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1.1. Background and context
•  Young people are often encouraged towards 

science-related careers to foster personal and 
national prosperity, and so that science-related 
fields can become more accessible, diverse, 
and inclusive. Nevertheless, science still tends 
to be seen as less accessible for people from 
particular backgrounds and/or with particular 
characteristics.

•  Relatively few young people study non-
compulsory science subjects at upper-
secondary school (Year 12 and above) and at 
university, including girls, young people from 
families in less advantaged circumstances, and 
young people from certain ethnic backgrounds. 
Within science, more young people tend to 
study biological sciences than chemistry and 
physics at upper-secondary school and at 
university.

•  Young people often say that science, including 
chemistry, is interesting and enjo
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Many aspects of students’ lives, including their family 
circumstances and educational contexts, can influence 
their personal beliefs, attitudes, aspirations, and wider 
identification with science (Archer, et al., 2012; DeWitt, 
et al., 2011). Students’ studying intentions and choices 
closely associate with their attitudes towards science, 
including their interest in science, their beliefs about 
science being useful and valued through facilitating 
careers, jobs, and future opportunities, and their 
motivational beliefs such as their self-confidence and 
expected grades, together with numerous other factors 
including receiving encouragement and support to 
follow science-related studies and careers (Bøe & 
Henriksen, 2015; Mujtaba & Reiss, 2014; Regan & DeWitt, 
2015; Sheldrake, 2016; Tripney, et al., 2010).

Providing extra-curricular activities such as science 
clubs and visits from ambassadors (volunteers from 
science-related fields who visit schools to give career 
talks, provide advice, and deliver demonstrations) 
has been found to result in participating students 
reporting higher interest in science, interest in studying 
science further, and aspirations towards science 
careers, compared to other students (Straw & Macleod, 
2015). Further research has also linked engaging with 
extra-curricular activities with positive attitudes and 
aspirations towards science (Archer, Moote, MacLeod, 
Francis, & DeWitt, 2020; Sheldrake, Mujtaba, & Reiss, 
2017a). Applying specific programmes of support for 
students, including those aimed towards fostering 
interests and/or aspirations towards science, has 
resulted in variable results but with some successes 
(Rosenzweig & Wigfield, 2016; van den Hurk, Meelissen, 
& van Langen, 2019). Earlier programmes that aimed 
to promote chemical sciences as a beneficial career 
have achieved benefits to students’ interest and career 
aspirations, although have had the greatest impact for 
those with existing aspirations towards science (Lord, 
Straw, Springate, Harland, & Hart, 2008; Lord, Straw, 
Hart, Springate, & Harland, 2009).

Overall, existing research highlights the continuing need 
for, and the potential benefit of, providing further support 
for young people. Within this context, fundamental issues 
involve ensuring accessibility, inclusion, and equity; some 
young people may benefit from different forms and/or 
amounts of support so that studies and careers in chemistry 
and science can become more accessible and achievable.

1.2. Chemistry for All programme
•  The Chemistry for All programme aimed to 

engage with students from less advantaged 
backgrounds.

•  Seventeen schools received the Chemistry for 
All programme and six other schools provided 
a comparison, in order to explore whether the 
programme achieved any benefits.

•  The Chemistry for All schools and comparison 
schools had higher than average percentages 
of pupils eligible for free school meals and 
eligible pupils with special educational needs 

support, and lower average grades at GCSE 
(General Certificate of Secondary Education), 
or equivalent qualifications, than all secondary 
schools across England.

•  Students received the Chemistry for All 
programme when they were in Year 8, Year 9, 
Year 10, and Year 11.

In England, secondary school starts at Year 7 (age 11/12) 
and continues to Year 11 (age 15/16); studying science, 
including chemistry, is compulsory during this time. 
General Certificate of Secondary Education (GCSE) or 
equivalent qualifications are usually studied in Year 
10 and Year 11, with examinations in Year 11. Students 
can then undertake upper-secondary education in Year 
12 and Year 13 (ages 16/17 to 17/18), where they can 
choose all of their subjects. Advanced Level General 
Certificate of Education (A-Level) or equivalent upper-
secondary qualifications are usually studied in Year 12 
and Year 13, with examinations in Year 13. Achieving 
specific grades in particular subjects at A-Level (or 
equivalent qualifications) is usually necessary for entry 
to university, depending on the course.

The Chemistry for All programme aimed to engage with 
students from less advantaged backgrounds, who might 
not necessarily consider careers within chemistry and/
or continue with non-compulsory chemistry studies at 
upper-secondary school and/or university. The activity 
providers of the Chemistry for All programme recruited 
schools within the East Midlands, the North West, and 
the South East of England. Overall, 17 schools received 
the Chemistry for All programme and 6 other schools 
provided a comparison. Comparing the changing views 
of students across schools that did and did not receive 
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policies within science/chemistry education. The 
research and evaluation programme focused on the 
following areas:

•  Revealing the impact (if any) of the 
Chemistry for All programme on students’ 
attitudes, beliefs, and other views regarding 
science/chemistry.

•  Gaining wider insights into students’ aspirations 
and progressions towards science/chemistry.

The research programme invited students to complete 
questionnaires each year in order to consider their 
changing views over time. The questionnaires asked 
the same core questions each year in order to directly 
consider changes over time; additional questions were 
also introduced in later years in order to consider more 
specific and/or complex views. Across the schools that 
received the Chemistry for All programme, 6367 students 
completed a questionnaire on at least one occasion; 
across the comparison schools, 2181 students completed 
a questionnaire on at least one occasion. Some students 
were also interviewed in order to discuss their experiences 
in more detail.

1.4. Research results and insights

1.4.1.  Insights into students’ changing 
attitudes and aspirations

•  Students in Chemistry for All schools and 
students in comparison schools tended to 
express similar views at Year 8.

•  Students’ views tended to become less positive 
over time from Year 8 to Year 11.

•  Any changes over time were usually smaller 
for students within schools that received the 
Chemistry for All programme.

•  Students in schools that received the Chemistry 
for All programme conveyed more positive 
views than students within comparison 
schools at Year 11 for their aspirations toward 
chemistry studies and careers, chemistry 
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perceiving a lack of fun was generally more prevalent 
over time. Additionally, students increasingly highlighted 
negative aspects related to self-confidence such as 
material being considered to be difficult, complex, 
and/or hard to understand. Students also increasingly 
disliked equations, formulae, and symbols; and that 
learning involved memorisation. Many of these areas 
may intersect and are inherent to teaching and learning 
about chemistry (such as the equations, formulae, and 
symbols that are used to represent chemical reactions), 
which highlight some of the challenges within schools 
and for wider programmes and initiatives.

Implications of aspects of teaching/learning

Other analysis considered the implications of specific 
aspects of teaching and learning, accounting for their 
schools receiving or not receiving the Chemistry for All 
programme and other factors. Similar patterns of results 
tended to be seen at different academic years (Year 8, 
Year 9, Year 10, and Year 11).

Students’ reports of their teacher using science/chemistry 
to help them understand the world outside school, and 
students’ reports of more frequently attending a science/
chemistry club, were both important positive predictors 
of their aspirations towards science/chemistry, their 
interest/enjoyment in science/chemistry, their perceived 
utility value of science/chemistry, their self-confidence in 
science/chemistry, and their perceived value of science/
chemistry to society. Students’ reports of undertaking 
practical experiments and having the chance to explain 
their ideas were also positive predictors of their interest/
enjoyment in science/chemistry. Students’ reports 
of being involved in class debate or discussion were 
other positive predictors of their self-confidence in 
science/chemistry.

These areas offer potential avenues to help foster 
students’ attitudes and beliefs, regardless of schools 
applying formalised programmes of activities/events. 
Additionally, the Chemistry for All programme provided 
science/chemistry clubs and chances for students to 
discuss their ideas and views. These findings may also 
suggest how some programme benefits reach students.

Perceptions of additional activities and events

•  Students within schools that received the 
Chemistry for All programme, compared to 
students within other schools, had more 
positive views about the benefits arising from 
additional activities and events as of Year 11.

•  Students who engaged more with the Chemistry 
for All programme (who experienced at least 
one optional event or activity) expressed higher 
perceived benefits.

•  In schools that did not receive the Chemistry 
for All programme, boys tended to express 
more positive views than girls about perceived 
benefits; these gender differences were 

minimal or not present for students who 
received the Chemistry for All programme.

The Chemistry for All programme involved various 
additional activities and events for students (such as 
after-school clubs, careers lectures, visits to industrial 
companies, activity days at universities, and numerous 
other activities); students within the comparison schools 
may have also experienced various activities and events 
through their own schools.

Students within schools that received the Chemistry 
for All programme, compared to students within the 
comparison schools, had more positive views about the 
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schools, 34.8% of students in Chemistry for All 
schools, and 53.5% of students in Chemistry 
for All schools who attended more than one 
optional activity/event.

•  Increased knowledge of the benefits of a 
career in science/chemistry: conveyed by 
26.1% of students in comparison schools, 
37.1% of students in Chemistry for All schools, 
and 56.0% of students in Chemistry for All 
schools who attended more than one optional 
activity/event.

•  Increased knowledge about the careers 
available with a science/chemistry qualifi-
cation: conveyed by 24.4% of students in 
comparison schools, 39.1% of students in 
Chemistry for All schools, and 59.4% of students 
in Chemistry for All schools who attended more 
than one optional activity/event.

•  Increased understanding of how science/
chemistry relates to everyday life: conveyed 
by 30.0% of students in comparison schools, 
42.3% of students in Chemistry for All schools, 
and 60.8% of students in Chemistry for All 
schools who attended more than one optional 
activity/event.

• 
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is beneficial.

•  Helping students to develop a positive identity 
with science by ensuring they are confident 
in their abilities and learning of science (self-
confidence beliefs at Year 8 and at Year 11) 
positively associated with their aspirations at 
Year 11.

•  Receiving the Chemistry for All programme 
(compared to comparison schools) positively 
associated with students’ chemistry aspirations 
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backgrounds, and/or those with less 
advantaged socio-economic circumstances to 
align their future selves with chemistry.

•  The quantitative analysis revealed that 
perceived utility / extrinsic motivation 
(science/chemistry being useful and valued 
for facilitating careers, jobs, and future 
opportunities in general) followed by personal 
value of chemistry (chemistry being a valued 
and inherent aspect of identity) were the 
strongest predictors of aspirations. The 
qualitative analysis indicated that the two 
measures could intersect, with implications 
to students’ wider trajectories. Specifically, if 
students could not easily consider chemistry 
to be an inherent aspect of their identity but 
nevertheless recognised the utility value of 
chemistry, they could consider chemistry 
A-Level as an avenue towards other professions 
such as medicine rather than chemistry. 
Holding a personal value of chemistry may be 
important for remaining within chemistry.

Natural ability and non-compulsory choices 

Another prevalent theme from the students’ interview 
narratives involved ‘natural talent and/or cleverness’: 
only students who were perceived to be naturally 
good at chemistry with little effort were perceived to 
be the ones who could legitimately remain within 
chemistry. These beliefs could help reinforce some 
students’ decisions to remain in non-compulsory 
chemistry education, especially those from families 
with supportive home-learning environments for 
science/chemistry, with higher levels of family 
science capital, and/or with more advantaged socio-
economic circumstances. However, the perceptions 
and discourse around ‘natural ability’ could discourage 
some other students from chemistry. The analysis 
revealed numerous insights, including the following.

•  There was a gender-specific construction 
among young women where chemistry was 
associated with requiring hard work and/
or natural ability, which could lead to some 
young women deciding not to study non-
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The students’ interview narratives indicated that the 
Chemistry for All programme had a positive effect on 
students’ chemistry identities, which, in turn, had a 
positive impact on their aspirations.

Relevance of chemistry and science to everyday 
life and society

Beliefs about the value of chemistry to society 
encompass chemistry being thought to improve 
people’s living conditions, to help understand the world, 
and to be generally valuable to society.

Students’ interview narratives conveyed that they 
found that the practical elements of the Chemistry 
for All programme helped them to see the relevance 
of chemistry to everyday life. This helped to foster 
their personal value of chemistry and their interest/
enjoyment of chemistry.

Students’ questionnaire responses revealed that their 
beliefs about the value of science to society were 
positively associated with experiencing teaching/
learning that conveyed the wider applications and 
relevance of science, perceived utility of science, 
participation in extra-curricular activities, perceptions 
of teachers, interest/enjoyment of chemistry, teachers 
encouraging students to study chemistry after 
GCSEs, and students being motivated towards higher 
achievement through competitiveness. Additionally, 
boys expressed more positive perceptions about the 
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advice and information about the range of 
courses and qualifications available with 
chemistry qualifications.

•  Ensure girls receive at least as much 
encouragement as boys.

•  Especially among younger students, ensure 
there is sufficient practical work in chemistry.

• Keep memorisation to a minimum.

•  Only get students to write where there is a 
clear need to do so.

•  Where there are optional events or activities, 
such as out-of-school visits or chemistry/
science clubs, ensure that all students are able 
to access these.

•  Give students and their chemistry teachers 
the opportunity to build good, professional 
relationships that sometimes last for more 
than a single year.

•  Provide a small number of high-quality extra-
curricular engagements with chemistry rather 
than large numbers of lower-quality ones.

•  Provide careers events where knowledgeable 
people are positive about chemistry, as these 
can attract students into the subject who might 
otherwise not continue with it.

University/outreach providers

•  Help give students access to high-quality 
practical work in chemistry and to see the 
diversity of people who work with and 
in chemistry.

•  Work with teachers in a way that does not 
require them to miss classes.

•  Build up relationships with local schools in 
ways that do not rely on the enthusiasm of just 
one or two teachers in a school.

•  Take active steps to ensure that your provision 
is not predominantly taken up by more 
advantaged students, such as students with 
families that encourage them to attend 
optional events, and students who can attend 
events held off school premises.

Funders

•  It is better to target funding on a relatively small 
number of schools over a period of several to 
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Highlights

•  Young people are often encouraged towards 
science-related careers to foster personal and 
national prosperity, and so that science-related 
fields can become more accessible, diverse, 
and inclusive. Nevertheless, science still tends 
to be seen as less accessible for people from 
particular backgrounds and/or with particular 
characteristics.

•  Young people have often felt that science, 
including chemistry, is interesting and 
enjoyable, relevant for careers, and important 
within school and wider life. However, young 
people have also felt that chemistry can be 
difficult and science careers can be hard to 
enter and require high grades. Boys have often 
expressed more positive attitudes and beliefs 
about science, and have reported receiving 
more support and encouragement, than girls. 
Many young people have thought that science 
careers are not necessarily for ‘someone 
like me’.

•  Relatively few young people have studied 
non-compulsory science subjects at upper-
secondary school and at university, including 
especially few girls, few young people from 
families with less advantaged circumstances, 
and few young people from some ethnic 
backgrounds. Within science, more young 
people have tended to study biological 
sciences than chemistry and physics at upper-
secondary school and at university.

•  Younger students have often expressed more 
positive views, including views about science, 
than older students. It remains less clear how 
and why students’ views change over time. 
Nevertheless, the profile of students expressing 
science-related aspirations appears to become 
less diverse as students grow older.

•  Young people’s aspirations towards science-
related studies and careers have linked with 
their beliefs about science being useful 
(perceived utility value of science, which refers 
to science being valued as facilitating careers, 
jobs, and future opportunities in general), 
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Nevertheless, fewer secondary school students appear 
to have explicitly aspired to become scientists (Bennett & 
Hogarth, 2009; DeWitt, Archer, & Osborne, 2014; Jenkins & 
Nelson, 2005). The majority of a nationally representative 
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interest in science, interest in studying science further, 
and aspirations towards science careers, compared to 
other students (Straw & Macleod, 2015). Students who 
attend science clubs have often expressed positive 
attitudes and aspirations towards science; additionally, 
having science clubs within schools has associated with 
students expressing higher science-related studying 
aspirations, regardless of whether they attended the 
clubs (Archer, Moote, MacLeod, Francis, & DeWitt, 2020).

2.2.  Students’ changing attitudes and 
aspirations

It remains less clear how children’s aspirations and 
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2.3.  Students’ aspirations and choices 
for science studies and careers

Relatively few children in England have studied non-
compulsory science subjects at upper-secondary 
school and at university, including especially few 
girls, few children from families with less advantaged 
circumstances, and few children from some ethnic 
backgrounds (Elias, Jones, & McWhinnie, 2006; Homer, 
Ryder, & Banner, 2014; Institute of Physics, 2014; Royal 
Society, 2008; Royal Society of Chemistry, 2018). More 
students have tended to study biology thanOchemistry 
and more have tended to study chemistry thanOphysics 
in upper-secondary school; somewhat similarly, more 
students have tended to study biological sciences thanO
physical sciences, including chemistry and physics, 
at university (EngineeringUK, 2018; Gatsby, 2018). 
Further differences across fields have also become 
apparent, for example where girls have been less likely 
to study engineering, computer sciences, mathematical 
sciences, and other physical sciences at upper-
secondary school and at university, but more likely to 
study biological sciences, medicine, veterinary science, 
and other subjects related to medicine (Elias, Jones, & 
McWhinnie, 2006; EngineeringUK, 2018; Gatsby, 2018; 
Springate, Harland, Lord, & Wilkin, 2008). Concurrently, 
those from some minority ethnic backgrounds have 
been less likely to study physics and more likely to study 
engineering, chemistry, and subjects related to medicine 
(EngineeringUK, 2018; Elias, Jones, & McWhinnie, 2006).
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were indeed aiming for a career that uses chemistry, 
and very few were planning for a career that does not 
use chemistry (Ogunde, Overton, Thompson, Mewis, 
& Boniface, 2017). Young people from minority ethnic 
backgrounds in England have conveyed that their 



Chemistry for All programme

CHEMISTRY FOR ALL: 
REDUCING INEQUALITIES IN CHEMISTRY ASPIRATIONS AND ATTITUDES

3

23



24

3.
   C

H
EM

IS
TR

Y 
FO

R 
A

LL
 P

RO
GR

A
M

M
E



25



26

4.
   M

ET
H

O
D

S 4. Methods
Highlights

•  The Chemistry for All programme aimed to 
engage with students from less advantaged 
backgrounds, who might not consider and/or 
continue with chemistry.

