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Participation, performance, and outcomes in an undergraduate physics degree:

Perspectives on gender and socioeconomic factors

Rachel E. Harrington, Job H.J. Thijssen®, and Judy Hardy

SUPA School of Physics and Astronomy, The University of Edinburgh,
James Clerk Maxwell Building, Peter Guthrie Tait Road, Edinburgh EH9 3FD, United Kingdom

® (Received 12 February 2021; accepted 5 January 2022; published 23 February 2022)

The academic performance of undergraduate physics students at a research-intensive UK university were
studied to identify whether there were any significant differences between underrepresented and
overrepresented groups. Exit qualification, degree classification, average yearly marks, and course marks
were analyzed to determine statistically significant associations with gender or widening participation
status. Significant association was found between gender and the integrated masters qualification, with a
higher proportion of female students attaining a first class or second class (upper) classification. A
performance gap was identified between widening participation and non-widening participation students in
second year, but no significant association was found between widening participation status and exit
qualification or degree classification. In examining the intersection of gender and widening participation
status, no significant association was found between these groups and exit qualification. These results
contrast with previous studies, which suggest that the effects of underrepresentation adversely impact
academic performance. The reasons why this might be the case, with particular consideration of the context

of the sample studied, are discussed.
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I. INTRODUCTION

There is widespread recognition that underrepresented,
or marginalized, groups face barriers that can impact
their participation, retention, and achievement in univer-
sity science, technology, engineering, and mathematics
(STEM) education [1,2]. For example, there have been
calls for a coordinated national effort in the USA to increase
the proportion of underrepresented groups in STEM sub-
jects [3,4], and there are longstanding concerns over the
number of women studying science and entering into the
scientific workplace [5,6]. In the UK, underrepresentation
of women and young carers, young people with care
experience and individuals with a low socioeconomic
status (collectively termed widening participation (WP)
students) in university physics is well recognized.
Underrepresentation has been shown to have adverse
effects on individuals within underrepresented groups,
altering self-concept [7] and provoking feelings of self-
doubt and intellectual phoniness [8]. These effects per-
petuate a lack of participation in higher education and, for
those students who do attend, their academic performance
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is often impacted, resulting in performance gaps between
underrepresented and overrepresented groups [9,10].

Measurements of academic performance are therefore
often used to quantify the impact of underrepresentation.
Attainment metrics such as dropout, degree completion,
and degree classification are the most commonly used
across gender and widening participation studies [9,11].
Instruments designed to test students’ understanding of
specific physics concepts, and how their understanding
differs pre- and postinstruction [12], have also been used to
look at gender performance gaps in introductory physics
courses [10,13-16].

However, underrepresented groups are often considered
in isolation, thus omitting the intersectional identities of
many students. Furthermore, there has been relatively little
research into how performance gaps change throughout the
course of a degree program, and therefore to what extent
higher education is mitigating or exacerbating the effects
of underrepresentation. In gaining understanding as to
where interventions are most needed, institutions should
be better placed to support students to succeed, and
ultimately to reduce the magnitude of underrepresentation
by making higher education a more inclusive and welcom-
ing environment.

In this study we investigated the academic performance
of undergraduate students in the physics department of a
research-intensive UK university to identify whether there
were any significant differences between the performance
of underrepresented and overrepresented groups. The study
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focused on two underrepresented groups in UK HE:
widening participation and women physics students.

II. BACKGROUND

Higher education (HE) participation in the UK has
expanded dramatically over recent decades, increasing
by 1.3 million between 1960 and 2018 [17,18]. Despite
this, the enrolment of female and WP students (See Sec. VI
for definitions) into higher education physics has not
followed the same trajectory. In 1994, female students
constituted 50% of all UK undergraduates, but only 18% of
physics undergraduates [19]. By 2018, 56% of all UK
undergraduates were female, compared to 24% of physics
undergraduates [18].

The picture elsewhere is similar. In the USA, 21%
of students awarded a bachelor’s physics degree in 2018
were female, an increase of only 1 pp (percentage point)
since 2008 [5]. In comparison, 57% of all US students
awarded a bachelor’s degree in 2018 were female, a
percentage that has not changed over the previous decade
[5]. Across the EU, 20% of students studying for a
bachelor’s physics degree in 2018 were female [20]; again,
a percentage that has remained essentially static over the
previous 5 years.

