes scale 2.5(0.6) 2.5(0.6) 2.5(0.6)
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we can see that parents in all groups responded most positively to the two Likert-style
items asking about how useful they think physics is for finding a job and how
confident they are in giving subject advice for the next stage in their child’s education.
The positive response about subject advice may be due to most children having to
take science subjects at 16 years of age, so the amount of choice and therefore advice
required is limited. Out of the four scales, ‘valuing physics’ scores highest. Parents in
general have a favourable attitude towards physics in terms of its usefulness and value.
With a mean between 2.9 and 3.0, in general parents are neutral about their enjoyment
of physics. There are some who enjoyed physics and some who did not. This is true for all
samples, but the result may decrease further with a more representative sample. The two
scales looking at physics and gender stereotypes have means below the average value of
3.0. This means on the whole parents do not agree with stereotypes. However, with
means of 2.3 and 2.5 there are still plenty of parents who hold to these stereotypes.
We will look at how these variables relate to the outcome variables when we put them
into our regression models further on in the analysis.

Our final descriptive statistics are shown in Figure 1. Parents and carers were asked to
describe their child by choosing 2-5 characteristics from a list. Figure 1 presents the
difference between the percentage of girls being assigned a particular characteristic by
their parent and the percentage of boys being assigned the characteristic. Any percen-
tages above zero mean the characteristic is more likely to be assigned to girls. Where
negative, it is more likely to be assigned to boys. We can see the strongest gender differ-
ences, in preference for the girls, were to describe them as determined and nurturing,
with academic, courageous, enthusiastic, modest and understanding also being more
likely to be assigned to the girls. Being honest is broadly equal for both sexes. Being
described as competitive is the strongest gender difference in favour of the boys, with

Characteristics by gender. Positive are more likely used by girls and
negative for boys (all data)
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Figure 1. The percentage difference (between boys and girls) in the proportion of pupils being
described by each characteristic by their parents.
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active, co-operative and self-confident also being more likely to be assigned to boys.
These results show there are clear differences, based on gender, in how the parents
describe their child’s characteristics. Whether or not these characteristics or any of the
variables presented above are related to whether children choose A-level physics will
be explored in the next section.

Results of multiple regression models

The aim of the multiple regression analysis was to investigate which variables had a stat-
istically significant relationship with the outcome variables and to investigate the strength
of any relationships. Several methods were used to do this, including manually building
models, ‘forwards selection’, ‘stepwise selection’ and ‘backwards deletion method’
Chowdhury and Turin (2020). All methods indicated the same key variables as being sig-
nificant, so for the interest of parsimony, backward deletion results are presented here.
This method puts all variables into the model and each one is deleted one at a time
until all variables left have a statistically significant (p <0.1) relationship with the
outcome variable. The strength of the relationship of each variable in the model is rep-
resented by the size of the coeflicient. A coefficient of 1 means the variable is associated
with a change in one unit in the outcome variable. For the likelihood of taking A-level
physics, this means one point up on the 10-point scale and for the picturing child in
physics scale, going from one point on the Likert scale to the next. The models were
tested for issues such as multicollinearity and lack of normality in the outcome variable
residuals and all passed showing we have good models.

The results of the multiple regression analysis are presented in Table 6 for the outcome
variable likelihood of taking A-level physics and in Table 7 for the outcome variable pic-
turing your child in physics. In order to make comparisons between variables, the coeffi-
cients presented are where all variables entered in the model are dichotomous. The tables
show the results split by four samples (all data, all girls from co-education sample and all
boys from the co-education sample and the matched sample). Figures 2 and 3 present the
coefficients from the full sample as a bar chart, with confidence intervals (p < 0.05).

The first thing to note in Tables 6 and 7, by looking at the R-squared results (the pro-
portion of the outcomes variable explained by the independent variables) are that the
models explain a large amount of the variance in the outcome variable. The full
sample, using the full variables explains just under 40% of the variance in a parent
being able to picture their child in physics. In fact, all samples and outcome variables
have between 24% and 39% explaining by the independent variables.

The best way to interpret these charts is to look at the overall patterns in the data for all
samples and both outcome variables. The two outcome variables are two ways of measur-
ing how likely it is that the child will go on to take physics. If they are both showing
similar results, we can be more confident in our findings. Similarly, if we find similar
results across our samples, we can be more confident in the generalisability of our
findings.

Looking at Tables 6 and 7, the reason the full sample for both outcome variables has
more independent variables in the model compared to the other models is likely to be due
to the size of the sample. Looking at all samples, the three variables that all models have in
common for having the strongest association with both outcome variables are:
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Table 6. Multiple regression results of models with all independent variables as dichotomous
variables and ‘Likelihood of taking A-level physics’ as outcome variable.