•  The activity providers of the Chemistry for All 
programme recruited schools within the East 
Midlands, the North West, and the South East 
of England.

•  Seventeen schools received the Chemistry for 
All programme and six other schools provided 
a comparison.

•  The Chemistry for All schools and comparison 
schools had higher percentages of students 
eligible for free school meals and eligible 
students with special educational needs 
support, and lower average grades at GCSE 
(General Certificate of Secondary Education) 
or equivalent qualifications, than all secondary 
schools across England.

•  Students received the Chemistry for All 
programme during Year 8, Year 9, Year 10, and 
Year 11.

•  Students were invited to complete paper 
or online questionnaires each year to 
convey their views about their educational 
experiences, focusing on their views about 
science/chemistry.

•  Across the schools that received the Chemistry 
for All programme, 6367 students completed 
a questionnaire on at least one occasion; 
across the comparison schools, 2181 students 
completed a questionnaire on at least  
one occasion.

•  Some students were also invited to be 
interviewed each year, to consider their views 
about their educational experiences, focusing 
on their views about science/chemistry, 
and their experiences of the Chemistry for 
All programme if they were in schools that 
received the programme.

4.1. Context
In England, secondary school starts at Year 7 (age 
11/12) and continues to Year 11 (age 15/16), and 
studying science (including chemistry) is compulsory 
during this time. Students can then undertake upper-
secondary education in Year 12 and Year 13 (ages 
16/17 to 17/18), where students can choose all of their 
subjects. GCSE or equivalent qualifications are usually 
studied in Year 10 and Year 11 (with examinations 
in Year 11); A-Level or equivalent upper-secondary 
qualifications are usually studied in Year 12 and Year 13 
(with examinations in Year 13).

Aspects of the education system in England can 
change over time. School performance in England in 
2014/2015 was considered through the percentage 
of students achieving 5 or more GCSE (or equivalent) 
qualifications at grade A* to C, including in English and 
in mathematics. A new secondary school accountability 
system was then introduced in 2016 (Department for 
Education, 2020c). School performance in England in 
2015/2016 and onwards has been considered through 
the average ‘Attainment 8’ score for GCSE (or equivalent) 
qualifications per student, which reflects performance 
across 8 qualifications including mathematics and 
English (which receive twice the weighting of other 
qualifications). Qualification reforms, which occurred 
from 2017 in stages for different subjects, also entailed 
that GCSE examination grades are now numerical 
(from 1 to 9) rather than alphabetical, where numerical 
and alphabetical grades are not exactly equivalent 
(Department for Education, 2020c; Ofqual, 2019). 
Students are also required to undertake a minimum 
number of practical activities in science at GCSE and at 
A-Level, and students are assessed on their knowledge, 
skills, and understanding of practical work in science at 
GCSE and at A-Level (Ofqual, 2019). A-Level studying is 
now linear, with examinations at the end of the course, 
rather than modular, with examinations per module; 
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Similar results were also observed when comparing the 
sample schools against all other secondary schools in 
England, which involved slightly different averages due 
to the different approach.) Given the relatively small 
number of sample schools, however, statistical tests 
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Students were invited to complete paper or online 
questionnaires each year. The questionnaire allowed 
students to express their characteristics, attitudes 
and beliefs, and other views about their educational 
experiences, focusing on science and/or chemistry.

The questionnaire invited students to express their 
gender identification; equality and inclusion across 
genders (and other aspects of identity) remains 
important within education (OECD, 2015) and especially 
within science education and wider fields of science 
(Institute of Physics, 2013; Institute of Physics, 2015; 
Royal Society of Chemistry, 2018; Royal Society, 2014). 
The questionnaire also invited students to report how 
many books they had at home (‘How many books are 
in your home (Do not include magazines, newspapers, 
or your school books)’) with response categories of (1) 
‘0-10’, (2) ‘11-25’, (3) ‘26-100’, (4) ‘101-200’, (5) ‘201-500’, 
and (6) ‘500+’. The number of books at home has often 
been used as a simple indicator of socio-economic 
circumstances and/or resources, and has been 
similarly measured within the international Trends in 
International Mathematics and Science Study surveys 
(Martin, Mullis, & Hooper, 2016; Mullis & Martin, 2017) and 
the Programme for International Student Assessment 
surveys (OECD, 2017; OECD, 2019).

The questionnaire asked the same core questions each 
year, in order to directly consider changes over time. 
Additionally, further questions were introduced in later 
years in order to consider (for example) more specific 
or complex views (such as personal identities linked 
to science and/or chemistry), actual and expected 
examination grades (as the students came closer 
to their GCSE examinations), and students’ specific 
experiences of the Chemistry for All programme (and/or 
any activities and events that were encountered in the 
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and consistency with wider research (Eccles, 2009; 
Martin, Mullis, & Hooper, 2016; Mullis & Martin, 2017; 
OECD, 2017, 2019). In order to increase accessibility, the 
questions initially referred to science and then referred 
to chemistry in Year 10 and Year 11 in order to gain 
specific insights.

Aspirations towards science/chemistry

Studying and career aspirations towards science/
chemistry were measured across multiple questionnaire 
items (3 items: ‘I intend to continue to study science/
chemistry at an A-Level or equivalent’; ‘I intend to 
continue to study science/chemistry at university’; ‘I 
would like a job that includes science/chemistry when 
I grow up’). Additional questions were also included at 
Year 10 and Year 11 to still consider aspirations towards 
science careers (‘I would like a job that includes science 
when I grow up’); the Year 11 questionnaires also asked 
about science A-Levels for additional insight.

Utility value of science/chemistry/ 
extrinsic motivation 

Perceived utility value of science/chemistry was 
measured across multiple questionnaire items (7 
items: ‘Making an effort in science/chemistry is worth 
it because it will help me in the work that I want to do 
later on’; ‘Learning science/chemistry is worthwhile for 
me because it will improve my chance of getting a job’; 
‘I think science/chemistry is a useful subject’; ‘I think 
science/chemistry will help me in the job I want to do in 
the future’; ‘I will learn many things in science/chemistry 
that will help me get a job’; ‘Science/chemistry is an 
important subject for me because I need it for what I 
want to study later on’; ‘People who are good at science/
chemistry get well-paid jobs’). Perceived utility value 
considers science/chemistry being valued as facilitating 
careers, jobs, and general future opportunities, 
essentially reflecting extrinsic and/or transferable 
benefits that may help achieve wider or future goals 
(Eccles, 2009). When students appreciate the utility of 
science/chemistry, they are then extrinsically motivated 
to continue with the subjects post-16.

Interest/enjoyment in science/chemistry

Interest/enjoyment in science/chemistry was measured 
across multiple questionnaire items (3 items: ‘I look 
forward to my science/chemistry lessons’; ‘I enjoy doing 
science/chemistry’; ‘Science/chemistry is an interesting 
subject’). Interest/enjoyment reflects intrinsic value 
and/or benefit (Eccles, 2009).

Self-confidence in science/chemistry

Self-confidence in science/chemistry was measured 
across multiple questionnaire items (7 items: ‘I am good 
at science/chemistry’; ‘I do well in science/chemistry 
tests’; ‘I don’t need help with science/chemistry’; ‘When 
I am doing science/chemistry, I always know what I 
am doing’; ‘I do better in science/chemistry than most 
people in my class’; ‘I’m certain I can figure out how 
to do the most difficult science/chemistry tasks in 
classes’; ‘I am able to learn science/chemistry quickly’). 

This essentially measures someone’s subjective 
interpretations of their current and/or previous 
abilities and capabilities within science/chemistry; 
this conceptualisation of self-confidence is sometimes 
referred to as subject-specific or domain-specific ‘self-
concept beliefs’ (Bong & Skaalvik, 2003). Self-confidence 
in feeling that someone knows about science is also 
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time, and differences in responses across students, were 
explored through repeated-measures mixed (multi-
level) modelling (Snijders & Bosker, 2012). Repeated-
measures modelling considers responses from all 
available students and does not require all students to 
have responded on every occasion (Hox, Moerbeek, & 
van de Schoot, 2018). Across both cohorts, 8548 students 
completed a questionnaire on at least one occasion 
(6367 students from schools that received the Chemistry 
for All programme and 2181 students from comparison 
schools). The repeated-measures modelling accounted 
for the same students being surveyed on multiple 
occasions (where students’ responses were likely to be 
somewhat similar instead of being independent, across 
time) and also accounted for students being clustered 
within schools (where students’ responses were likely 
to be somewhat similar within schools, instead of being 
independent due to the shared teaching/learning 
context and wider environment). The modelling was 
undertaken with time considered as a factor, which 
facilitated consideration of differences across any and 
all particular pairs of time points.

The modelling focused on considering whether patterns 
of differences across time varied across students who 
did and did not receive the Chemistry for All programme 
(which would be revealed through a statistically 
significant interaction of ‘time × programme’ within 
the modelling and illustrated by the students’ average 
responses per year). If students had similar initial views 
(or even if their views initially differed), an impact of the 
Chemistry for All programme would be shown through 
these students having different patterns of changes 
in their subsequent views, when compared to the 
comparison students.

Engagement with the Chemistry for All programme

The Chemistry for All programme delivered activities 
and events to all students from Year 8 to Year 11, 
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• ‘I am involved in class debate or discussion’;

•  ‘I spend time in the lab doing 
practical experiments’;

• ‘I am allowed to design my own experiments’;

•  ‘The teacher uses science/chemistry to help 
me understand the world outside school’;

• ‘Attending a science/chemistry club’.

These reflect areas that may be potentially under the 
control (to some extent) of teachers, and therefore 
might offer potential avenues to foster students’ 
attitudes and beliefs in schools in general (regardless 
of applying formalised programmes of activities/events 
across multiple years, such as the Chemistry for All 
programme).

Associations between students’ views 
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Students’ changing 
views over time

CHEMISTRY FOR ALL 
REDUCING INEQUALITIES IN CHEMISTRY ASPIRATIONS AND ATTITUDES
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Highlights and key findings

•  Students in schools that did and did not receive 
the Chemistry for All programme tended to 
express similar views at Year 8.

•  Students’ views tended to become less positive 
over time from Year 8 to Year 11.

• 
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5.1.1.  Chemistry for All and  
comparison students

At Year 8 (Table 5-1), considering both cohorts 
combined, the students within schools that received 
the Chemistry for All programme and the students 
within comparison schools tended to express similar 
views. The only differences were that students in 
schools that received the Chemistry for All programme 
expressed lower views than those in comparison 
schools for interest/enjoyment in science/chemistry 
and teaching/learning experiences related to practical/ 
experimental work.

Engagement with the Chemistry for All programme

Students who would subsequently have greater 
engagement with the Chemistry for All programme 
(those who were recorded as attending at least one, and/
or those who were recorded as attending more than one, 
optional activity/event across Year 8, Year 9, Year 10, and 
Year 11) tended to express more positive initial views at 
Year 8 than the comparison students (Table 5-2). 

5.1.2.  Students with different 
characteristics and circumstances

Gender

At Year 8 (Table 5-3), considering both cohorts combined, 
within schools that received the Chemistry for All 
programme and also within comparison schools, girls and 
boys tended to express similar aspirations towards science/
chemistry, encouragement to study science/chemistry, 
and home support for science/chemistry achievement.

Considering both cohorts combined, within schools that 
received the Chemistry for All programme at Year 8, boys 
tended to express more positive views than girls regarding 

perceived utility of science/chemistry, interest in science/
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Notes: Results from both cohorts combined. The table shows the mean (‘M’; the average) and standard deviation (‘SD’; the extent of dispersion around the 
mean), together with the magnitude (‘D’; Cohen’s D) and significance (‘Sig. (p)’; p-values) of the differences across groups.

Indicator (1–4 scales, unless otherwise shown)

Chemistry for All students Chemistry for All students

M SD M SD D Sig. (p) M SD D Sig. (p)

Aspirations towards science/chemistry (all) 2.54 .84 2.66 .80 .146 .007 2.70 .83 .180 .004

Aspirations towards science/chemistry: A-Level studying 2.71 .91 2.83 .87 .140 .010 2.85 .90 .158 .013

Aspirations towards science/chemistry: university studying 2.46 .95 2.58 .91 .126 .020 2.61 .93 .157 .014

Aspirations towards science/chemistry: careers 2.46 .95 2.58 .93 .130 .016 2.62 .95 .172 .007

Aspirations towards science careers 2.46 .95 2.58 .93 .130 .016 2.62 .95 .172 .007

Perceived utility of science/chemistry 2.98 .68 3.09 .59 .166 .002 3.13 .58 .225 <.001

Interest in science/chemistry 2.91 .77 2.96 .70 .064 .231 3.05 .67 .189 .003

Self-confidence in science/chemistry 2.52 .68 2.58 .63 .087 .109 2.60 .62 .124 .049

Value of science/chemistry to society 2.99 .71 3.11 .61 .185 .001 3.15 .59 .248 <.001

Teaching/learning experiences: interaction/debate/discussion 2.85 .69 2.90 .65 .071 .186 2.94 .67 .128 .042

Teaching/learning experiences: practical/experimental 2.46 .80 2.44 .73 .023 .663 2.48 .74 .028 .651

Teaching/learning experiences: relevance/applications 2.86 .89 2.88 .88 .018 .736 2.94 .87 .085 .181

Teaching and learning experiences (all) 2.73 .64 2.75 .60 .032 .551 2.79 .62 .098 .120

Perceptions of teachers 3.00 .80 3.08 .68 .096 .075 3.13 .67
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5.2.  Changes in students’ views across time
Changes in students’ views across time and any different 
patterns of changes across different students were 
considered through repeated-measures modelling (Table 
5-5). This accounted for the same students being surveyed 
on multiple occasions (where students’ responses 
were likely to be somewhat similar instead of being 
independent across time) and also accounted for students 
being clustered within schools (where students’ responses 
were likely to be somewhat similar within schools instead 
of being independent due to the shared teaching/learning 
context and wider environment). Comprehensive details 
of students’ changing views per year and per cohort are 
available as Supplemental Material.
The modelling revealed changes occurring over time for 
every outcome (Table 5-5). As an overview, generalising 
across both cohorts and across schools that received 
and did not receive the Chemistry for All programme, at 
Year 11, students tended to convey (Table 5-6):

•  Positive views regarding the value of chemistry 
to society and perceptions of their teachers;

•  Neutral views regarding utility value of 
chemistry, interest/enjoyment in chemistry, 
and experiences of teaching/learning; 

•  Negative views regarding their self-confidence 
in chemistry, encouragement to continue 
with science/chemistry, home support for 
chemistry achievement, and aspirations 
toward chemistry studying and careers.

Essentially, students’ views tended to become less 
positive over time from Year 8 (Table 5-1) to Year 11 
(Table 5-6). The clearest exceptions were that the students 
still tended to report that they ‘Sometimes’ engaged 
in extra-curricular engagement with science/chemistry 
(which could occur within and outside of school) and that 
they still ‘Sometimes’ had family encouragement/shared 
extra-curricular engagement. For these two areas, various 
changes occurred from year to year (but with no clear 
pattern); comparison students showed no differences 
when comparing their Year 8 and Year 11 views (via 
additional tests undertaken as part of the repeated-
measures modelling), while the Chemistry for All students 
reported slightly higher at Year 11 than Year 8.