The 6 pp increase of UK female physics undergraduates
over this 24 year period corresponds to an increase of 2332
students [18,19]. Considering those UK HE institutions that
offer a physics degree [21], on average this corresponds to
an increase 51 female students per university, or 2 addi-
tional female students per year. Furthermore, given that the
proportional increase of female physics undergraduates is
the same as for the overall undergraduate population, it
would suggest efforts thus far to specifically combat gender
imbalances in higher education physics have not been
successful.

HE participation has been rising for those from deprived
backgrounds, although to a lesser extent in research-
intensive institutions, with those from the highest socio-
economic quintile group still 7 times more likely to go to a
selective institution in the UK than those from the lowest
socioeconomic quintile group [22]. It is difficult to obtain
comparative data on the proportion of students who are
from WP backgrounds. In the UK, each nation (and, to
some extent, each higher education institution) uses a
slightly different definition of WP [23] and internationally
the situation is similar. One proxy measure is parental
qualification; surveys of Institute of Physics members
(mainly physics students and graduates in the UK and
Ireland) showed that in 2019, 7% of respondents’ parents
had no qualifications, compared to 11% in 2015 [25].

The lack of HE participation from underrepresented
individuals remains an area of concern. It has driven the
growth of research focused on understanding the adverse
effects of underrepresentation, and what that means
for students who do attend university. Because of the

embedded culture of underrepresentation in physics, neg-
ative stereotypes have (inadvertently) been attributed to
individuals from underrepresented groups. This may result
in stereotype threat in these individuals—a fear of con-
firming a negative stereotype about oneself when complet-
ing a task—that can lead to underperformance and lack of
confidence [26]. Underrepresented individuals are also
susceptible to imposter syndrome, or persistent thoughts
of intellectual phoniness, that may even cause people to
leave academia through fear of incompetence [27].
Studies have found that the higher education environment
influences the extent to which these effects impact an
individual and their self-concept (the beliefs they hold
about themselves). Recognition by peers and instructors
[28], having relevant role models in academic staff [29]
and discussing underrepresentation [30] have all been
found to strengthen an underrepresented individual’s
physics identity.

The effects of underrepresentation permeate various
aspects of a student’s higher education experience and
can adversely impact academic performance. Studies have
shown that higher dropout rates and lower degree classi-
fications are associated with low socioeconomic status
(SES) [31,32]. This difference in academic performance
has been partly explained by lower SES individuals bring-
ing less human capital (experience, skills, and quality of
education) to university [9]. Interestingly, when prior
attainment is accounted for by comparing students with
the same grades on entry, those from lower SES are less
likely to drop out, more likely to complete their degree and
obtain higher degree classifications [9,31,33]. Relatively
little research has been conducted looking beyond overall
attainment levels for WP students into their academic
performance and experiences throughout higher education.

Gender gaps have been identified in university students’
understanding of physics concepts. A 2013 study using the
Force Concept Inventory (FCI) [12] to compare gender
differences in conceptual understanding of Newtonian
mechanics before and after instruction across three UK
universities [14] found that male students significantly
outperformed their female peers both pre- and postinstruc-
tion, with the gap narrowing but not disappearing after
instruction. A study conducted at another UK university
found that significant gender gaps remain even after a three-
month absence of mechanics-related teaching [34].
Interestingly, in both of these studies, when comparing
the students’ end of course examination results, no sta-
tistically significant gender gaps were found. This finding
has been replicated in a study of U.S. college students
[10,13]. More recently, researchers examining gender gaps
across various conceptual inventory studies found that very
little of the gender gap could be explained by differences in
academic performance, but that a substantial part of the gap
could be explained by prior physics preparation, measured
by pretest scores on the inventories [35]. A similar picture
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emerges when considering degree classification; between
2004-2005 and 2009-2010, 87% of men and 88% of
women graduating from a UK university with an integrated
masters degree in physics gained a first class or upper
second class classification (see Sec. IV for an explanation
of UK degree classifications), compared to 48% of men and
59% of women who graduated with an honors bachelor’s
degree [11].