Matched
Full sample Co-education sample sample
All Girls Boys All
N=2049 N=993 N=945 N=425
Rsq=0.30 Rsq=0.26 Rsq=0.30 Rsq=0.24
(0.28)* (0.24)* (0.28)* (0.24)*
Independent variables (significant) coeff SE coeff SE coeff SE coeff SE
Parent agrees physics is useful for getting good job 1.196 0.159 1.381 0.185 1.044 0.211 1.209 0.328
Parent judged child as academic 1.154 0.150 1.179 0.171 1.194 0.183 1.234 0.296
Parent selected male dominated STEM career for child 0.807 0.121 0.602 0.307 0.843 0.175
Parent above average in enjoyed physics scale 0.756 0.123 1.016 0.167 0.515 0.180 0.591 0.277
Having a parent/carer educated outside the UK 0.753 0.126 0.817 0.259 0.881 0.284 1.152 0.523
Being in a selective school 0.748 0.156 0.751 0.249 0.597 0.262
Being a boy 0.653 0.184 Not Not 0.481 0.279
applicable applicable
Parent above average in valuing physics scale 0.450 0.127 0.672 0.181 1.042 0.285
Parent confident giving physics subject choice advice 0.384 0.123 0.629 0.179
Parent judged child as self-confident 0.369 0.133 0417 0.189 0.365 0.195
Parent does not just child as nurturing 0.368 0.148 0.470 0.177 0.829 0.306
Parent/carer is male 0332 0.137 0.386 0.226
More than one bookshelf in the home 0.252 0.122 0.348 0.186
Parent judged child as courageous 0.247 0.140 0398 0.235 0.635 0.326
Parent judged child as enthusiastic 0.309 0.176
School has proportion FSM above sample mean 0.470 0.177
Parent judged child as not active 0.498 0.290

*The first r-squared is for the models with the full variables and the R-squared in brackets is the R-squared for the models
with dichotomous variables only.

Physics being useful
Judging their child as academic
Parent/carer enjoyed physics

Other key variables that are common to most models are:

Valuing physics

Being judged by parents as being interested in male dominated STEM job
Being a boy

Having a parent who was educated outside of the UK

Being in a selective school

In terms of characteristics, not being described as nurturing is a key variable, especially
for girls. Other characteristics that are statistically significant in a number of models are
‘courageous’, ‘self-confident’, ‘determined’ and ‘not active’. The variables that were con-
sistently not associated with the outcome variables were ‘parent having attended univer-
sity’, ‘having or having had a career in STEM and the characteristics ‘modest’, ‘honest’,
‘understanding’ and ‘co-operative’.

When comparing the results for girls and boys, they have a lot of key variables in
common when explaining outcome variables, such as ‘being described as academic’,
the parent judging physics as ‘useful for getting a job’ and the parent having ‘enjoyed
physics’ themselves. The interesting difference comes with the characteristics. Girls
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Table 7. Multiple regression results of models with all independent variables as dichotomous
variables and ‘Picturing child in physics’ as outcome variable.

Matched
Full sample Co-education sample sample
All Girls Boys All
N=2049 N=993 N=945 N=425
Rsq=0.623 Rsq=0.581 Rsq=0.628 Rsq=0.572
(0.586)* (0.543)* (0.589)* (0.546)*
Independent variables (significant) coeff SE coeff SE coeff SE coeff SE
Parent agrees physics is useful for getting good job  0.430 0.045 0.447 0.062 0410 0.066 0.437 0.104
Parent judged child as academic 0.381 0.039 0366 0.056 0456 0.057 0.421 0.094
Parent above average in enjoyed physics scale 0333 0.039 0422 0.055 0.262 0.057 0.310 0.087

Parent selected male dominated STEM career for 0.293 0.048 0337 0.100 0.283 0.055 0.165 0.098
child
Being a boy 0.255 0.041 Not Not 0.260 0.085
applicable applicable
Having a parent/carer educated outside the UK 0.249 0.058 0.280 0.084 0.240 0.087

Parent above average in valuing physics scale 0.200 0.039 0.150 0.055 0.244 0.056 0.327 0.090
Being in a selective school 0.190 0.050 0.149 0.082 0.343 0.097
Parent/carer is male 0.152 0.049 0.132 0.073 0.169 0.071
Parent judged child as courageous 0.120 0.047 0.118 0.065 0.171  0.103
Below average for physicists stereotype scale 0.109 0.039 0.111 0.054 0.103 0.058
Parent does not just child as nurturing 0.109 0.044 0.149 0.058
Parent judged child as enthusiastic 0.099 0.038 0.156 0.055 0.262 0.088
Below average for physics gender stereotype scale 0.095 0.039 0.130 0.058
Parent confident giving physics subject choice 0.091 0.038 0.136  0.055
advice
Parent judged child as determined 0.081 0.038 0.119 0.056
Parent judged child as not active 0.076 0.038
Parent judged child as modest 0.113  0.058
School has Average Attainment 8 Score above 0.13  0.072
sample mean
School has proportion FSM above sample mean 0.102  0.056