5.2.1.  Chemistry for All and 
comparison students

Considering both cohorts combined (Table 5-5), 
the repeated-measures modelling revealed different 
patterns of change over time for the students who 
received the Chemistry for All programme compared to 
the comparison students for:

•  Aspirations towards science/chemistry overall 
(and for specific aspirations towards A-Level 
studying, university studying, and careers, 
when considered separately);

•  Perceived utility of science/chemistry;
• Interest/enjoyment in science/chemistry;
• Self-confidence in science/chemistry;

Indicator (1–4 scales, unless otherwise shown)

Chemistry for All students Chemistry for All students

M SD M SD D Sig. (p) M SD D Sig. (p)

Aspirations towards science/chemistry (all) 2.54 .84 2.66 .80 .146 .007 2.70 .83 .180 .004

Aspirations towards science/chemistry: A-Level studying 2.71 .91 2.83 .87 .140 .010 2.85 .90 .158 .013

Aspirations towards science/chemistry: university studying 2.46 .95 2.58 .91 .126 .020 2.61 .93 .157 .014

Aspirations towards science/chemistry: careers 2.46 .95 2.58 .93 .130 .016 2.62 .95 .172 .007

Aspirations towards science careers 2.46 .95 2.58 .93 .130 .016 2.62 .95 .172 .007

Perceived utility of science/chemistry 2.98 .68 3.09 .59 .166 .002 3.13 .58 .225 <.001

Interest in science/chemistry 2.91 .77 2.96 .70 .064 .231 3.05 .67 .189 .003

Self-confidence in science/chemistry 2.52 .68 2.58 .63 .087 .109 2.60 .62 .124 .049

Value of science/chemistry to society 2.99 .71 3.11 .61 .185 .001 3.15 .59 .248 <.001

Teaching/learning experiences: interaction/debate/discussion 2.85 .69 2.90 .65 .071 .186 2.94 .67 .128 .042

Teaching/learning experiences: practical/experimental 2.46 .80 2.44 .73 .023 .663 2.48 .74 .028 .651

Teaching/learning experiences: relevance/applications 2.86 .89 2.88 .88 .018 .736 2.94 .87 .085 .181

Teaching and learning experiences (all) 2.73 .64 2.75 .60 .032 .551 2.79 .62 .098 .120

Perceptions of teachers 3.00 .80 3.08 .68 .096 .075 3.13 .67 .165 .009

Encouragement to study science/chemistry 2.71 .99 2.79 .93 .083 .134 2.84 .91 .129 .046

Home support for science/chemistry achievement 2.63 .77 2.75 .72 .165 .003 2.77 .69 .188 .004

Extra-curricular engagement with science/chemistry 1.62 .65 1.66 .67 .058 .294 1.70 .68 .117 .072

Encouragement/shared extra-curricular engagement 1.84 .87 1.82 .88 .015 .791 1.83 .87 .003 .961

Indicator (1–4 scales, unless otherwise shown)

Comparison students Chemistry for All students

Girls Boys Difference Boys Girls Difference

M SD M SD D Sig. (p) M SD M SD D Sig. (p)

Aspirations towards science/chemistry (all) 2.56 .87 2.51 .83 .063 .465 2.56 .82 2.59 .81 .033 .385

Aspirations towards science/chemistry: 
A-Level studying 2.74 .91 2.66 .92 .081 .347 2.74 .89 2.73 .90 .008 .830

Aspirations towards science/chemistry: 
university studying 2.48 .98 2.43 .93 .047 .587 2.49 .91 2.51 .92 .021 .579

Aspirations towards science/chemistry: careers 2.49 .99 2.43 .92 .061 .482 2.44 .94 2.52 .95 .084 .029

Aspirations towards science careers 2.49 .99 2.43 .92 .061 .482 2.44 .94 2.52 .95 .084 .029

Perceived utility of science/chemistry 2.99 .67 2.96 .69 .046 .593 2.97 .61 3.02 .63 .082 .030

Interest in science/chemistry 2.88 .74 2.95 .81 .079 .354 2.72 .75 2.91 .73 .262 <.001

Self-confidence in science/chemistry 2.40 .60 2.62 .74 .325 <.001 2.39 .62 2.63 .65 .384 <.001

Value of science/chemistry to society 2.98 .63 3.00 .77 .037 .670 2.92 .64 3.08 .67 .235 <.001

Teaching/learning experiences: interaction/
debate/discussion 2.84 .62 2.86 .77 .027 .753 2.78 .64 2.85 .65 .102 .007

Teaching/learning experiences: practical/
experimental 2.43 .79 2.47 .82 .044 .610 2.34 .71 2.41 .73 .099 .010

Teaching/learning experiences: relevance/
applications 2.83 .84 2.89 .95 .065 .452 2.75 .86 2.85 .88 .112 .004

Teaching and learning experiences (all) 2.70 .59 2.73 .70 .049 .567 2.63 .58 2.70 .60 .120 .002

Perceptions of teachers 3.03 .81 2.97 .81 .076 .375 2.93 .70 3.00 .73 .098 .010

Encouragement to study science/chemistry 2.72 .93 2.72 1.04 .006 .943 2.73 .93 2.69 .97 .040 .306

Home support for science/chemistry 
achievement 2.63 .75 2.62 .81 .013 .886 2.71 .74 2.67 .75 .059 .134

Extra-curricular engagement with science/chemistry 1.48 .51 1.76 .73 .444 <.001 1.57 .59 1.71 .72 .213 <.001

Encouragement/shared extra-curricular 
engagement 1.74 .78 1.92 .94 .204 .022 1.78 .82 1.88 .92 .115 .004
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(and for the specific indicators of having 
opportunities to explain ideas and opinions, 
experiencing and engaging in a range of 
practical activities, and that teachers use 
science to help understand the world outside 
school, when considered separately);

•  Perceptions of teachers;

•  Extra-curricular engagement with 
science/chemistry.

These differences were characterised by changes over 
time being smaller for students within schools that 
received the Chemistry for All programme. Students 
tended to express similar views at Year 8 (Table 5-1); 
subsequently, students in schools that received the 
Chemistry for All programme tended to convey slightly 
higher views at Year 11 than students within comparison 
schools who did not receive the programme (Table 5-6).

Specifically, at Year 11 rricular engagement with
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11 students tended to convey positive views regarding 
their general achievement motivation (aiming for top 
grades and the best opportunities), slightly negative 
views for their personal value of chemistry (chemistry 
being a valued and inherent aspect of their identity), and 
slightly negative views for their family science capital/
connection (their perceptions of their family members 
having science-related qualifications, jobs, and/or 
interest in talking about science). Additionally, again at 
Year 11, students tended to convey current science grades 
and expected GCSE chemistry/science grades between 4 
and 5 (on the 0–9 numeric grade scale, with 9 reflecting 
the highest grade and 0 reflecting grade U); students 
tended to expect that they would achieve around grade 
C if they were to take A-Level chemistry (on a scale with A* 
reflecting the highest grade and U reflecting the lowest).

At Year 11, students within schools that received the 
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There were no differences in patterns of changing views 
over time across those with very low books at home 
and those with more books at home across receiving 
or not receiving the Chemistry for All programme. 
Essentially, it is possible to infer that the Chemistry for 
All programme had a similar influence on students with 
very low books at home and students with more books 
at home. Nevertheless, socio-economic circumstances 
are complex, and considering the number of books 
at home in this way only offers one particular and 
simplified perspective.

At Year 11 (Table 5-9), considering both cohorts 
combined, within schools that received the Chemistry 
for All programme, students who reported more books 
at home tended to express higher views than students 
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Notes: Results from both cohorts combined. The table shows the mean (‘M’; the average) and standard deviation (‘SD’; the extent of dispersion around the 
mean), together with the magnitude (‘D’; Cohen’s D) and significance (‘Sig. (p)’; p-values) of the differences across groups. Current and GCSE grades are shown 
on a 0-9 scale (0=U, 1=1, 2=2, 3=3, 4=4, 5=5, 6=6, 7=7, 8=8, 9=9); expected A-Level grades are shown on a 1-7 scale (1=U, 2=E, 3=D, 4=C, 5=B, 6=A, 7=A*).
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Indicator (1� 4 scales unless otherwise shown)
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Table 5-9: 
Students’ 
responses 
at Year 11 by 
books at home

s

Indicator (1–4 scales unless otherwise shown)

Comparison students Chemistry for All students

0-25 books 
at home

26+ books 
at home Difference 0-25 books 

at home
26+ books 

at home Difference

M SD M SD D Sig. (p) M SD M SD D Sig. (p)

Aspirations towards science/chemistry (all) 1.62 .74
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5.3. Summary
Overall, the students’ views and other experiences 
tended to become less positive over time; however, 
any changes over time were often smaller for students 
within schools that received the Chemistry for All 
programme compared to students within comparison 
schools. Specifically, the students tended to express 
similar initial views at Year 8; subsequently, at Year 11, 
students within schools that received the Chemistry for 
All programme tended to express higher views than the 
comparison students for their perceptions of teachers, 
teaching and learning experiences, aspirations toward 
chemistry, perceived utility of chemistry, extra-curricular 
engagement with science/chemistry, and interest/
enjoyment in chemistry.

At Year 11, the differences in views across students within 
schools that received the Chemistry for All programme 
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Students’ likes and dislikes 
about science/chemistry

CHEMISTRY FOR ALL 
REDUCING INEQUALITIES IN CHEMISTRY ASPIRATIONS AND ATTITUDES

6
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Y 6.  Students’ likes and dislikes about 
science/chemistry

Highlights and key findings

•  Many students liked experimental/practical 
work in science/chemistry, although 
highlighting this became less prevalent as 
students grew older.

•  Some students appreciated their teachers, and 
highlighting this became more prevalent as 
students grew older.

•  Students also liked: learning new things; 
learning many things and/or a variety of things; 
and learning about relevant things (including 
learning about the world and/or how 
things work).

•  Students disliked having to write extensively 
(including have to write about experimental/
practical work), although highlighting this was 
less prevalent as students grew older.

• 
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students explicitly mentioned chemistry topics (1019 
instances across Year 8, Year 9, Year 10, and Year 11; 8.2% 
of all responses), biology topics (560 instances; 4.5%), 
and physics topics (335 instances; 2.7%). The prevalence 
of these different subjects cannot be compared, however, 
given that the question was explicitly orientated towards 
chemistry from Year 10 onwards.

The prevalence of some categories varied across time 
(Table 6-1 and Table 6-2); repeated-measures modelling 
was used to concurrently consider changes across 
time and students who received and did not receive 
the Chemistry for All programme. Nevertheless, the 
smaller numbers of responses for some categories may 
have limited the potential of any analysis to definitively 
consider differences. For both cohorts considered 
together at Year 8, Year 9, Year 10, and Year 11, repeated-
measures modelling revealed the following (where 
patterns across time were similar across students who 
did and did not receive the Chemistry for All programme, 
unless otherwise mentioned):

•  Experimental and/or practical work: changes 
occurred over time (with a lesser extent of 
change for those who received the Chemistry for 
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Y •  “The teacher gives you confidence you will 
achieve well in your GCSE’s and the content is 
interesting”;

•  “The teacher makes sure we understand a 
certain topic before moving on. We learn a 
variety of things”;

• “Teacher makes subject enjoyable”;

•  “The teachers are very fun and make 
lessons interesting”;

•  “I find it the easiest out of all the sciences. I like 
my teacher which makes it more enjoyable”.

Learning new things:

• “Practicals and learning new things”;

• “Learning new things”;

• “Learning things I didn’t know, practical”;

•  “The unusual things that take place in 
experiments and learning about new and 
interesting things”;

• “We’re always learning new things”.

Learning many things and/or a variety of things:

•  “I enjoy the wide range of subjects we study as 
a part of chemistry”;

•  “I like learning about the different topics and 
how they intertwine”;

•  “I enjoy the wide range of subjects we study as 
a part of chemistry”;

• “I like learning about different things”;

• “The diversity in topics”.

Learning about relevant things:

• “Know more about the world”;

•  “Learning about how the materials in the 
world work”;

• “Learning about your body”;

• “Learning how the world works. Theory work”;

• “Learning how things work”;

•  “The subject can be engaging and helps in 
understanding situations across the world”;

•  “Interesting and helps us understand the way 
things work”;

•  “I like how it links to everyday life. I like 
learning new things”;

•  “It covers a wide range of subjects it gives a 
better understanding of the world”;

•  “We get to do interesting practicals which help 
us in day to day life and help us to expand 
our knowledge”;

•  “The practicals and being taught how it is 
relevant to everyday life”.

•  “I love doing the practices and the topics in the 
second paper of chemistry. I love talking about 
abiotic and biotic fuels and factor that affect 
the global temperature, the atmosphere along 
side with talking about the metals and the fuels 
that surround the world”.

Mentioning particular science topics:
•  “I like to learn about how atoms and all kinds of 

bonding work”;
•  “Ions, bonds, periodic table”;
• “Atoms”;
• “Electrolysis”;
•  “At the moment, I like learning about resources 

and the atmosphere”;
• “Global warming, pollution, crude oil”;
• “I like learning about organic chemistry”;
• “Learning about the atmosphere”;
• “Learning about the human body”;
• “Learning about the elements”;
• “Protons electrons and neutrons”.

Fun, enjoyment, and/or interest:
• “That it is interesting”;
• “It’s fun”;
• “The lessons are exciting and fun to learn”;
•  “I enjoy the experiments and I find it very 

interesting”;
• “Interesting topics”;
• “I like that it keeps me interested in science”;
• “The interesting nature of the subjects we do”;
• “I just like chemistry”;
•  “I think chemistry is fun especially when we do 

practicals”;
• “It’s fun doing experiments”.

Teachers being good, beneficial, and/or 
positively perceived:

• “The teacher is nice”;
• “I like my teacher”;
•  “We do lots of practicals and teachers make 

it easy”;
• “My teacher is good at teaching it”;
•  “I like that topics are taught well and we are 

frequently tested”;
•  “It’s extremely interesting my teacher helps 

me lots”;
• “Experiments and the way I am being taught”;
• “Guided through the subject”;
• “Good teachers, good equipment”;
•  “It is amazing because our teacher teaches it 

very well”;
• “Teacher is interactive and helpful”;
• “Teacher knows everything about the subject”;
•  “It is good and the teachers are passionate 

about their jobs”;
•  “It is good as the teachers help when you don’t 

understand a topic”;
• “The guidance and support provided”;
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Utility of science/chemistry and any wider benefits 
from learning/careers:

•  “We learn something new everyday and I 
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Y 6.2.  What things do you not like about 
science/chemistry at your school?

Similar findings were revealed across the two cohorts 
when considered separately and when combined. 
Considering both cohorts of students combined across 
Year 8, Year 9, Year 10, and Year 11, encompassing 
students within schools that received the Chemistry 
for All programme and students within other schools, 
the most prevalent themes for ‘What things do you 
not like about science/chemistry at your school?’ were 
the following:

•  Writing within teaching/learning (1398 
instances across Year 8, Year 9, Year 10, and 
Year 11; 12.3% of all responses). This included 
writing about practical/experimental work and 
writing in general.

•  Self-confidence related aspects (across any/all 
aspects; 1183 instances; 10.4%). This category 
encompassed students mainly conveying that 
science/chemistry was hard, difficult, complex, 
confusing, and/or hard to understand.

•  Boredom, no enjoyment, and/or disinterest 
(1119 instances; 9.8%).

•  Everything and/or that science/chemistry was 
generally perceived negatively without further 
detail being provided (1025 instances; 9.0%). 
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which could be characterised as less frequent 
mentioning over time.

•  Doing practical work: no clear changes were 
revealed over time.

•  Textbooks: changes occurred over time (with a 
lesser extent of change for those who received 
the Chemistry for All programme), which could 
be characterised as less frequent mentioning 
over time.

•  Memorisation/remembering: changes occurred 
over time, which could be characterised as 
more frequent mentioning over time.

6.2.1. Examples of responses
Writing within teaching/learning:

• “The written work”;

• “When we have to write a lot”;

• “Loads of writing”;

• “Lots of writing and explanations”;

• “Long writing tasks”;

• “The lessons writing out loads”;

• “The writing can get boring”.

Self-confidence related aspects:

• “Difficult”;

• 
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Textbooks within teaching/learning:

• “Have to do a lot of textbook work”;

• “Copying out of textbooks”;

• “Working from books/doing tests”;

• “Working from textbooks”;

•  “Book work in the sense that we just read off 
the textbook and write it down”.

Learning having to involve 
memorisation/remembering:

• “Learning the periodic table by heart”;

• “Memorising periodic table”;

• “Having to remember formulas”;

• “It’s a lot to remember + moles!”;

• “Remembering everything”;

•  “Too many equations that are too much for me 
to remember”;

•  “Equations, remembering all of the things I 
need to in order to do well”;

•  “Tests are on memory recall not applying 
the chemistry”.
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The findings affirm that many students like experimental/
practical work in science/chemistry, but some students 
dislike having to write extensively (including having to 
write about experimental/practical work), although 
highlighting these likes and dislikes became less prevalent 
as students grew older. Some students appreciated their 
teachers, and highlighting this became more prevalent as 
students grew older. Highlighting that science/chemistry 
was fun, enjoyable, and/or interesting was generally less 
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Highlights and key findings

•  S 
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56.5% of students in Chemistry for All schools 
who attended more than one optional 
activity/event.

•  Students were inspired to study science/
chemistry after GCSEs: conveyed by 24.6% 
of students in comparison schools, 33.2% of 
students in Chemistry for All schools, and 45.7% 
of students in Chemistry for All schools who 
attended more than one optional activity/event.

The largest differences involved perceptions that extra 
activities/events increased the students’ knowledge 
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15.0% of responses from students within schools that 
received the Chemistry for All programme and 17.6% of 
responses from students within comparison schools). 
For the older cohort of students alone, more students 
conveyed negative views within schools that received 
the Chemistry for All programme (16.8%) compared to 
students in comparison schools (5.9%) (V = .080, p = .040).