Recent studies have highlighted the complexity of this
area and the need to take a more nuanced view of perceived
gender gaps. For example, a 2016 study critiqued the
(presumably unintended) “deficit model” of female under-
performance in concept inventories and the underlying
assumption that standards are set by male performance
[36]. Another study found evidence that, in the U.S.,
subjects of physics education research (PER) may not be
representative of the broader population of physics stu-
dents, as PER tends to be focussed in larger research-
intensive universities [37]. The same study also highlighted
the importance of the local context; that it should not be
assumed findings from research undertaken in one context
will transfer to others [37].

III. TERMINOLOGY

The following outlines how the terms widening partici-
pation and gender were defined in this study and how
students were categorized based on these definitions [38].

Widening participation: An umbrella term used in UK
education policy when referring to interventions aimed at
increasing participation in HE from underrepresented
groups [39]. A student is classified as widening participa-
tion if they fall into one or more of the following categories:
attending a school where relatively few students go on to
HE, living in low participation neighborhoods, mature
students from the aforementioned groups, young carers,
young people with care experience, stemming from a low
socioeconomic group. Students’ WP status as used in this
study was determined by the university when the student
applied, using contextual indicators [41]. A WP status can
only be applied consistently to UK domiciled students;
therefore, the non-UK cohort were omitted when compar-
isons were made between WP and non-widening partici-
pating (non-WP) students.

Gender: A perceived identity that may or may not align
with biological sex, and may or may not change over time
[36]. In this study students were categorized as male or
female; two of many possible gender identities. In
applying to and entering the university, self-disclosed
information such as gender was collected from students.
The options available to students when asked to disclose
gender were male, female or neither [42]. Because of the
small number of students self-disclosing as neither, only
comparisons between male and female students were
made. In comparison of the two, the terms “gender

TABLE 1. Scottish undergraduate qualifications, including
commonly used award titles for physics degrees.

Qualification Award title  Years of study”
Certificate of higher education CertHE 1
Diploma of higher education DipHE 2
Bachelor’s BSc (Ord) 3
Bachelor’s with honors BSc (Hons) 4
Integrated master’s MPhys (Hons) 5

*Note that Scottish undergraduate degrees take a year longer to
complete than elsewhere in the UK.

differences” or “gender gaps” are used as opposed to
“sex differences” [36].

IV. CONTEXT

A. Undergraduate degrees in Scottish higher education

A summary of undergraduate qualifications awarded by
Scottish universities is shown in Table L.

Key features of these degrees include the following:

* Bachelor’s degree: Bachelor’s degrees may be
awarded with or without honors. Bachelor’s without
honors are also known as ordinary degrees. They are
often used as an “exit award” for students who have
not met the requirements needed to progress to the 4th
year of an honor’s degree.

* Integrated master’s degree: Integrated master’s de-
grees are honor’s degrees that include an additional
year of in-depth study at master’s level compared to
bachelor’s honor’s degrees. They are common in
STEM subjects across the UK.

* Classification of degrees: Honor’s degrees are
awarded with a classification based on the student’s
overall academic performance (see Table II). Other
undergraduate qualifications, including ordinary de-
grees, are not classified.

B. Institutional context

The School of Physics and Astronomy at the University
of Edinburgh has an annual undergraduate intake of
approximately 150 students, with a gender ratio of
75:25 male to female students and a WP status ratio
of 75:25 non-WP to WP students. The intake is typically
composed of 40% Scottish students, 30% from the rest of
the UK, and 30% EU or international students.

TABLE II. Classification of honor’s degrees.

Class Overall performance
First (1st) >70%

Upper second (2:1) 60%—69%
Lower second (2:2) 50%—-59%
Third (3rd) 40%—-49%
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Students arrive with a range of entry qualifications.
Scottish school leaving qualifications (SQA qualifications)
are different to those in the rest of the UK. Scottish students
have SQA advanced highers (or, more rarely, SQA highers,
if they did not go on to take advanced highers), while
students from the rest of the UK have A levels. EU or
international students have other qualifications such as the
International Baccalaureate.