*The first r-squared is for the models with the full variables and the R-squared in brackets is the R-squared for the models
with dichotomous variables only.

who are not described as ‘nurturing’, that is, to show characteristics relating to the care,
protection and feeding of something or someone, are more likely to be linked to physics
in the future. However, the characteristic is not significant for boys. The characteristics of
‘courageous’ and ‘determined’ are related to the child taking physics in the future, but
again not for boys. These results clearly demonstrate that parental attitudes vary accord-
ing to the gender of the child. Results are summarised in the next section, along with how
they fit in with previous literature and the implications on our understanding of the
importance of parental attitude and background on the potential participation of
young people in physics.

Discussion and summary

The findings show that we can explain up to 40% of the variance in a parent believing
their child will go on to study physics at A-level or for their parent to be able to
picture their child in physics in the future. This highlights the importance of a
parent’s attitude around physics and gender and the potential subject-choice outcomes
for their child. We do not know if the relationship between parental attitudes and
student outcomes is causal, however this gives us confidence that this is an important
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Figure 2. Chart showing the coefficients for all significant (p < 0.10) independent variables, with 95%
confidence intervals (outcome: Likelihood of taking A-level physics).
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area to investigate further. If the parent’s attitudes can be modified and there is a causal
link, then it is perhaps possible that targeted interventions, for example guidance around
job opportunities from physics, that their children will have a greater likelihood of choos-
ing physics in the future. This should be a key focus of future research.

The first two research questions ask which parent attitudes are related to the ‘likeli-
hood of taking A-level physics and parents being able to ‘picture their child in
physics’. The strongest relationships (for both outcome variables) were the positive
relationship with whether the parent enjoyed physics, whether they judged their child
to be academic and whether they considered physics useful for getting a job. Other
key variables include, valuing physics, being judged by parents as being interested in
male-dominated STEM job, being a boy, having a parent who was educated outside of
the UK and being in a selective school. The factors are similar for all samples and
both outcome variables. These findings (in particular, physics being useful for a job,
physics being enjoyable, and child being interested in a male-dominated STEM career)
are similar to findings of Mujtaba and Reiss (2013a, 2013b) who found students’ likeli-
hood of future participation in physics were strongly associated with extrinsic motiva-
tional gain, i.e. whether physics is useful for your future job and physics being
interesting as a subject.

Research question three compares how parents and carers view their children. The key
differences are that the characteristics of not being nurturing and being courageous and
determined are statistically significant for girls and not for boys. This gives evidence that,
in general, girls who take physics are more likely to be perceived as tough in character
and not have nurturing as a key characteristic in describing them. These findings are
similar to findings from Archer et al. (2013) and DeWitt et al. (2013) that physicists
are perceived as ‘clever/brainy’, ‘not nurturing’, ‘geeky’ and ‘specialists’. These stereo-
types exist but could be challenged when considering the nurturing skills in many
physics’ jobs, including medical physics, physics teaching and any job that involves
line managing an individual or team. Characteristics of ‘courageous’ and ‘determined’
match the Archer et al. (2017) idea that girls need to be ‘exceptional’ in order to overcome
these barriers to visualising themselves in physics.

Some of the factors associated with the outcome variables cannot be changed, such as
where the parent went to school, the gender of the child and the deprivation index for the
school. However, some variables could be manipulated in an intervention to establish
causality. Firstly, potential interventions with parents could include highlighting
aspects of physics that they enjoy and how it is useful it is as a subject in terms of job
opportunities. Secondly, sessions with parents looking at the reality, and challenging
any stereotypes, of how academic those who work or study physics are. In particular
how this relates to their view of how academic their child is in order to widen the
view that ‘physics is for them’. Thirdly, work on broadening the careers options in
physics, so for example parents realise there are options out there that match non-stereo-
typical perceptions of physicists, such as physics jobs that demonstrate ‘nurturing’
characteristics - this would perhaps diversify participation in post-16 physics further.
Finally, we need to consider how generalisable these results are. The sample is biased
towards schools with higher exam results and lower deprivation. However, we created
a broadly matched sample on those variables we could measure. The results were
similar, with the same key variables being important in all the models. This gives us
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some confidence over the stability of these findings and the fact that they are likely to
apply to other settings, especially secondary schools in England.

Note

1. Data was downloaded from 2018/19 school league tables, removing independent schools,
single sex schools and special schools [Accessed May 2020 from: https://www.compare-
school-performance.service.gov.uk/download-data ]
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