Aside from generally negative views (such as ‘bad’), 
activities and events were most frequently considered 
to be negative through being boring or uninteresting. 
Negative Year 11 examples are as follows:

• “Bad”;
• “Not good”;
• “They’re not interesting”;
• “Boring!”;
•  “I don’t like science, so I think they 

seem boring”;
• “Irrelevant”;
• “Personally I don’t think they’re useful”;
• “They don’t help”;
• “They are not very informative”;
• “They can be very repetitive”;
• “Pointless unless they are revision sessions”;
•  “I think that a lot of the events are run by 

people who don’t make it fun. So when it’s not 
fun I don’t have an interest in it”.
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potentially limited within schools and/or that particular 
students might be chosen (which suggests that others 
were not). At Year 11, across both cohorts, this was only 
conveyed through 1.2% of responses from students within 
schools that received the Chemistry for All programme 
and 1.6% of responses from students within comparison 
schools. Nevertheless, this may be a wider issue to 
consider when maximising inclusion and accessibility to 
extra-curricular activities/events. Examples are as follows:

•  “The same people get chosen every time so I 
wouldn’t know” [Chemistry for All school];

•  “They are good but not many people go 
because we don’t know about them and 
only certain people can go” [Chemistry for 
All school];

•  “I have never been invited to them just some 
of my class mate[s]. I think that they are [a] 
great idea but should be open to more people” 
[Chemistry for All school];

•  “I think they are good, but the same people 
are offered these extra-curricular activities; 
they don’t really ask others to participate” 
[Chemistry for All school];

•  “Not widely available but the concept is good, 
would be better if it was executed fairly and 
evenly distributed” [comparison school];

•  en 
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8.2. Summary
Students’ reports of their teacher using science/
chemistry to help them understand the world outside 
school positively predicted their aspirations towards 
science/chemistry, their interest/enjoyment in science/
chemistry, their perceived utility value of science/
chemistry, their self-confidence in science/chemistry, 
and their perceived value of science/chemistry to 
society. Students reports of more frequently attending 
a science/chemistry club was also an important positive 
predictor of their views. Doing practical experiments 
and having the chance to explain ideas were also 
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Y 9.  Factors associated with aspirations: 

the impact of social inequalities, 
perceived utility of chemistry 
(extrinsic motivation), and personal 
value of chemistry 

Highlights and key findings

This section starts with quantitative analysis and weaves 
in findings from qualitative case studies. 

•  Predictive modelling considered four 
outcomes, as expressed by students during 
Year 11: overall aspirations towards chemistry 
(across A-Level studying, university studying, 
and careers); specific aspirations towards 
studying chemistry at A-Level; specific 
aspirations towards studying chemistry at 
university; and specific aspirations towards 
chemistry careers.

•  Broadly similar findings were revealed when 
considering students’ overall aspirations 
towards chemistry (across A-Level studying, 
university studying, and careers) and when 
considering students’ specific aspirations 
towards A-Level studying, university studying, 
and careers, in turn.

•  Social inequalities such as socio-economic 
circumstances, gender, family science capital/
context, and home learning environments had 
initial associations with aspirations.

•  Students in schools that received the Chemistry 
for All programme (compared to students in 
comparison schools) were predicted to express 
higher aspirations, over and above influences 
following from other predictors. This effect 
disappeared in the final model looking at 
A-Level aspirations (suggesting that the 
programme may have impact shown via other 
predictors within the model) but remained 
for the models measuring university and 
career aspirations. 

•  The effect of family science capital 
(encompassing someone in the family having 
a science-related job, a science-related 
qualification, and/or interest in talking about 
science) lost significance when accounting 
for other predictors, including the students’ 
perceived utility value of chemistry and/or 
encouragement to continue studying. This 
suggested that students’ views and/or the 
provision of support or encouragement may be 
more important than the potential for support 
(someone’s access to capital/context). 

•  Higher school-level percentages of 
students where English was not their first 
language predicted students expressing 
higher aspirations.

•  Students’ participation in science extra-
curricular activities was positively associated 
with their aspirations.

•  The qualitative results indicate that Year 
11 students reported that they had been 
influenced to sels9C 
T*
cA-Level chemistry bs9C 
T*ause 
of the Chemistry for All programme at Year 11.

•  Year 11 interviews indicate that students 
who had more exposure to the Chemistry 
for All programme, where they were able to 
participate in hands-on activities, sels9C 
T*
ed 
A-Level Chemistry at the end of Year 11.

•  Encouragement to continue studying science/
chemistry from teachers predicted higher 
aspirations for all four chemistry outcomes.

•  Encouragement to continue studying science/
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•  The students’ interview narratives from Year 
11 affirmed that they felt that they had been 
positively influenced to select A-Level chemistry 
because of the Chemistry for All programme.

•  The students’ interview narratives from 
Year 11 also highlighted that students who 
had more exposure to the Chemistry for All 
programme, especially where they were able 
to participate in hands-on activities, reported 
that they were selecting A-Level chemistry at 
the end of Year 11.

•  Year 11 interviews indicate that students 
who had more exposure to the Chemistry 
for All programme, where they were able to 
participate in hands-on activities, selected 
A-Level Chemistry at the end of Year 11.

Students who were from less advantaged socio-
economic backgrounds were predicted to express the 
lowest aspirations in chemistry (when controlling for 
gender and the percentage of students in their school 
where English was not their first language). However, 
the magnitude of socio-economic disadvantage was 
reduced at Year 11 when controlling for engagement 
in extra-curricular science activities. This suggests how 
benefits from the Chemistry for All programme, which 
involved various extra-curricular activities/events, might 
reach and/or impact students.

9.1. Predictive modelling
Predictive modelling revealed the independent 
associations between aspects of students’ home life, 
educational contexts, and attitudes and beliefs relating 
to science/chemistry, and their studying and career 
aspirations for science/chemistry. The analysis focused 
on students’ views at Year 11, when students study 
GCSE or equivalent qualifications, immediately prior 
to studying A-Level or equivalent qualifications (or 
embarking on other studies and/or work). The predictive 
(multi-level) modelling accounted for students being 
clustered within schools, where students’ responses 
are likely to be somewhat similar within schools instead 
of being independent due to the shared context and 
environment (Snijders & Bosker, 2012).

The modelling predicted the students’ overall aspirations 
towards studying and careers (encompassing ‘I intend to 
continue to study chemistry at an A-Level or equivalent’, 
‘I intend to continue to study chemistry at university’, 
and ‘I would like a job that includes chemistry when I 
grow up’). Further detail and insights were also gained 
through predicting the separate items reflecting 
aspirations for A-Level studying, university studying, and 
careers, in turn.

For potential insight, the various predictors were added in 
sequential steps. This can help explore whether any initially 
observed associations are explained by the introduction 
of further indicators. For example, gender might initially 
associate with students’ aspirations; subsequently, also 
modelling students’ interest might reveal that interest 
predictively associates with aspirations, while gender 

might no longer be predictive. That pattern of changes 
would suggest that the initial association between gender 
and aspirations can be explained by different genders 
tending to express different levels of interest, which then 
associates with aspirations.

The findings were contextualised by students’ 
interview narratiF as were c(s)3 ( 10 42.5197 72l8o0 (sS448ey initially)-10 ( )]TJ
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Y •  Students’ interest/enjoyment in science/

chemistry, which can also reflect an intrinsic 
motivation towards science/chemistry;

•  Students’ self-confidence beliefs, reflecting 
their confidence in their own abilities in 
science/chemistry.

Correlation analysis (Table 9-1) affirmed that these 
indicators associated with the students’ aspirations 

IndicatorCorrelation with overall aspirations towards chemistry studying/careersAll studentsComparison studentsChemistry for All studentsR Sig. (p)RSig. (p)RSig. (p)Perceived utility of chemistry.736<.001.741<.001.734<.001Interest in chemistry.551<.001.555<.001.548<.001Self-confidence in chemistry.522<.001.559<.001.515<.001Value of chemistry to society.447<.001.431<.001.450<.001Personal value of chemistry.711<.001.690<.001.714<.001Programme (Comparison=0, Chemistry for All=1).084<.001----Cohort (Younger=0, Older=1)-.062.002-.066.195-.084<.001Gender (Girls=0, Boys=1).002.941.133.009-.019.390School: Total number of pupils-.015.455-.125.014.012.571School: Percentage of girls.045.027-.152.003.052.018School: Percentage of EAL.127<.001.176<.001.119<.001School: Percentage of FSM.100<.001.111.029.076.001School: Percentage of SEN.025.215.056.267.010.654Teaching/learning experiences: interaction/debate/discussion.308<.001.297<.001.303<.001Teaching/learning experiences: practical/experimental.379<.001.281<.001.390<.001Teaching/learning experiences: relevance/applications.348<.001.319<.001.349<.001Perceptions of teachers.227<.001.247<.001.214<.001Books at home.107<.001.105.040.124<.001Family science (science-related job, qualifications, talks science).327<.001.252<.001.341<.001Home support for science/chemistry achievement.496<.001.399<.001.513<.001Extra-curricular engagement with science/chemistry.461<.001.343<.001.479<.001Encouragement/shared extra-curricular engagement.240<.001.132.014.263<.001Encouragement to continue: from parents.574<.001.574<.001.575<.001Encouragement to continue: from teachers.539<.001.484<.001.548<.001Encouragement to continue: from friends.610<.001.566<.001.618<.001Parents/teachers conveying the value of science/chemistry .537<.001.495<.001.547<.001Achievement motivation.198<.001.180<.001.207<.001Grades: Science grade this year.311<.001.355<.001.318<.001Grades: Expected GCSE science/chemistry grade.370<.001.446<.001.373<.001Grades: Expected grade if A-Level chemistry were to be taken.447<.001.549<.001.428<.001Table 9-1: Correlations between aspirations and students’ views at Year 11s
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9.2.3.  Predicting students’ chemistry 
aspirations (scale score: A-Level, 
university, jobs) as of Year 11

Considering the students’ overall aspirations towards 
chemistry (across A-Level studying, university studying, 
and careers; Table 9-2), when only modelling students’ 
background characteristics (Table 9-2, model 1), the 
students’ aspirations were positively predicted by more 
advantaged socio-economic circumstances (as reflected 
by higher number of books at home) and by higher 
school-level percentages of students where English 
was not their first language. The younger cohort were 
predicted to express more positive aspirations than 
the older cohort. Those receiving the Chemistry for All 
programme were predicted to express higher aspirations 
than those in comparison schools. The students’ gender 
was not significantly predictive, when controlling for 
these other predictors at this stage of modelling.

The modelling then also included the students’ 
reports of their family science capital/context, which 
encompassed people in the family having science-
related jobs, qualifications, and/or interest in talking 
about science (Table 9-2, model 2). Higher family 
science capital/context predicted higher aspirations, 
accounting for the other predictors. 

The modelling then also included students’ other 
reports of their home circumstances and contexts 
(Table 9-2, model 3). Students’ participation in science 
extra-curricular activities (which could occur at home 
and/or at school) was positively associated with their 
aspirations, while the association between aspirations 
and number of books at home was reduced but 
remained significant. Additionally, home support for 
science/chemistry achievement (students’ agreeing that 
someone in the family wanted them to be successful 
in chemistry, helping them with homework/learning, 
and/or taking to them about their work), and parents 
encouraging students to continue with non-compulsory 
chemistry after GCSEs, both positively associated with 
the students’ aspirations. At this stage, the effect of 
family science capital (encompassing someone in the 
family having a science-related job, a science-related 
qualification, and/or likes to talk about science) lost 
significance; this suggested that having explicit support 
and/or encouragement may be more important than 
having the potential for support though capital/context. 
It is also plausible that family science capital entails that 
parents are more likely to facilitate or provide more extra-
curricular activities, home support for science/chemistry 
achievement, and/or encouragement (which explains 
how capital/context may broadly foster aspirations).

The modelling then also included students’ reports 
of their school circumstances and contexts, including 
their experiences/perceptions of various teaching 
approaches in science (Table 9-2, model 4). Teaching the 
applications of science and teaching that used hands-
on activities both had positive associations with the 
students’ chemistry aspirations. The influence of more 
books at home (reflecting students’ socio-economic 

circumstances) remained predictive. There was also 
a significant positive impact of teachers encouraging 
students to continue with chemistry after their GCSEs. 
Additionally, the students’ competitiveness with their 
peers (‘I want to be one of the best students in my class’) 
had an independent and positive association with 
their chemistry aspirations. This affirms and extends 
previous research, which found that students who held 
competitive personality traits were more likely to express 
higher aspirations, which was particularly prominent 
in girls with high physics aspirations (Mujtaba & Reiss, 
2013, 2014, 2016).

The modelling then also included the students’ personal 
attitudes and beliefs about chemistry (

aable 9-2
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Y Additionally, boys were predicted to express lower 

aspirations than girls. This finding may also link with 
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9.2.4.  Predicting students’ chemistry 
aspirations for A-Level as of Year 11

Further modelling explored what factors were associated 
with the students’ specific chemistry A-Level aspirations 
(Table 9-3). The model steps alongside the findings were 
very similar to the overall chemistry construct scale. 

Ultimately, the following indicators were found to 
have independent positive associations with students’ 
aspirations to continue with chemistry at A-Level (in 
order of descending magnitudes): 

•  perceived utility value of chemistry/ 
extrinsic motivation; 

• personal value of chemistry;

•  encouragement from teachers to undertake 
chemistry after GCSEs;

•  expected grade if chemistry were to be studied 
at A-Level; 

•  participation in extra-curricular science/
chemistry activities;

• interest/enjoyment in chemistry;
•  experiences of practical/experimental work 

within teaching/learning.
Receiving the Chemistry for All programme did not 
independently associate with aspirations, when accounting 
for the other predictors (which nevertheless suggests that 
the programme may have had indirect impact via other 
predictors within the model, given the difference in reported 
aspirations across Chemistry for All and comparison 
students). The influence of socio-economic disadvantage 
was reduced, although it remained significantly predictive. 
Additionally, students from the younger cohort were 
predicted to express higher aspirations. When accounting 
for the various other predictors, boys were predicted to 
express lower aspirations than girls.

Elements of the students’ home learning environment 
(home support for achievement in chemistry, and 
families encouraging students to continue with 
chemistry after GCSE), alongside family science capital, 
were not significant predictors of A-Level chemistry 
aspirations in the final model.

Predictors
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p)

Intercept N/A <.001 N/A <.001 N/A .012 N/A .731 N/A .012 N/A .003

School: Percentage of EAL .136 .004 .127 .007 .042 .169 .059 .067 - - - -

Programme (Comparison=0, Chemistry for All=1) .107 .051 .103 .060 .071 .073 .061 .123 .036 .325 .040 .276

Cohort (Younger=0, Older=1) -.072 .001 -.065 .006 -.064 .002 -.077 <.001 -.070 <.001 -.065 <.001

Gender (Girls=0, Boys=1) .045 .035 .043 .052 .026 .177 .009 .638 -.016 .342 -.034 .047

Books at home: 0-10 compared to 500+ -.241 <.001 -.170 <.001 -.083 .045 -.085 .038 -.055 .125 -.039 .285

Books at home: 11-25 compared to 500+ -.167 <.001 -.124
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Y 9.2.5.  Predicting students’ chemistry 

aspirations for careers as of Year 11
Further modelling considered what factors associated 
with students’ aspirations towards chemistry careers 
(Table 9-4). The model steps alongside the findings were 
very similar to the overall chemistry construct scale.

Ultimately, the following indicators were found to 
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9.2.6.  Predicting students’ chemistry 
aspirations for university as of Year 11

Further modelling considered what factors associated 
with students’ aspirations towards studying chemistry 
at university (Table 9-5). The model steps alongside 
the findings were very similar to the overall chemistry 
construct scale. 

Ultimately, the following indicators were found to 
have independent positive associations with students’ 
aspirations (in order of descending magnitudes): 

•  perceived utility of chemistry/ 
extrinsic motivation; 

• personal value of chemistry;

• self-confidence in chemistry;

• home support for achievement in chemistry; 

•  experiences of practical/experimental work in 
teaching/learning;

•  encouragement from teachers to undertake 
chemistry after GCSEs.

Additionally, receiving the Chemistry for All programme 
predictively associated with higher aspirations, 
compared to students in comparison schools. The 
influence of socio-economic disadvantage was reduced 
although it remained significant. Students from the 
younger cohort were also predicted to express more 
positive aspirations. Boys were also predicted to express 
lower aspirations. 

Predictors
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p)

Intercept N/A <.001 N/A <.001 N/A <.001 N/A .310 N/A .622 N/A .402

School: Percentage of EAL .108 .024 .108 .019 .027 .342 .042 .147 - - - -

Programme (Comparison=0, Chemistry 
for All=1)

.153 .011 .148 .012 .115 .005 .099 .014 .076 .026 .076 .022

Cohort (Younger=0, Older=1) -.079 <.001 -.064 .007 -.063 .003 -.069 .001 -.064 <.001 -.057 .002

Gender (Girls=0, Boys=1) .034 .111 .027 .221 .014 .467 -.004 .847 -.029 .093 -.041 .021

Books at home: 0-10 compared to 500+ -.248 <.001 -.164 .001 -.098 .024 -.104 .016 -.076 .043 -.076 .050

Books at home: 11-25 compared to 500+ -.153 <.001 -.093 .039 -.076 .064 -.094 .021 -.088 .014 -.085 .020

Books at home: 26-100 compared to 500+ -.192 <.001 -.149 .002 -.119 .006 -.134 .002 -.106 .005 -.100 .009

Books at home: 101-200 compared to 500+ -.110 .002 -.105 .005 -.095 .005 -.098 .003 -.081 .006 -.076 .011

Books at home: 201-500 compared to 500+ -.074 .014 -.080 .011 -.081 .005 -.090 .002 -.075 .003 -.069 .007

Family science (science-related job, 
qualifications, talks science)

.271 <.001 -.036 .151 -.046 .064 .005 .828 .001 .969

Home support for science/chemistry 
achievement

.159 <.001 .090 .003 .059 .022 .063 .016

Encouragement to continue: parents .328 <.001 .253 <.001 - - - -

Extra-curricular engagement with science/
chemistry

.184 <.001 .123 <.001 .035 .091 .025 .236

Teaching/learning experiences: practical/
experimental

.147 <.001 .070 .001 .060 .007

Teaching/learning experiences: relevance/
applications

.036 .145 -.051 .024 -.046 .043

Teaching/learning experiences: 
interaction/debate/discussion

-.008 .748 -.022 .331 -.024 .301

Encouragement to continue: teacher .136 <.001 .090 <.001 .058 .014

‘I want to be one of the best students in 
my class’

.041 .042 -.060 .001 -.071 <.001

Interest in chemistry .031 .215 -.001 .972

Personal value of chemistry .311 <.001 .285 <.001

Perceived utility of chemistry .306 <.001 .316 <.001

Self-confidence in chemistry .096 <.001

Grades: Expected grade if A-Level 
chemistry were to be taken

.021 .325

Explained variance 4.4% 9.4% 30.2% 33.3% 48.8% 48.9%

Unexplained variance (residual) 91.7% 87.4% 68.8% 65.7% 50.4% 50.4%

Unexplained variance (school) 3.8% 3.2% 1.0% 1.0% .8% .7%



82

9.
   F

AC
TO

RS
 A

SS
O

CI
AT

ED
 W

IT
H

 A
SP

IR
AT

IO
N

S:
 T

H
E 

IM
PA

CT
 

O
F 

SO
CI

A
L 

IN
EQ

UA
LI

TI
ES

, P
ER

CE
IV

ED
 U

TI
LI

TY
 O

F 
CH

EM
IS

TR
Y 

( E
XT

RI
N

SI
C 

M
OT

IV
AT

IO
N

) , 
A

N
D

 P
ER

SO
N

A
L 

VA
LU

E 
O

F 
CH

EM
IS

TR
Y 9.3. 