There are two entry points to the undergraduate physics
degree at Edinburgh. Students may start their degree in
either the first year of the program (known as “first year
entry”’) or directly into second year (known as “direct
entry”’), depending on their entry qualifications. The entry
requirements for direct entry to second year are higher than
those for first year entry. Entry requirements for WP
students are slightly lower than the standard requirements,
in recognition of the challenges that these students may
have faced in their school studies.

At Edinburgh, as at other Scottish universities, students
normally study a range of subjects in the first two years of
their degree (the “pre-honor’s” years). This may include
taking optional courses (electives) from outwith their
chosen specialism. In years three, four and five (the
“honor’s” years), students focus on their degree specialism.
Because of this clear distinction between pre-honor’s and
honor’s, only the results from honor’s years are counted
towards students’ degree classification. At Edinburgh, BSc
(Hons) degree classification is determined using a weighted
average of results from years three and four in a 50:50
ratio; for the MPhys (Hons) degree, years three, four, and
five are used in a 20:40:40 ratio. Years four and five have a
higher weighting than year three for MPhys (Hons) because
students’ performance in their final two years is considered
more representative of their performance at graduation.

Optional courses are available to the majority of
University of Edinburgh students and nonphysics students
can elect to take introductory physics courses. As a result,
class sizes are often larger in years one and two, at around
200-300 students [43]. Third year is highly structured,
whereas fourth and fifth year contain few compulsory
courses, with students able to tailor their studies based on
personal interests. For a more in-depth descriptions of the
specific requirements of physics degrees at Edinburgh,
see Ref. [44].

V. RESEARCH QUESTIONS AND HYPOTHESES

This study followed three undergraduate cohorts at the
School of Physics and Astronomy at the University of
Edinburgh in the UK. It aimed to answer the following
research questions:

Looking separately at gender and WP status,

1. Is there a significant association between gender or
WP status and educational outcome, either in quali-
fication type or classification obtained?

2. Does a significant performance gap persist through
all years of academic study, appear or disappear at a
specific point during higher education instruction or
not appear at all?

3. Does the nature of a performance gap change when
looking specifically at mathematics or physics based
courses?

Looking at both gender and WP status,

4. Is there a significant (intersectional) association
between gender and WP status, and the qualification
type obtained?

To investigate these research questions, the following
null hypotheses were used when conducting statistical
tests:

HO(1): There is no significant association between
gender or WP status and educational outcome, either
in the qualification type or classification obtained.

HO(2): There is no significant performance gap that
persists through all years of academic study.

HO(3): There is no change in the nature of a performance
gap when looking specifically at mathematics or
physics based courses.

HO(4): There is no significant (intersectional) association
between gender and WP status, and the qualification
type obtained.

VI. METHOD

A. Datasets and statistical tests

Three undergraduate entry cohorts of students were
examined in this study, from entry sessions 2012-13,
2013-14, and 2014-15. The dataset is based on 444
students, which includes 114 female students and 112
WP students. Further details, including the gender split and
WP numbers for entry sessions 2012-13, 2013-14, and
2014-15 are given in Tables III and IV (see Sec. VII).

Datasets, in the form of Excel spreadsheets, included
gender, WP status (for UK domiciled students), individual

TABLE III. ~ Gender split of 201213 through 2014-15 cohorts.
2012-13 2013-14 2014-15 Total
Male 105 (85%) 121 (71%) 104 (69%) 330 (74%)
Female 18 (15%) 50 29%) 46 (31%) 114 (26%)
Total 123 171 150 444

TABLE IV. WP students, including gender split, of 2012—13
through 2014-15 cohorts.

2012-13  2013-14  2014-15 Total
Male WP 25 93%) 32 (718%) 29 (66%) 86 (717%)
Female WP 2 (7%) 9 22%) 15 (34%) 26 (23%)
Total WP 27 41 44 112
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course marks (for compulsory courses), yearly average
marks, and exit qualification and classification. Because of
the flexibility of academic years four and five, marks from
these years were not considered separately in this study.
Entries in the dataset marked “No Qualification” refer to
students who left the University before completing year 1,
or who switched to a different degree program outside of
the school. From the data it was not possible to know which
of these applied. Although the proportion of female
students in the 2012-13 cohort was smaller than in the
2013-14 and 2014-15 cohorts, no significant differences
were found between the overall academic performance for
the three cohorts. The data were therefore aggregated in
order to maximize the sample size.