83

Subsequently, the modelling also included the students’ 
reports of their family science capital/contexts (Table 9-6, 
model 2); higher family science capital/context predicted 
higher aspirations, accounting for the other predictors.

Subsequently, including the students’ participation in 
science/chemistry extra-curricular activities (Table 9-6, 
model 3) highlighted that this was positively associated 
with their aspirations. The effect of social disadvantage 
(the number of books at home) became non-significant, 
when accounting for the predictors at this stage of 
modelling, indicating that there was no difference in 
aspirations between students from disadvantaged and 
advantaged backgrounds. Students who came from a 
family who provided support in achieving well in science 
were predicted to express higher aspirations. There was 
a further positive impact of parents/family encouraging 
students to continue with chemistry after GCSEs.

When also considering students’ experiences/
perceptions of various science teaching/learning 
approaches (Table 9-6, model 4), teaching that 
conveyed the wider applications/relevance of science 
and experimental/practical work in teaching/learning 
both had positive associations with students’ science 
aspirations. There was also a significant positive 
impact of teachers encouraging students to continue 
with science after GCSEs. The students’ achievement 
motivation was also found to have an independent 
positive association with science aspirations.

When considering students’ chemistry attitudes 
(Table 9-6, model 5), students’ interest/enjoyment for 
chemistry (intrinsic motivation), perceived utility value 
of chemistry (extrinsic motivation), and personal value 
of chemistry had significant positive associations with 
science aspirations. Of the three, and of all measures 
within the modelling, perceived utility value of chemistry 
had the strongest magnitude of association.

Finally (Table 9-6, model 6), students’ expected grades 
at GCSE science and students’ self-confidence in their 

chemistry abilities/capabilities were included; expected 
GCSE grades in science were positively associated 
with science aspirations, although the students’ self-
confidence beliefs were negatively associated with 
science aspirations. This pattern of coefficients might 
suggest mediation effects, or more complex patterns 
of direct and indirect associations that would need to 
be explored through further modelling. For example, 
it is possible that students’ (current) self-confidence in 
chemistry associates with their expected (future) GCSE 
science grades, which then associates with aspirations. 

Ultimately, the following indicators were found to 
have independent positive associations with students’ 
aspirations (in order of descending magnitudes): 

•  perceived utility of chemistry 
(extrinsic motivation);

• personal value of chemistry; 

•  encouragement to continue with chemistry 
from teachers; 

• expected GCSE grades in science; 

• home support for achievement in chemistry; 

•  interest/enjoyment in chemistry 
(intrinsic motivation);

•  participation in extra-curricular science/
chemistry activities. 

The influence of socio-economic disadvantage (books 
at home) was eliminated when accounting for the other 
predictors (involving students’ home circumstances 
and support). Boys were predicted to express lower 
aspirations. There was no predicted difference between 
students in the Chemistry for All schools and the 
students in comparison schools in their aspirations in 
science, when accounting for the various predictors in 
the modelling. 
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9.3.2.  Predicting students’ science 
aspirations for A-Level as of Year 11

Further modelling considered the students’ specific 
aspirations towards studying science at A-Level (Table 
9-7). The model steps alongside the findings were very 
similar to the overall science aspirations scale. 

Ultimately, the following indicators were found to 
have independent positive associations with students’ 
aspirations (in order of descending magnitudes): 

•  perceived utility of chemistry (extrinsic 
value/motivation);

•  encouragement by teachers to continue 
science/chemistry after GCSEs;

•  expected GCSE science grades; 

•   personal value of chemistry;

•  home support for achievement in 
science/chemistry;

•  interest/enjoyment for chemistry (intrinsic 
value/motivation);

•  extra-curricular engagement in 
science/chemistry.

The influence of socio-economic disadvantage was 
eliminated when accounting for the other predictors 
(involving students’ home circumstances and support). 
With respect to gender, boys were predicted to express 
lower aspirations.

Predictors
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p)

Intercept N/A <.001 N/A <.001 N/A <.001 N/A .185 N/A .758 N/A .078

School: Percentage of EAL .134 .013 .117 .017 .033 .311 .043 .164 - - - -
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9.3.4.  Predicting students’ science 
aspirations for university as of Year 11

Further modelling considered students’ specific 
aspirations for studying science at university (Table 
9-9). The model steps alongside the findings were 
very similar to the overall science aspirations scale. 
The final model revealed that the following were 
independent predictors:

•  perceived utility value of chemistry 
(extrinsic motivation);

• personal value of chemistry;

•  encouragement by teachers to continue in 
science/chemistry after GCSEs;

•  home support for achievement in 
science/chemistry; 

• expected GCSE science grades; 

•  extra-curricular engagement in 
science/chemistry.

•
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Y 9.3.5.  Summary of similarities and 

differences between chemistry and 
science outcomes as of Year 11

Similarities and differences in results across the Year 
11 chemistry and Year 11 science models included the 
following points:

•  The predictive association between socio-
economic disadvantage (books at home) and 
aspirations was reduced for both chemistry 
and science outcomes when accounting for 
other aspects of life and students’ various 
attitudes and beliefs.

•  Family science capital/context initially 
associated with both chemistry and science 
aspirations. The initial association was reduced 
in magnitude when accounting for students’ 
perceived utility value, interest/enjoyment, and 
personal value of chemistry.

•  Encouragement from teachers to continue with 
science/chemistry after GCSEs predicted higher 
aspirations for both science and chemistry.

•  Students reporting that their families provided 
a positive home learning environment for 
science/chemistry predicted higher aspirations 
for both chemistry and science.

•  Students who had a high personal value of 
chemistry were predicted to express higher 
chemistry and science aspirations.

•  Students with higher levels of competitiveness 
(higher agreement with ‘I want to be one of the 
best students in my class’) were predicted to 
express higher aspirations. It is possible that 
higher general motivation for achievement 
may link with recognising the utility value, and/
or focusing on extrinsic gains.

•  Interest/enjoyment for chemistry was positively 
associated with both A-Level chemistry and 
science aspirations.

•  The strongest predictor of Year 11 students’ 
aspirations in chemistry and science was perceived 
utility value (extrinsic value/motivation).

•  Students in schools that received the Chemistry 
for All programme were often predicted to 
express higher chemistry aspirations than 
students in comparison schools, even when 
accounting for the various other predictors. 
However, the Chemistry for All programme had no 
independent association with science aspirations 
when accounting for the various other predictors.

•  Students’ extra-curricular engagement with 
science/chemistry had an independent 
influence on students’ aspirations in chemistry 
for all four outcomes. However, for science 
outcomes, this association was only apparent 
for university aspirations, A-Level aspirations, 
and for overall science aspirations.

•  The largest predictor of Year 11 students’ 
aspirations in science was their perceived utility 
value of chemistry (extrinsic value/motivation), 
followed by personal value of chemistry, for 
all four chemistry outcomes; however, for 
science outcomes, whilst extrinsic motivation 
was similarly important, the personal value of 
chemistry was less important.

•  The students’ chemistry self-confidence beliefs 
were not associated with science outcomes 
but was associated with chemistry outcomes. 

9.4. Results for science as of Year 9
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accounting for the various other predictors, 
those from disadvantaged backgrounds 
with lower numbers of books at home were 
predicted to express higher aspirations than 
those with the highest number of books 
at home. 

•  Family science capital had an initial association 
with science aspirations, but lost any impact 
when accounting for home support for science/
chemistry achievement, extra-curricular 
engagement, and encouragement to continue 
studying from parents. Essentially, family 
science capital may reflect the potential for 
support, which fosters the provision of actual 
support, activities, and encouragement, which 
then fosters aspirations.

•  Students’ participation in science extra-
curricular activities was positively associated 
with students’ aspirations, but this measure 
tended to lose significance when accounting for 
students’ attitudes and beliefs (their perceived 
utility value or extrinsic motivation, interest/
enjoyment, and personal value). Essentially, 
extra-curricular activities may foster attitudes 
and beliefs, which then foster aspirations.

•  Students who reported that their families 
provided a positive home learning 
environment for science were predicted to 
express higher aspirations in science for all four 
science outcomes.

•  Students who expressed higher personal value 
of science were predicted to express higher 
science aspirations for all four outcomes.

•  The strongest predictor of students’ aspirations 
in science/chemistry at Year 9 was their 
perceived utility value of science (extrinsic 
value/motivation) for all four science outcomes.

•  Interest/enjoyment (intrinsic value/motivation) 
of science was positively associated with all 
four outcomes. 

•  Teachers encouraging students to continue 
with science after GCSEs predicted higher 
aspirations all four science outcomes.

•  The students’ self-confidence beliefs for 
science were associated with their overall 
aspirations, their specific aspirations towards 
studying science at A-Level, and their specific 
aspirations towards careers in science.

•  Boys were predicted to express lower 
aspirations, when accounting for the other 
predictors, for overall aspirations (across 
A-Level, university, and careers) and for 
specific aspirations towards studying science 
at A-Level and for specific aspirations towards 
science careers.

9.4.1.
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members having science-related jobs, qualifications, 
and/or interest in talking about science) lost significance 
at this stage of modelling.
The modelling then also included students’ reports of 
their school circumstances and contexts, including their 
experiences/perceptions of various teaching approaches 
in science (Table 9-10, model 4). Teaching that conveyed 
the applications/relevance of science and teaching that 
was interactive with students (such as class discussions) 
had positive associations with science aspirations. 
Achievement motivation against peers (agreement with 
‘I want to be one of the best students in my class’) also 
positively associated with science aspirations.
The modelling then also included the students’ personal 
attitudes and beliefs about science/chemistry (Table 
9-10, model 5). Students’ interest/enjoyment (intrinsic 
motivation), perceived utility value (extrinsic motivation), 
and personal value of science all had significant positive 
associations with science aspirations. Perceived utility 
value had the strongest magnitude.

Finally (Table 9-10, model 6), students’ expected grades at 
GCSE science and students’ self-confidence beliefs were 
also included, where self-confidence beliefs positively 
predicted aspirations. Ultimately, the following measures 
were found to have independent positive associations with 
students’ aspirations (in order of descending magnitudes): 

•  perceived utility value of science (extrinsic 
value/motivation); 

• personal value of science;
• intrinsic value of science;
• home support for achievement in science; 
• self-confidence beliefs. 

The influence of socio-economic disadvantage was 
eliminated between the most disadvantaged group 
and the most advantaged group; in fact, students from 
disadvantaged backgrounds were predicted to express 
higher aspirations once accounting for the other 
predictors. With respect to gender, boys were predicted 
to express lower aspirations than girls, when accounting 
for the various predictors.

Predictors
Model 1
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9.4.2.  Predicting students’ science 
aspirations for A-Level as of Year 9

The model steps for Year 9 science A-Levels (Table 9-11) 
were very similar to the overall science aspirations 
scale. Ultimately, the following measures were found to 
have independent positive associations with students’ 
aspirations (in order of descending magnitudes): 

• 
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9.4.4.  Predicting students’ science 
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Y 9.4.5.  Summary of similarities and 

differences between science 
outcomes as of Year 9 and Year 11

Similarities and differences in findings across the Year 9 
science and Year 11 science models were as follows:

•  The influence of socio-economic disadvantage 
(inferred from the number of books at home) 
tended to be reduced or eliminated between 
the most disadvantaged group and the most 
advantaged group, when accounting for the 
various other predictors.

•  Family science capital had an initial 
association with science aspirations, but 
the association tended to be reduced when 
accounting for home support for science/
chemistry achievement, extra-curricular 
engagement, and encouragement to continue 
studying from parents (and/or students’ 
attitudes and beliefs). Essentially, family 
science capital may reflect the potential for 
support, which fosters the provision of actual 
support, activities, and encouragement 
(and/or attitudes and beliefs), which then 
fosters aspirations.



Associations between 
students’ views: 
cross-sectional modelling 
exploring whether attitudes 
at Year 8 or Year 11 are 
more important for 
Year 11 aspirations

CHEMISTRY FOR ALL 
REDUCING INEQUALITIES IN CHEMISTRY ASPIRATIONS AND ATTITUDES
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S 10.  Associations between students’ 
views: cross-sectional modelling 
exploring whether attitudes at Year 8 
or Year 11 are more important for Year 
11 aspirations

Highlights and key findings

•  Increases in extra-curricular engagement, 
interest/enjoyment, and self-confidence beliefs 
across Year 8 to Year 11 were not independently 
associated with students’ aspirations as of 
Year 11 when also accounting for increases in 
perceived utility value.

•  Increases in perceived utility value (science/
chemistry being valued as facilitating careers, 
jobs, and future opportunities in general) 
across Year 8 to Year 11 positively predicted 
chemistry aspirations as of Year 11 and science 
aspirations as of Year 11.

•  Students’ personal value of chemistry as of 
Year 11 and encouragement from parents to 
continue studying science/chemistry as of 
Year 11 also positively predicted chemistry 
aspirations as of Year 11 and science aspirations 
as of Year 11.

10.1.  Factors influencing students’ 
aspirations in chemistry

Predictive (multi-level) modelling explored which (changing) 
attitudes at Year 8 and/or Year 11 associated with students’ 
aspirations at Year 11. Preliminary models indicated that 
perceived utility value (extrinsic value/motivation) had the 
strongest association with aspirations. Many preliminary 
models also indicated that, to varying extents, engagement 
with extra-curricular activities, interest/enjoyment, and self-
confidence beliefs associated with aspirations.

The following modelling therefore focused on changes 
in perceived utility value between Year 8 and Year 11, and 
explored what impact this had on students’ aspirations at 
Year 11. Preliminary modelling also considered changes in 
engagement in science extra-curricular activities, interest/
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Chemistry for All programme (compared to comparison 
schools) in the final model. 

Family science capital: Those students who reported 
having more family science capital were predicted 
to express higher aspirations, but this was ultimately 
not significant in the final model when controlling for 
students’ attitudes. 

Positive home learning environment: Students with 
positive home learning environments in chemistry who 
reported that their family encouraged them to continue 
studying science/chemistry after GCSEs were predicted 
to express higher aspirations; in the final model, this was 
only apparent encouragement as of Year 11. 

Controls

Socio-economic disadvantage: Students’ socio-
economic circumstances as measured by the number 
of books at home was a significant predictor in the 
final model.

Students’ gender: There was not a significant effect of 
gender in the final model.

Students’ age/cohort: There was not a significant effect 
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S 10.1.2.  Predicting students’ chemistry 
aspirations for A-Level as of Year 11

Change in perceived utility value/extrinsic motivation 
between Year 8 and Year 11: Students who developed 
more positive views about the perceived utility of 
science/chemistry (such as the benefits of chemistry/
science qualifications) between Year 8 and Year 11 
were more likely to report positive aspirations at Year 
11. This had the largest magnitude of association with 
aspirations, larger than any other attitude, or change in 
attitude, or other modelled indicator.

Change in students’ participation in science extra-
curricular activities between Year 8 and Year 11: 
Within preliminary analysis, these changes were not 
linked with aspirations, when accounting for the other 
predictors including change in perceived utility value. 
This indicator was therefore not included within the 
final model for clarity; this also ensured that there was a 
focus on changes in perceived utility value.

Change in intrinsic motivation between Year 8 and 
Year 11: Within preliminary analysis, these changes 
were not linked with aspirations, when accounting for 
the other predictors including change in perceived 
utility value. This indicator was therefore not included 
within the final model for clarity; this also ensured that 
there was a focus on changes in perceived utility value.

Change in self-confidence between Year 8 and Year 11: 
Within preliminary analysis, these changes were not 
linked with aspirations, when accounting for the other 
predictors including change in perceived utility value. 
This indicator was therefore not included within the 
final model for clarity; this also ensured that there was a 
focus on changes in perceived utility value.

Controls

Socio-economic disadvantage: Students’ socio-
economic circumstances as measured by the number 
of books at home was a significant predictor; in the 
final model this lost significance after accounting for 
students’ attitudes.

Students’ gender: There was not a significant effect of 
gender in the final model.

Students’ age/cohort: There was not a significant effect 
of age in the final model.

School type: Higher school-level percentages of 
students where English was not their first language 
associated with students’ expressing higher aspirations, 
but this was not significant in the final model. 

Intervention status: There was no significant effect 
of the Chemistry for All programme (compared to 
comparison schools) in the final model. 

Family science capital: Those students who reported 
having more family science capital were predicted to 
express higher aspirations, but this was ultimately not 
significant when controlling for students’ attitudes. In 
the final model there was an odd effect of a reversal of 
the trend.

Positive home learning environment: Students with 
positive home learning environments in chemistry who 
reported that their family encouraged them to continue 
studying science/chemistry after GCSEs were predicted 
to express higher aspirations; in the final model this was 
apparent for encouragement as of Year 8 and as of Year 11.

The final model of students’ views at Year 8 and at Year 
11 predicting their Year 11 aspirations towards studying 
chemistry at A-Level is shown in Table 10-2. Students’ 
aspirations at Year 11 were positively predicted by 
their change in perceived utility value of chemistry/
extrinsic motivation (between Year 8 and Year 11), by 
encouragement to continue studying from parents as of 
Year 8 and as of Year 11, and by personal value as of Year 
11, but negatively predicted by family science capital/
context as of Year 11. This negative association may 
suggest more complex patterns of mediation, where 
family science capital/context may predict one or more 
of the other indicators, which then predicts aspirations.
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10.1.3.  Predicting students’ chemistry 
aspirations for careers as of Year 11

Change in perceived utility value/extrinsic motivation 
between Year 8 and Year 11: Students who developed 
more positive views about the perceived utility of 
science/chemistry (such as the benefits of chemistry/
science qualifications) between Years 8 and Year 11 
were more likely to report positive aspirations at Year 
11. This had the largest magnitude of association with 
aspirations, larger than any other attitude, or change in 
attitude, or other modelled indicator.

Change in students’ participation in science extra-
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S Family science capital: Those students who reported 
having more family science capital were predicted 
to express higher aspirations, but this was ultimately 
not significant in the final model when controlling for 
students’ attitudes.

Positive home learning environment:
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Controls

Socio-economic disadvantage: Students’ socio-
economic circumstances as measured by the number of 
books at home was a significant predictor of aspirations; 
students from more advantaged backgrounds were 
predicted to express higher aspirations. 

Students’ gender: There was not a significant effect of 
gender in the final model.

Students’ age/cohort: There was a significant effect of age 
in the final model; younger students had higher aspirations.

School type: Higher school-level percentages of 
students where English was not their first language 
associated with students’ expressing higher aspirations, 
but this was not significant in the final model. 

Intervention status: There was a significant effect of the 
Chemistry for All programme (compared to comparison 
schools) in the final model. 

Family science capital: Those students who reported 
having more family science capital were predicted 
to express higher aspirations, but this was ultimately 
not significant in the final model when controlling for 
students’ attitudes. 

Positive home learning environment: Students with 
positive home learning environments in chemistry who 
reported that their family encouraged them to continue 
studying science/chemistry after GCSEs were predicted 
to express higher aspirations; in the final model, this was 
only apparent with encouragement as of Year 11.

The final model of students’ views at Year 8 and at 
Year 11 predicting their Year 11 aspirations towards 
studying chemistry at university is shown in Table 
10-4
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10.2.2.  Predicting students’ science 
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Controls

Socio-economic disadvantage: Students’ socio-
economic circumstances as measured by the number of 
books at home was a significant predictor; students from 
the most advantaged backgrounds of having more than 
500 books were predicted to express higher aspirations. 
However, this lost statistical significance once students’ 
attitudes were accounted for in the final model.

Students’ gender: There was not a significant effect of 
gender in the final model.
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S 10.2.4.  Predicting students’ science 
aspirations for university as of Year 11

Change in perceived utility value/extrinsic motivation 
between Year 8 and Year 11: Students who developed 
more positive views about the perceived utility of 
science/chemistry (such as the benefits of chemistry/
science qualifications) between Years 8 and Year 11 
were more likely to report positive aspirations at Year 
11. This had the largest magnitude of association with 
aspirations, larger than any other attitude, or change in 
attitude, or other modelled indicator.

Change in students’ participation in science extra-
curricular activities between Year 8 and Year 11: 
Within preliminary analysis, these changes were not 
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 Predictors β Sig. (p)

Intercept N/A .790

School: Percentage of EAL .019 .675

Programme (Comparison=0, Chemistry for All=1) -.030 .657

Cohort (Younger=0, Older=1) -.044 .220

Gender (Girls=0, Boys=1) -.060 .042

Books at home: 0-10 compared to 500+ .028 .711

Books at home: 11-25 compared to 500+ .044 .539

Books at home: 26-100 compared to 500+ .066 .376

Books at home: 101-200 compared to 500+ .012 .832

Books at home: 201-500 compared to 500+ -.008 .858

Year 11: Family science (science-related job, qualifications, talks science) -.027 .426

Year 8: Extra-curricular engagement with science/chemistry .026 .441

Year 11: Extra-curricular engagement with science/chemistry .086 .023

Year 8: Self-confidence in science/chemistry .067 .055

Year 11: Self-confidence in chemistry .000 .997

Year 8: Interest in science/chemistry .015 .701

Year 11: Interest in chemistry .031 .446

Year 11: Personal value of chemistry .270 <.001

Change from Year 8 to Year 11: Perceived utility of science/chemistry .150 <.001

Year 8: Encouragement to continue: parents .025 .457

Year 11: Encouragement to continue: parents .279 <.001

Explained variance 41.9%

Unexplained variance (residual) 55.5%

Unexplained variance (school) 2.5%

Notes: Results from both cohorts combined. The table shows the standardised predictive coefficient (‘β’) and significance (‘Sig. (p)’; p-values) per predictor.

Table 10-8: 
Students’ 
views at Year 
8 and at Year 
11 predicting 
their Year 
11 specific 
aspirations 
towards 
studying 
science at 
university

s
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Associations between students’ 
views via path analysis 

CHEMISTRY FOR ALL 
REDUCING INEQUALITIES IN CHEMISTRY ASPIRATIONS AND ATTITUDES
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S 11.  Associations between students’ views 

via path analysis 
Highlights and key findings

•  Many aspects of life have direct and/or indirect 
associations with students’ aspirations.

•  Combining direct and indirect predictive 
associations, students’ chemistry aspirations 
at Year 11 most strongly associated with their 
perceived utility, personal value, expected 
grades if A-Level chemistry were to be taken, 
encouragement to continue studying (from 
friends and from parents), extra-curricular 
engagement, and teaching/learning 
experiences of practical/experimental work.

11.1. Path analysis
Associations between students’ responses were 
revealed through path analysis (structural combinations 
of predictive models) undertaken through ‘structural 
equation modelling’. The analysis predicted the students’ 
perceived utility value of chemistry, interest/enjoyment 
in chemistry, self-confidence in chemistry, perceived 
value of chemistry to society, and their personal value of 
chemistry, using the various indicators of the students’ 
school and home contexts and experiences. Concurrently, 
all of the indicators, including the students’ perceived 
utility value of chemistry and their other attitudes and 
beliefs, also predicted the students’ aspirations towards 
chemistry. The modelling considered students’ reports 
from Year 11, the last year of secondary education before 
upper-secondary education or other pathways in life.
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Additional insights were revealed through considering 
predictors of the students’ attitudes and beliefs. These 
results did not consider predictive associations across 
the students’ attitudes and beliefs, for example where 
students’ interest/enjoyment might also predict their 
perceived utility value.

The students’ perceived utility value of science/chemistry 
was most strongly and positively predicted by:

•  Parents/teachers conveying the value of science;

•  Expected grade if A-Level chemistry were to 
be taken;

•  Encouragement to continue studying science/
chemistry from friends;

• Achievement motivation;

•  Extra-curricular engagement with 
science/chemistry;

•  Encouragement to continue studying science/
chemistry from parents;

•  Teaching/learning experiences of the 
relevance/applications of science/chemistry.

The students’ interest/enjoyment of chemistry was most 
strongly and positively predicted by:

•  Teaching/learning experiences of teachers 
conveying relevance/applications;

•  Expected grade if A-Level chemistry were to 
be taken;

•  Encouragement to continue studying science/ 
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Predictors
Utility Interest Self-confidence Value to society Personal value Aspirations

β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p) β Sig. (p)

Perceived utility of chemistry - - - - - - - - - - .405 <.001

Interest in chemistry - - - - - - - - - - .055 .008

Self-confidence in chemistry - - - - - - - - - - .050 .072

Value of chemistry to society - - - - - - - - - - -.044 .027

Personal value of chemistry - - - - - - - - - - .220 <.001

Programme (Comparison=0, Chemistry for 
All=1)

.048 .006 .007 .761 .027 .107 .003 .879 .024 .274 .045 <.001

Cohort (Younger=0, Older=1) -.036 .188 -.021 .264 -.009 .745 -.015 .254 -.006 .841 -.049 <.001

Gender (Girls=0, Boys=1) -.008 .455 -.006 .582 .097 <.001 .044 .003 .016 .308 -.027 .041

School: Total number of pupils .003 .839 -.005 .776 -.040 .088 .029 .013 .005 .721 .041 .007

School: Percentage of girls .044 .015 .036 .309 .007 .780 .057 .037 .035 .101 -.014 .440

School: Percentage of EAL -.027 .236 .004 .881 .026 .149 -.020 .312 -.004 .823 .077 <.001

School: Percentage of FSM -.024 .284 -.057 .012 -.027 .310 -.025 .145 -.042 .158 -.001 .957

School: Percentage of SEN .051 .104 .091 .007 .062 .014 .055 .006 .064 .017 .055 <.001

Teaching/learning experiences: interaction/
debate/discussion

.019 .541 .110 <.001 .121 <.001
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S Students’ aspirations for A-Level chemistry

Specifically considering the students’ aspirations 
towards A-Level chemistry (Table 11-3 and Table 11-4
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Notes: Results from both cohorts combined. The table shows the standardised predictive coefficient (‘β’) and significance (‘Sig. (p)’; p-values) per predictor for 
each outcome.
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Notes: Results from both cohorts combined. The table shows the standardised predictive coefficient (‘β’) and significance (‘Sig. (p)’; p-values) per predictor for 
each outcome.
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Specifically considering the students’ aspirations 
towards studying chemistry at university (Table 
11-7 and Table 11-8), the strongest direct predictive 
associations were:
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Students’ career aspirations

Similar findings arose for students’ aspirations towards 
chemistry careers (Table 11-11 and Table 11-12) and 
aspirations towards science careers (Table 11-13 and 

Table 11-14), affirming the importance of students’ 
perceived utility of chemistry and personal value of 
chemistry, along with numerous other views and 
aspects of life.
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Predictors
Utility Interest
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Notes: Results from both cohorts combined. The table shows the standardised predictive coefficient (‘β’) and significance (‘Sig. (p)’; p-values) per predictor for 
each outcome.
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Mixed methods analysis: 
How social inequalities map out 
onto the perceptions of students’ 
experiences and lives

CHEMISTRY FOR ALL 
REDUCING INEQUALITIES IN CHEMISTRY ASPIRATIONS AND ATTITUDES

12
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In order to gain greater insights into students’ aspirations, and their wider connections and identifications with chemistry, the students’ narratives were analysed and contextualised with further findings from the students’ questionnaire responses. There are a range of factors that influence students’ chemistry aspirations, which o�en have interrelated connections. The qualitative analysis paifacularly explored some of these complex interrelated relationships.The relationship between family science capital and 
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•  More positive home learning environments 
in chemistry (home support for achievement 
in chemistry and encouragement to continue 
with chemistry studies);

•  More likely to take part in extra-curricular 
science activities;

•  More likely to say they are exposed to teaching 
with hands-on activities;

•  More likely to say they are exposed to teaching 
that shows the application of science;

•  More likely to say they are exposed to 
teaching that has interaction, debate, and/or 
discussion;

•  More likely to say their teacher encouraged 
them to study chemistry after GCSEs;

• Higher interest/enjoyment in chemistry;

• Higher perceived value of chemistry;

• Higher personal value of chemistry;

• More competitive in their learning;

•  Higher self-confidence in their 
chemistry abilities;

•  More confident they could do well at 
GCSE science;

•  More confident they could do well at 
chemistry A-Level.

Indicator (1-4 scales unless otherwise shown)
Low family 

science capital
High family 

science capital Difference

M SD M SD D Sig. (p)

Aspirations towards chemistry (overall) 1.65 .74 2.10 .90 .552 <.001

Aspirations towards chemistry: A-Level studying 1.70 .88 2.20 1.05 .521 <.001

Aspirations towards chemistry: university studying 1.56 .71 1.96 .91 .493 <.001

Aspirations towards chemistry: careers 1.69 .80 2.13 .95 .516 <.001

Aspirations towards science (overall) 1.94 .90 2.48 .98 .575 <.001

Aspirations towards science: A-Level studying 1.97 1.04 2.53 1.10 .522 <.001

Aspirations towards science: university studying 1.81 .92 2.33 1.06 .529 <.001

Aspirations towards science: careers 2.03 .99 2.57 1.03 .535 <.001

Family science capital/connection 1.70 .52 3.16 .45 2.987 <.001

Value of chemistry to society 2.54 .74 3.02 .60 .710 <.001

Home support for science/chemistry achievement 1.99 .69 2.80 .69 1.169 <.001

Extra-curricular engagement with science/chemistry 1.51 .57 1.97 .78 .698 <.001

Teaching/learning experiences: practical/experimental 2.05 .65 2.34 .73 .412 <.001

Teaching/learning experiences: relevance/applications 2.44 .86 2.85 .77 .491 <.001

Teaching/learning experiences: interaction/debate/discussion 2.49 .68 2.78 .65 .434 <.001

Encouragement to study science/chemistry: from teachers 2.04 .86 2.67 .85 .732 <.001

Interest in chemistry 2.36 .76 2.75 .73 .525 <.001

Personal value of chemistry 1.95 .70 2.38 .78 .584 <.001

'I want to be one of the best students in my class' 2.84 .84 3.18 .80 .416 <.001

Perceived utility of chemistry 2.33 .65 2.72 .69 .582 <.001

Self-confidence in chemistry 2.01 .65 2.39 .70 .577 <.001

Grades: Expected GCSE science/chemistry grade (0-9) 4.41 1.76 5.13 1.76 .407 <.001

Grades: Expected grade if A-Level chemistry were to be taken (1-7) 3.58 1.69 4.24 1.62 .399 <.001

Table 12-2: 
Students’ 
responses 
at Year 11 by 
family science 
context/capital 
at Year 11

s

Notes: Results from both cohorts combined. The table shows the mean (‘M’; the average) and standard deviation (‘SD’; the extent of dispersion around the 
mean), together with the magnitude (‘D’; Cohen’s D) and significance (‘Sig. (p)’; p-values) of the differences across groups. Family science context/capital reflects 
students agreeing/disagreeing that someone in the family has a science-related job, a science-related qualification, and/or likes to talk about scientific facts, 
theories, or news items and how these relate to our lives. Low family science capital reflected average disagreement (less than 2.5 on the 1-4 scale); high family 
science capital reflected average agreement (equal or greater than 2.5 on the 1-4 scale). Current and GCSE grades are shown on a 0-9 scale (0=U, 1=1, 2=2, 3=3, 
4=4, 5=5, 6=6, 7=7, 8=8, 9=9); expected A-Level grades are shown on a 1-7 scale (1=U, 2=E, 3=D, 4=C, 5=B, 6=A, 7=A*).
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ES Socio-economic status and students’ perceptions and 
attitudes towards chemistry
The predictive modelling indicated that students from less 
advantaged socio-economic backgrounds were predicted 
to report lower chemistry and science aspirations than 
other students. Further analysis was applied to consider 
whether students from less advantaged backgrounds 
differed from those from more advantaged backgrounds 
in other ways (Table 12-3). At Year 11, students from family 
backgrounds with more advantaged socio-economic 
circumstances were not only more likely to report higher 
chemistry aspirations, but also higher levels of perceived 
value, interest/enjoyment, more engagement with extra-
curricular science activities, positive perceptions of 
science teaching, and more positive self-confidence in 
their abilities. Students from more advantaged socio-
economic backgrounds were statistically significantly 
more likely to have or exhibit the following (Table 12-3):

•  More positive overall aspirations towards 
chemistry (across A-Level studying, university 
studying, and careers);

•  More positive specific aspirations towards 
studying A-Level chemistry;

•  More positive specific aspirations towards 
studying chemistry at university;

•  More positive specific aspirations towards a 
career in chemistry;

•  More positive overall aspirations towards science 
(across A-Level studying, university studying, 
and careers);

•  More positive specific aspirations towards 
studying A-Level science;

•  More positive specific aspirations towards 
studying science at university;

•  More positive specific aspirations towards a 
career in science;

•  More positive home learning environments 
(home support for achievement in chemistry 
and encouragement to study chemistry post-16);

•  More likely to take part in extra-curricular 
science activities;

•  More likely to say they experience teaching 
that has hands-on activities;

•  More likely to say they experience teaching 
that shows the application of science;

•  More likely to say they are exposed to teaching 
that has interaction;

•  More likely to say their teacher encouraged 
them to study chemistry post-16;

• Higher interest/enjoyment in chemistry;
• Higher perceived value of chemistry;
• Higher personal value of chemistry;
• Greater competitiveness in their learning;
•  Higher self-confidence in their 

chemistry abilities;
•  More confident they could do well at 

GCSE science;
•  More confident they could do well at 

chemistry A-Level.
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Social inequalities such as socio-economic 
circumstances, gender, family science capital/context, 
and home learning environments can facilitate or limit 
students’ aspirations. Nevertheless, intersectionality 
implies that different students have different experiences 
and challenges, and some students nevertheless 
aspire towards science/chemistry. Further analysis 
specifically focused on girls with aspirations to study 
A-Level chemistry, and found that they formed a distinct 
group who had similar attitudes and perceptions 
towards chemistry they formed a distinct group who 
had attitudes and perceptions towards chemistry that 
were similar to those of high-aspiring boys. They also 
expressed more positive responses, and also expressed 
more positive responses than boys (and girls) who did 
not aspire to study A-Level chemistry (Table 12-4 and 
Table 12-5). However, there was one key difference: 
high-aspiring girls still expressed lower self-confidence 
in their own abilities (compared to high-aspiring boys), 
despite their similar other attitudes and perceptions 
surrounding chemistry.