For privacy reasons, only the tabular data for replotting
the figures in this publication are available on the
Edinburgh DataShare repository [45].

1. Research question 1

As this research question is concerned with students’
outcomes on exit, rather than year-on-year performance
during their degree (which is addressed in research ques-
tions 2—4), first year entry and direct entry students were
considered together. Chi-squared tests (y> tests) were
performed to establish whether there was an association
between gender or WP status on educational outcome, both
in the qualification type and -classification obtained.
Expected values were calculated manually and the chi-
squared value was calculated using the CHISQ.TEST
function in Excel [46].

2. Research question 2

In order to conduct longitudinal analysis, the dataset was
cleaned to ensure all students had completed the same
courses in the same years. This inevitably led to several
students being omitted. The most common reasons for
removal were that the student had resat an academic year,
taken a year out, completed a year abroad or switched
degree program. The courses chosen for analysis were the
compulsory courses of the standard physics degree for
academic years 1-3 (see the Appendix, Tables V and VI).
First year entry and direct entry students take different
compulsory courses, so these groups of students were kept
separate. After the dataset had been cleaned, no female
students remained in the first-year entry cohort of 2012—13,
so this entry session does not appear in the aggregated
dataset for gender comparisons. For the direct entry gender
analysis, and for both first year and direct entry analysis of
WP status, all three academic sessions were used.

Two-sample ¢ tests were used to establish whether there
was a significant mean difference in yearly averages
between the groups of interest. Each two-sample ¢ test
was conducted using the T.TEST function in Excel [46] and
assuming equal variance. Equal variance was assumed after

comparison of the standard deviations and box plots of the
relevant data had been made.

Paired ¢ tests [46] were also conducted to establish
whether the yearly academic performance for male, female,
WP, or non-WP students significantly changed. These tests
ensured that significant changes in a category’s perfor-
mance were identified, irrespective of whether it was
significant in comparison to another group, thereby con-
sidering each category its own right. In taking this approach
we were mindful that previous research has tended to only
directly compare female to male students, and WP to non-
WP students. This has attracted criticism for assuming an
implicit “deficit model,” i.e., a standard to which other
groups should be compared [36].

3. Research question 3

The compulsory courses in academic years 1 and 2 were
separated into mathematics and physics courses. The
analysis was only conducted on first year entry students.
The dataset used for this analysis also excludes students on
some specialized degrees (mathematical physics and theo-
retical physics) who took a different set of compulsory
courses. Two-sample ¢ tests were used to establish whether
the type of course affects how underrepresented groups
perform academically.

4. Research question 4

7y tests were conducted to explore the possible associ-
ation between gender and WP status, using particular
combinations of exit qualifications to form the testing
cohorts. As stated in Sec. III, a WP status can only be
consistently applied to UK domiciled students. The inter-
sectionality cohort therefore also only contains UK domi-
ciled students. Because of the difference in domicile
between the gender dataset and widening participation
dataset, comparisons should not be made between the
results obtained when they are considered separately, but
should be confined to the intersectionality section.

For all four research questions, statistical tests were
conducted with a 0.05 significance level. All tests used
were parametric and therefore assumed a normal distribu-
tion. This assumption was checked by plotting histograms
(using Sturges’ rule for number of bins) and checking the
skewness and kurtosis of the relevant data.

VII. RESULTS AND DISCUSSION

A. Gender

The gender split of students entering the School of
Physics and Astronomy in 2012—13, 2013—14, and 2014—
15 is shown in Table III. The percentage of each cohort that
were female is 15%, 29%, and 31%, an average of 26%.
This is consistent with female physics enrollment across
UK HE, which on average is 23% [18].
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Exit Qualification

MPhys (Hons)

FIG. 1. Percentage of cohort exiting with each qualification
type, disaggregated by gender (N =444, Male = 330,
Female = 114). CertHE, DipHE, and BSc (Ord) have all been
grouped as “non-honor’s” due to low numbers.