Both high-aspiring boys and girls were equally likely to 
report that (Table 12-4 and Table 12-5):

•  They were exposed to teaching that enabled 
them to take part in interaction and debate;

•  They were exposed to teaching that enabled 
them to take part in investigations;
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12.1.1. Case studies of students
At Year 11, differences in aspirations between the most 
disadvantaged students and the most advantaged 
students were explained by differences in the students’ 
various views. Students who were from socio-
economically disadvantaged backgrounds expressed 
the lowest aspirations in chemistry (when controlling 
for gender, socio-economic status, and the percentage 
of students in their school with English as a second or 
additional language). However, the magnitude of social 
disadvantage was reduced at Year 11 when we controlled 
for engagement in extra-curricular science activities. We 
found similar types of effects for science outcomes. The 
most interesting point is that the influence of socio-
economic disadvantage was eliminated between the 
most disadvantaged group and the most advantaged 
group for all four chemistry outcomes (although there 
were still some differences between some of the other 
categories of disadvantage). The qualitative analysis 
further explores why and/or how students’ views link 
with their aspirations, and especially considers how 
the Chemistry for All programme may have supported 
students and their aspirations and attitudes.

The qualitative findings indicate that although some 
students from less advantaged socio-economic 
backgrounds were not sure about continuing with 
science or chemistry at the start of the study, by Year 11 
some students had developed stronger chemistry (and 
science) identities, where the impact of the Chemistry 
for All programme played a large part, and some had 
indeed chosen to take chemistry A-Level. Four case 
studies of students, who represent under-represented 
groups in chemistry (female, ethnic minority, low socio-
economic status), help to explore and illustrate these 
areas. These cases also help illustrate how factors 
highlighted through the quantitative analysis (such as 
extra-curricular engagement, perceived utility/extrinsic 
motivation, interest/enjoyment, and self-confidence) 
relate to students’ aspirations.

Four case study students who are from each of the 
three under-represented groups: disadvantaged 
socio-economic circumstances, female, and ethnic 
minority

Despite the challenges around social inequalities, 
some girls from less advantaged socio-economic 
and/or ethnic minority backgrounds decided on 
remaining in chemistry after their GCSEs, and aspects 
of support could be attributable to the Chemistry 
for All programme. Here we discuss four case study 
students from various under-represented groups (less 
advantaged socio-economic circumstances, female, and 
from ethnic minority backgrounds) and also highlight 
case studies of their peers who are from advantaged 
socio-economic backgrounds. These girls showed high 
motivation towards achievement in general (and/or 
competitiveness), conveyed high general aspirations, 
and, in particular, enjoyed chemistry. The Chemistry for 
All programme helped them align the idea of their future 
selves with chemistry, particularly when the benefits 

of non-compulsory science/chemistry qualifications 
were conveyed by the programme. Below are brief 
pen portraits of these girls who we discuss within our 
narrative to substantiate key points about what it is that 
helps keep students within the chemistry trajectory.

Tara, British female (mixed-race Black Caribbean and 
White heritage), strong chemistry identity, average socio-
economic circumstances, but high science capital

Tara has a very strong chemistry identity. She 
reports that she has natural ability in the subject; her 
perceptions of her natural ability are what drives her 
to continue with non-compulsory chemistry studies. 
She has a high personal value and perceived utility 
value of chemistry. She is a high-ability student from 
a mixed-race background and her parents are semi-
skilled professionals. She is from a low science capital 
background although has an older sibling who has 
become a nurse and a father who encourages her to 
continue with chemistry. She wants a career either in 
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ES Priya is from a middle-class family; her parents are 
professionals, and typically, for students of Indian 
heritage, there is an emphasis from the family on 
entering the medical profession. She does not have a 
high personal value of chemistry although does have a 
high extrinsic/utility value of chemistry. She is of average 
ability, plans to continue with chemistry because her 
mother has told her to do medicine. 

She likes practical work but is more interested in 
biology and does not see herself as being a chemist. 
Nevertheless, she says the Chemistry for All programme 
reinforced the idea that she should continue with 
chemistry. Unlike other students, she does not feel 
that the Chemistry for All programme helped her gain 
more knowledge about the careers and courses that are 
available with a post-16 chemistry qualification, but she 
did say that chemistry is now “much more enjoyable”.

Adam, migrant male (now naturalised British of Muslim 
heritage), weak chemistry identity, high socio-economic 
circumstances, high family science capital

Despite being a high-ability student, Adam has a 
weak chemistry identity, reports finding it difficult and 
complicated, and does not like chemistry. Nevertheless, 
he finds mathematics easy, despite the two subjects 
being somewhat interlinked. He talks about requiring a 
mathematics qualification to be an architect, but says 
that he has no need for chemistry. Despite having high 
family science capital, he is nevertheless less connected 
with chemistry. His identity appears to be strongly 
focused towards mathematics, a subject he enjoys. He 
recognised positive points about the Chemistry for All 
programme, but he said that these were not enough to 
turn him away from his chosen career.

Mark, British White male, strong chemistry identity, 
advantaged socio-economic circumstances, and high 
science capital

Mark is from a more socio-economically advantaged family 
and has high ability in chemistry. He has a supportive 
network around him, where he discusses his choices 
with his family and teachers. He aspires to continue with 
chemistry because he enjoys it,  high ntien-GB,  hig7215 (a9424318 >>BDC 
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questionnaire responses revealed that perceived 
utility value was the single most important predictor of 
students’ overall aspirations towards chemistry (across 
A-Level and university studying, and towards careers) 
and for the pursuit of any one of these specific pathways. 
The path analysis further highlighted that students 
who received the Chemistry for All programme were 
predicted to express higher perceived utility value of 
chemistry than comparison students, when accounting 
for their personal characteristics, circumstances, and 
other views. The interviews allowed a more open-ended 
exploration of students’ views about chemistry, and 
illustrate and clarify: the importance of students having 
awareness about careers and courses available with 
a post-16 qualification, how this awareness (extrinsic 
motivation) fits in with other important chemistry 
attitudes and social disadvantage, and what role the 
Chemistry for All programme played in developing 
students’ chemistry aspirations. The analysis of the 
interview narratives found that, by the end of the 
Chemistry for All programme, there was a firm and 
clear link between choosing A-Level chemistry and 
recognising that chemistry qualifications can provide 
opportunities later in life. 

Chemistry as a ‘door opener’ underpins constructions 
of chemistry qualifications as having distinct and clear 
available opportunities, which are unique to chemistry 
and/or the sciences in general. Maryam had indicated 
that she chose to continue with chemistry because:

“It’s really relevant to what I want to do at university. You 
need those subjects to get into the course I want to do, 
and I just find them really interesting, as well.”

Almost all interviewees were aware that undertaking 
a post-16 chemistry qualification would be of benefit. 
Those who had attended Chemistry for All events that 
specifically provided information about careers were 
able to become more enthused about chemistry and 
make more informed decisions:

“It [the Chemistry for All programme] introduced many 
apprenticeship options, all of the di�erent university 
courses, so it did really open that up … with the 
programme we were taught about apprenticeships, and 
I hadn’t really considered that before but it, obviously, 
made me realise that it is a good option.” (Maryam)

“Well, I understood there’s a lot more you can do with 
science than just medicine, like there’s way more fields 
that it applies to. Like forensics … it made me interested 
in a lot of fields, like the way they applied chemistry, a lot 
of things. I suppose it did make me in a sense want to take 
it in university at the time.”

Arooj chemistry student, British Muslim female of Sri 
Lankan heritage, disadvantaged socio-economic 
circumstances, low family science capital

Recognising the links between enhanced future 
opportunities and chemistry qualifications emerged as 
students progressed through secondary school:

“There are a couple of times when I changed my mind in 
career decisions halfway through Year 12. Because, in the 
beginning, I was wanting to do medicine and then I think 
I changed to wildlife conservation. Even with those sorts 
of backgrounds, I think chemistry is still something I will 
use. Because I have to know about content to be able to 
translate for people in areas of the medical field and stu�.”

Aliyah, chemistry student, ethnic minority female, average 
socio-economic circumstances, low family science capital

During GCSE studies (Year 10 and Year 11), students 
were directly asked whether there had been any impact 
of the Chemistry for All programme on their knowledge 
about careers and courses that might be facilitated by 
a post-16 chemistry qualification. It became apparent 
that the programme indeed played a key role in helping 
to create these connections. The examples here of 
chemistry as a ‘door opener’, from a range of students 
from disadvantaged backgrounds, help demonstrate 
the efficacy of the Chemistry for All programme in 
enabling a shared understanding about the benefits of 
a post-16 chemistry qualification. Positively reaching 
and supporting less advantaged students appeared to 
help students to align their future selves with chemistry, 
which might not have been otherwise possible. Students 
were also asked if the Chemistry for All programme had 
an impact on how they saw themselves in the future and 
whether this involved chemistry:

“I would love to do some sort of research job, hopefully 
making a new medicine, or a doctor, and have a research 
project as well … Just learning where you go to from school 
and what you can achieve has really pushed me to take 
chemistry in particular because it’s just something that’s so 
broad. I keep saying it because it’s going to anything that 
you want to really with chemistry. That is something I have 
been looking into as well.” (Tara) 

Many students were able to appreciate the value of 
having a post-16 chemistry qualification. The Chemistry 
for All programme appeared to be effective in supporting 
this by providing targeted talks and assemblies on the 
different routes students could take to pursue a post-
16 qualification and which qualifications could lead to 
different types of careers:

“It [the Chemistry for All programme] showed me that 
there is a much wider range beyond the 16 level and that 
university can be very exciting indeed.” (Mark)

Additionally, trips to outside organisations, chemistry 
after-school clubs, and demonstrations and experiments 
provided as part of the Chemistry for All programme 
helped to create connections between students’ 
identities and chemistry. For example, the Chemistry for 
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internalise the problems she was having – the problem, 
she concluded, was her and her lack of natural ability to 
understand the work without hard work. On the other 
hand, the boys with trajectories towards chemistry often 
aligned themselves with the notion that chemistry is 
hard for everyone but with persistent hard work they 
would be able to do well in it; boys did not appear to 
internalise issues around difficulty so often, or they self-
identified with the notion of having a natural aptitude:

“I think, in general, it’s not easy, but fairly straightforward. 
There are some concepts that are hard to grasp, but 
it’s not extremely hard to the point where it’s stressing 
me out and I don’t know what to do about it. It’s one of 
those subjects where I take my time doing. I think I can 
definitely reach my target grade, but if I work even harder, 
I can get better than that. This year I have been working 
consistently around B grades and A grades. Next year I 
could definitely do that well if I – maybe even better … 
if I continue doing chemistry over the next year and a 
half and I manage to do well in it, I think I should take a 
career in it.” (A chemistry student, British Muslim male of 
Pakistani heritage)
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ES a subject very interesting. They’re some of my favourite 
subjects, which is why I decided to keep them on A-Level … 
Yes. I enjoy learning about the content side of it, and then 
realizing that at practicals. And also, just generally, I think 
it’s really interesting to be able to have an understanding 
of the physical phenomena around you and seeing how 
those ideas can be used in industry, I think is something 
that is really interesting to me … the science as a whole 
is kind of I want to go into and I’m kind of quite involved 
with – chemistry is one of the subjects in sciences I’m 
most interested in.” (John)

“I love science as a whole because you find out lots of new 
things and you can just learn about everything that you 
could. And chemistry, I really greatly enjoy because you 
can have rules for certain things and it can apply to so 
much that you can have a set of rules and just apply it to 
a lot of things, and I really like that.” (Tara)

Students who had the ability to continue with chemistry 
but who did not enjoy it or lacked any personal value 
of chemistry were less likely to continue with it once it 
was no longer compulsory. For Adam, this was the case 
even though he said positive things about the benefits 
of a post-16 qualification that he learnt about from the 
Chemistry for All programme:

“Yeah. You can get, like, you have more job opportunities.”

He was still quite clear that chemistry was not for him:

“I just find it kind of boring.” 

What was apparent from these interviews is that students 
who appeared to enjoy chemistry, had a personal 
value of chemistry, and opted to study it further also 
came from backgrounds with positive home learning 
environments and/or family science capital:

“Yes, my dad, he wants it [the student to study chemistry]. 
If he could do his time over again, he would try so much 
harder in chemistry and physics because he like those 
two subjects in particular. So, yeah, he encourages me 
along to try my best.” (Tara)

Another student, Lisa, had an older sister who was also 
supported and encouraged by their father to continue 
with chemistry and the sciences. Lisa’s older sister had 
continued in the sciences and, in turn, supported her. 
Access to work experience provided by her sister had 
enabled Lisa to picture herself as a chemist, enhance 
her personal value of chemistry, and helped to align a 
positive identity with chemistry:

“Hopefully – I would love to do some sort of research job, 
hopefully making a new medicine, or a doctor, and have a 
research project as well. That is something I have been looking 
into as well … [these ideas came about because] my sister 
actually brought me to the hospital. I got to hang around with 
her for a few days, but it was really interesting. And she’s doing 
a research project currently because she does love science 
and she didn’t want to give it up. So, I think, the hospital have 
funded a research project for the senior doctors and she’s part 
of the team have that. I have got to come in and have a look 
and be around that for a few days … I could [be a chemist], I 
do love chemistry and yes, I could [be a chemist].”

The Chemistry for All programme played a crucial part 
in building on the interest of students. Although Lisa 
had support from her family in being made aware about 
the careers available with a post-16 qualification, and 
a general interest in chemistry, the Chemistry for All 
programme helped to support this decision further:

“This programme just really helped me to build on the 
interest [in chemistry] and then learn and then hopefully 
learn more … when we did the programme, it went along 
with these that we were learning about in school, and 
because of that, we had a basic understanding already, 
and then it just built on that and obviously it was really 
interesting … Meeting the students (involved in the 
Chemistry for All activity provisions) and knowing what 
courses they have been doing has really widened the 
amount of courses I thought there was.”

For other students, encouragement from teachers also 
helped to boost their engagement with chemistry:

“Well, I had a very good teacher … and she was very 
enthusiastic and also the lessons were always quite 
exciting, practical sometimes, sometimes theory, and it 
was just generally very engaging.” (Mark)

Fatimah’s aspirations to do triple science and to continue 
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It is quite clear from Fatimah that despite being from a 
single-parent family and being of ethnic minority status, 
she has high aspirations which appear to be linked to 
the copious amounts of support she is getting from her 
mother, her teacher and the Chemistry for All activities. 
Being a part of the Chemistry for All activities has helped 
with developing a chemistry identity, and continuing 
with chemistry has naturally become the expected path 
for her, both from her own expectations of herself and 
from those around her:

“It [the Chemistry for All programme] made me more 
interested, like I enjoyed doing the experiment, the more 
practical side of chemistry.”

Many bright girls internalised issues around feeling that 
they were not good enough to continue with chemistry 
or that they felt that they were presently unable to do 
well in chemistry because of their own (perceived lack 
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outside what the standard like specification was for our 
grades and that helped in the exams because it was a 
slightly more novel context.”

For Mark, the Chemistry for All programme also had a 
positive impact on his personal value of chemistry:

“It’s [the Chemistry for All programme] shown me that 
it can be much more exciting than the textbooks make 
out, yes.”

The Chemistry for All programme also had a positive 
impact on helping Mark realise what options were 
available to him with a post-16 chemistry qualification:

“I would say it has, yes, there’s a variety of jobs that I’m 
aware of now which I wasn’t before in the programme 
and I may well pursue those in the future, yes … Well, 
definitely helped with my GCSE grades because it was, 
it had a deeper understanding of the sciences and so 
then I got good grades so I was wanting to progress 
towards the scientific areas so it made a di�erence in 
that respect, yes.” 

Whilst these positive associations between the 
Chemistry for All programme and students’ perceptions 
and identification with chemistry could lead to a choice 
to continue with chemistry, positive experiences did 
not necessarily entail positive chemistry aspirations 
for all students. For example, Priya had a less positive 
chemistry identity, despite coming from a family in 
advantaged socio-economic circumstances. Her family 
background did not, however, include having high 
science capital.

12.6.  Chemistry for All shows the 
relevance of chemistry to everyday 
life through teaching about the 
wider applications of science and 
the impact on students’ value of 
science to society

One important task that the Chemistry for All programme 
was able to do that schools were not able to do as well 
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ES Year 11 multi-variate analysis: Value of science 
to society

With these relationships outlined within the qualitative 
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Students within schools that received the Chemistry 
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learning involved memorisation/remembering.

These findings help affirm and extend prior research, 
which has similarly highlighted that students have often 
appreciated experimental/practical work (Hamlyn, et al., 
2020; Hamlyn, Matthews, & Shanahan, 2017; National 
Foundation for Educational Research, 2011). For 
example, prior research has highlighted that secondary 
school students (and their teachers) suggested that, 
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Many aspects of life, such as extra-curricular 
engagement, associate with students’ personal 
attitudes and beliefs related to science/chemistry, 
which then associate with their aspirations. Because 
of the potential for indirect associations, many 
aspects of life may be more important than they might 
initially appear. These findings also suggest how some 
Chemistry for All programme benefits might reach 
students. Various extra-curricular activities, experiences 
of teaching/learning, and other aspects of life associate 
with students’ attitudes and beliefs, which associate 
with their studying and career aspirations. Programme 
activities/events may be experienced positively and/or 
foster students’ perceived utility of chemistry through 
greater awareness of the benefits of science/chemistry 
studying and careers, which may then associate with 
studying and career aspirations.

The students’ perceived utility value of chemistry 
and personal value of chemistry were important 
independent predictors of students’ aspirations for 
studying and careers in science/chemistry. Perceived 
utility value considers science/chemistry being valued 
as inherently supporting particular careers (such as 
agreeing that ‘Making an effort in science/chemistry is 
worth it because it will help me in the work that I want 
to do later on’ and/or ‘I think science/chemistry will help 
me in the job I want to do in the future’). Perceived utility 
value of science and also interest in science/chemistry 
have often associated with students’ aspirations 
towards science-related studying and careers (Bøe & 
Henriksen, 2015; Mujtaba & Reiss, 2014; Regan & DeWitt, 
2015; Sheldrake, 2016). Students have often recognised 
that chemistry can be necessary or helpful for further 
careers, especially in medicine, health, and pharmacy 
(Springate, Harland, Lord, & Wilkin, 2008). Personal 
value considers science as a valued and inherent aspect 
of someone’s identity (such as agreeing that ‘Science/
chemistry is important to me personally’ and/or 
‘Thinking scientifically is an important part of who I am’). 
Personal value is an important aspect of motivational 
theories (Eccles, 2009), and has been found to positively 
associate with students’ aspirations towards science-
related studies and careers (Sheldrake, 2016).

Predictive modelling

Further cross-sectional analysis between Year 8 and Year 
11 revealed numerous insights.

•  Cross-sectional analysis indicated that 
students with increasing perceived utility value 
of science/chemistry (including increasingly 
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was even more prominent across students 
with different levels of socio-economic 
circumstances and family science capital.

•  Social inequalities linked with differences in 
aspirations, as well as differences in perceived 
experiences of chemistry/science education. 
Some students may be more prepared and 
supported to appreciate and learn about 
sciences within school, given home learning 
environments that may broadly support and/
or encourage learning for science/chemistry.

•  Students from family backgrounds with higher 
science capital expressed higher science/
chemistry aspirations, perceived utility of 
science/chemistry, self-confidence beliefs, 
and other attitudes, as well as more positive 
perceptions of science teaching, and were more 
likely to engage in extra-curricular activities. 

•  Students from family backgrounds with more 
advantaged socio-economic circumstances 
expressed higher science/chemistry 
aspirations, perceived utility of science/
chemistry, self-confidence beliefs, interest/
enjoyment, and other science attitudes, as 
well as more positive perceptions of science 
teaching, and were more likely to engage in 
extra-curricular science activities.

Chemistry as a ‘door-opener’ discourse 

One theme that was prevalent from the students’ 
interview narratives was recognition of the use and 
utility of chemistry qualifications (as facilitating careers, 
jobs, and future opportunities in general), essentially 
with chemistry qualifications being a potential 
‘door opener’.

•  Students from under-represented groups 
(such as girls, those from ethnic minority 
backgrounds, and/or those with less 
advantaged socio-economic circumstances) 
who had attended Chemistry for All events 
specifically covering the topic of careers, were 
able to become more enthused about non-
compulsory chemistry courses and make 
more informed decisions about continuing 
with chemistry.

•  The Chemistry for All programme helped 
students, especially those from under-
represented groups, to become aware of and 
understand the connections between non-
compulsory chemistry qualifications and 
the careers and courses that subsequently 
become available.

•  The Chemistry for All programme was able 
to support girls, those from ethnic minority 
backgrounds, and/or those with less 
advantaged socio-economic circumstances to 
align their future selves with chemistry.

•  The quantitative results revealed that perceived 
utility value (science/chemistry being useful 
and valued for facilitating careers, jobs, and 
future opportunities in general) followed by 
personal value of chemistry (chemistry being a 
valued and inherent aspect of identity) were the 
strongest predictors of students’ aspirations. 
The qualitative results indicated that the two 
measures could intersect, and with implications 
to students’ wider trajectories. Specifically, if 
students could not easily consider chemistry 
to be an inherent aspect of their identity, but 
recognised the utility of chemistry, they could 
consider chemistry A-Level as an avenue 
towards other professions such as medicine 
rather than chemistry. Holding a personal 
value of chemistry may be especially important 
to continue within chemistry.

Natural ability and non-compulsory choices 

Another prevalent theme from the students’ interview 
narratives involved ‘natural talent and/or cleverness’: 
only students who were perceived to be naturally good at 
chemistry with little effort were perceived to be the ones 
who could legitimately remain within chemistry. These 
beliefs could help to reinforce some students’ decisions 
to remain in non-compulsory chemistry education, 
especially those from families with supportive home-
learning environments for science, with higher levels of 
family science capital, and/or more advantaged socio-
economic circumstances. However, the perceptions 
and discourse around ‘natural ability’ could discourage 
some other students from chemistry.

•  There was a gender-specific construction 
among young women where chemistry was 
associated with requiring hard work and/or 
requiring natural ability, which could lead to 
some young women deciding not to study non-
compulsory chemistry. Essentially, attaining 
a positive chemistry identity could be difficult 
for young women if they continued to compare 
themselves with the notion of being successful 
in chemistry as meaning being ‘naturally clever’.

•  Some young women internalised problems 
with their chemistry learning, linking increasing 
difficulties and lower confidence with feeling 
that chemistry required natural ability. Some 
young men externalised any problems, where 
increasing difficulties did not necessarily reflect 
anything about themselves (and/or through 
identifying with the notion that they held a 
natural aptitude) and that matters could still be 
achievable with persistence, which could help 
protect their chemistry identities.

•  Some young women (from other under-
represented backgrounds) were able to align 
their future selves with chemistry, because 
of the Chemistry for All programme. Various 
inspirational and enjoyable experiences 
were cited, together with their increasing 
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not at fault if they do not choose science/chemistry 
studying or career avenues. The underlying issue 
may involve providing and maintaining support so 
that science/chemistry studying and careers can be 
consistently considered to be feasible and achievable, 
while removing any avoidable barriers so that free 
and informed choices can be made. From a wider 
perspective, much attention has focused on increasing 
the numbers of students studying science-related 
subjects, so that they could then follow science-
related careers (Royal Society of Chemistry, 2014; Royal 
Society, 2014). Concurrently, the fields of education 
and science could also change 
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natural ability
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increase chemistry participation in a number of ways.

Government, awarding bodies, professional organisations, 



References

CHEMISTRY FOR ALL 
REDUCING INEQUALITIES IN CHEMISTRY ASPIRATIONS AND ATTITUDES

14

163



164

14
. R

EF
ER

EN
CE

S 14. References
Abrahams, I., & Reiss, M. (2012). Practical Work: Its 



165

Bøe, M., Henriksen, E. K., Lyons, T., & Schreiner, C. (2011). 
Participation in science and technology: young people’s 
achievement-related choices in late-modern societies. 
Studies in Science Education, 47(1), 37-72. doi:10.1080/0
3057267.2011.549621

Bong, M., & Skaalvik, E. (2003). Academic Self-
Concept and Self-Efficacy: How Different Are They 
Really? Educational Psychology Review, 15(1), 1-40. 
doi:10.1023/A:1021302408382

Bonnette, R., Crowley, K., & Schunn, C. (2019). Falling in 
love and staying in love with science: ongoing informal 
science experiences support fascination for all children. 
International Journal of Science Education, 41(12), 1626-
1643. doi:10.1080/09500693.2019.1623431

British Academy. (2015). Count us in: Quantitative skills 
for a new generation. London: British Academy.

Broman, K., & Parchmann, I. (2014). Students’ application 
of chemical concepts when solving chemistry problems 
in different contexts. Chemistry Education Research and 
Practice, 15(4), 516-529. doi:10.1039/C4RP00051J

Broman, K., Ekborg, M., & Johnels, D. (2011). Chemistry in 
crisis? Perspectives on teaching and learning chemistry 
in Swedish upper secondary schools. Nordic Studies in 
Science Education, 7(1), 43-60.

Buschor, C. B., Berweger, S., Frei, A. K., & Kappler, C. 
(2014). Majoring in STEM—What Accounts for Women’s 
Career Decision Making? A Mixed Methods Study. The 
Journal of Educational Research, 107(3), 167-176. doi:10.
1080/00220671.2013.788989

Calabrese Barton, A., Kang, H., Tan, E., O’Neill, T., 
Bautista-Guerra, J., & Brecklin, C. (2013). Crafting a Future 
in Science: Tracing Middle School Girls’ Identity Work 
Over Time and Space. American Educational Research 
Journal, 50(1), 37-75. doi:10.3102/0002831212458142

Carlone, H., & Johnson, A. (2007). Understanding the 
Science Experiences of Successful Women of Color: 
Science Identity as an Analytic Lens. Journal of Research 
in Science Teaching, 44(8), 1187-1218. doi:10.1002/
tea.20237

Castell, S., Charlton, A., Clemence, M., Pettigrew, N., 
Pope, S., Quigley, A., . . . Silman, T. (2014). Public Attitudes 
to Science 2014



166

14
. R

EF
ER

EN
CE

S Eccles, J., Wigfield, A., Harold, R., & Blumenfeld, P. 
(1993). Age and Gender Differences in Children’s 
Self- and Task Perceptions during Elementary 
School. Child Development, 64(3), 830-847. 
doi:10.1111/j.1467-8624.1993.tb02946.x

Elias, P., Jones, P., & McWhinnie, S. (2006). Representation 
of Ethnic Groups in Chemistry and Physics. London: The 
Royal Society of Chemistry and the Institute of Physics.

EngineeringUK. (2018). Engineering UK 2018: The state of 
engineering. London: EngineeringUK.

Erduran, S., & Jiménez-Aleixandre, M. P. (Eds.). (2007). 
Argumentation in Science Education: Perspectives 
from Classroom-Based Research. Dordrecht/London: 
Springer. doi:10.1007/978-1-4020-6670-2

Fredricks, J., & Eccles, J. (2002). Children’s competence 
and value beliefs from childhood through adolescence: 
Growth trajectories in two male-sex-typed domains. 
Developmental Psychology, 38(4), 519-533. 
doi:10.1037/0012-1649.38.4.519

Fredricks, J., Blumenfeld, P., & Paris, A. (2004). School 
Engagement: Potential of the Concept, State of the 
Evidence. Review of Educational Research, 74(1), 59-109. 
doi:10.3102/00346543074001059

Furtak, E. M., Seidel, T., Iverson, H., & Briggs, D. (2012). 
Experimental and Quasi-Experimental Studies of 
Inquiry-Based Science Teaching: A Meta-Analysis. 
Review of Educational Research, 82(3), 300-329. 
doi:10.3102/0034654312457206

Gatsby. (2018). Key Indicators in STEM Education. London: 
The Gatsby Charitable Foundation.

Gatsby Charitable Foundation. (2017). Good Practical 
Science. London: Gatsby Charitable Foundation.

Godec, S., King, H., & Archer, L. (2017). The Science 
Capital Teaching Approach: engaging students with 
science, promoting social justice. London: University 
College London.

Hamlyn, B., Hanson, T., Malam, S., Man, C., Smith, K., 
& Williams, L. (2020). Young people’s views on science 
education: Science Education Tracker 2019: Wave 2. 
London: Wellcome Trust.

Hamlyn, R., Matthews, P., & Shanahan, M. (2017). Young 
people’s views on science education: Science Education 
Tracker Research Report February 2017. London: 
Wellcome Trust.

Harackiewicz, J., Rozek, C., Hulleman, C., & Hyde, J. 
(2012). Helping Parents to Motivate Adolescents in 
Mathematics and Science: An Experimental Test of a 
Utility-Value Intervention. Psychological Science, 23(8), 
898-906. doi:10.1177/0956797611435530

Hodson, D. (1993). Re-thinking Old Ways: Towards A 
More Critical Approach To Practical Work In School 
Science. Studies in Science Education, 22(1), 85-142. 
doi:10.1080/03057269308560022



167

Institute of Physics, Royal Astronomical Society, & Royal 
Society of Chemistry. (2019). Exploring the workplace 
for LGBT+ physical scientists. London: Institute of 
Physics, Royal Astronomical Society, & Royal Society 
of Chemistry.

Jacobs, J., Lanza, S., Osgood, D. W., Eccles, J., & Wigfield, 
A. (2002). Changes in Children’s Self-Competence and 
Values: Gender and Domain Differences across Grades 
One through Twelve. Child Development, 73(2), 509-527. 
doi:10.1111/1467-8624.00421

Jenkins, E., & Nelson, N. (2005). Important but not for me: 
students’ attitudes towards secondary school science 
in England. Research in Science and Technological 
Education, 23(1), 41-57. doi:10.1080/02635140500068435

Lord, P., Straw, S., Hart, R., Springate, I., & Harland, J. 
(2009). Evaluation of Chemistry for our Future: Extension 



168

14
. R

EF
ER

EN
CE

S Ogunde, J., Overton, T., Thompson, C., Mewis, R., & 
Boniface, S. (2017). Beyond graduation: motivations and 
career aspirations of undergraduate chemistry students. 
Chemistry Education Research and Practice, 18(3), 457-
471. doi:10.1039/c6rp00248j

Oliver, M., Woods-McConney, A., Maor, D., & McConney, 
A. (2017). Female senior secondary physics students’ 
engagement in science: a qualitative study of 
constructive influences. International Journal of STEM 
Education, 4(4), 1-15. doi:10.1186/s40594-017-0060-9

Potvin, P., & Hasni, A. (2014). Analysis of the Decline in 
Interest Towards School Science and Technology from 
Grades 5 Through 11. Journal of Science Education and 
Technology, 23(6), 784-802. doi:10.1007/s10956-014-
9512-x

Rahman, M. T., & Lewis, S. (2019). Evaluating the evidence 
base for evidence-based instructional practices in 
chemistry through meta-analysis. Journal of Research in 
Science Teaching, 1-29. doi:10.1002/tea.21610

Regan, E., & Childs, P. (2003). An investigation of Irish 
students’ attitudes to chemistry: the promotion of 
chemistry in schools project. Chemistry Education 
Research and Practice, 4(1), 45-53. doi:10.1039/
B2RP90036J

Regan, E., & DeWitt, J. (2015). Attitudes, Interest and Factors 
Influencing STEM Enrolment Behaviour: An Overview 
of Relevant Literature. In E. K. Henriksen, J. Dillon, & J. 
Ryder (Eds.), Understanding Student Participation and 
Choice in Science and Technology Education (pp. 63-88). 
Dordrecht: Springer. doi:10.1007/978-94-007-7793-4_5



169

Springate, I., Harland, J., Lord, P., & Wilkin, A. (2008). 
Why choose physics and chemistry? The influences on 
physics and chemistry subject choices of BME students. 
London: The Institute of Physics and the Royal Society 
of Chemistry.

Straw, S., & Macleod, S. (2015). Evaluation of STEMNET’s 
operations and impacts 2011-2015: Summary report. 
Slough: National Foundation for Educational Research.

Tan, E., Calabrese Barton, A., Kang, H., & O’Neill, T. 
(2013). Desiring a career in STEM-related fields: How 
middle school girls articulate and negotiate identities-
in-practice in science. Journal of Research in Science 
Teaching, 50(10), 1143-1179. doi:10.1002/tea.21123

TNS BMRB. (2015). Public attitudes to chemistry: research 
report. London: Royal Society of Chemistry.

Tripney, J., Newman, M., Bangpan, M., Niza, C., 
MacKintosh, M., & Sinclair, J. (2010). Factors Influencing 
Young People (Aged 14-19) in Education about STEM 
Subject Choices: A systematic review of the UK literature. 
London: Wellcome Trust.

Turner, S., & Ireson, G. (2010). Fifteen pupils’ positive 
approach to primary school science: when does 
it decline? Educational Studies, 36(2), 119-141. 
doi:10.1080/03055690903148662

Upadyaya, K., & Salmela-Aro, K. (2013). Development 
of School Engagement in Association With Academic 
Success and Well-Being in Varying Social Contexts: A 
Review of Empirical Research. European Psychologist, 
18(2), 136-147. doi:10.1027/1016-9040/a000143

Vaino, K., Holbrook, J., & Rannikmäe, M. (2012). 
Stimulating students’ intrinsic motivation for learning 
chemistry through the use of context-based learning 

modules. Chemistry Education Research and Practice, 
13(4), 410-419. doi:10.1039/C2RP20045G

van den Hurk, A., Meelissen, M., & van Langen, A. (2019). 
Interventions in education to prevent STEM pipeline 
leakage. 



170

14
. R

EF
ER

EN
CE

S