1. Exit qualification and classification

The percentage of male and female students that attained
each type of exit qualification for the aggregated dataset is
shown in Fig. 1. From a qualitative inspection of the figure,
it can be seen that the outcomes for both genders follow a
similar distribution. A y? test confirmed that there is no
statistically significant association between gender and exit
qualification.

The largest gender difference is for the BSc (Hons),
where 6 pp more female than male students exited with this
qualification. Students may choose to switch between the
BSc (Hons) and MPhys (Hons) programs up to fourth year,
plus at the time of this study there was an elevated hurdle at
the start of fourth year for continuation on the MPhys
(Hons) program. Therefore, numbers graduating with
each qualification are not necessarily the same as on entry.
It is not known how many female students in this data-
set entered the university intending on completing a
BSc (Hons) program, however a previous study suggested
that men are more likely than women to remain on
integrated master’s degrees from entry to graduation
[11]. 41% of male and 38% of female students graduated
with a MPhys (Hons). This is in agreement with the UK
national picture, which shows that on average across UK
HE institutions, 41% of men and 37% of women exit with a
MPhys (Hons) degree [11].

Degree classifications for students who attained a BSc
(Hons) or MPhys (Hons), disaggregated by gender are
shown in Fig. 2. 87% of male and 93% of female students
who graduated with a MPhys (Hons) attained a first class or
second class (upper) classification, compared to 55% of
male and 78% of female students who graduated with a
BSc (Hons). y? tests performed on both the BSc (Hons) and
MPhys (Hons) qualification, showed a statistically signifi-
cant association between gender and classification for the

mm Male

60 - mm Female

w Y %]
o o o

Percentage of Gender Cohort
N
o

10 1

2:% 2:2 or 3rd
Degree Classification

= Male
mmm Female

Percentage of Gender Cohort

2:1or2:2

Degree Classification

FIG. 2. Proportional split of classifications achieved by stu-
dents who exited with (a) a BSc (Hons) (N = 140, Male = 99,
Female = 41), (b) an MPhys (Hons) (N = 177, Male = 134,
Female = 43).

MPhys (Hons) (y*> =4.20, df =1, p =0.04). Given
that 6 pp more female than male students exited with a
BSc (Hons) (Fig. 1), and that for both BSc (Hons) and
MPhys (Hons) qualifications female students attained
higher classifications than male students, this suggests that
some female students may have chosen to graduate with a
BSc (Hons) for reasons other than academic potential.

2. Year-on-year performance

The yearly average marks of female and male students in
both the first year entry and direct entry cohorts are shown
in Fig. 3. Female students outperformed male students in
their first year of study in both the first year and direct entry
cohorts. Looking at the first year entry cohort, the yearly
average mark for females declined by 4 pp between year 1
and year 2, dropping below the average for males
which declined by only 0.3 pp. Paired ¢ tests found the
decrease in academic performance between first and second
year for the female cohort to be statistically significant
[#(35) = 3.75, p < 0.001].
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FIG. 3. Yearly average marks of male and female students per

academic year for (a) first year entry cohort (N = 105,
Male = 69, Female = 36), (b) direct entry cohort (N = 26,
Male = 18, Female = 8). Note that there are no Yr 1 marks
because this cohort enters directly into Yr 2.

Yearly average marks similarly declined for the direct
entry cohort between students’ first and second year of
study (academic years 2 and 3). In contrast to the first year
entry cohort there is a more marked decline for male
students, with female students remaining at a slightly
higher average. The average yearly mark for female
students declined by 3 pp, and for male students by
5 pp. Paired ¢ tests conducted separately for males and
females, found both of these declines to be statistically
significant [females: #(8) =3.08, p =0.02, males:
1(18) = 2.67, p = 0.02].

For the first year entry cohort, the yearly average marks
of female students recovers slightly between years 2 and 3,
though is still below the average of male students, which
itself declines between years 2 and 3. The continued decline
of academic performance of male students seen in both first
year and direct entry cohorts as academic study progresses,
could explain why a lower proportion of male students

(compared to female students) went on to exit with a first or
second class (upper) classification.

Given that the average yearly mark for female students in
the first year entry cohort is lower than male students, it is
interesting then that a higher proportion of female students
than male went on to attain a first class of second class
(upper) qualification, and that from a.l a significant
association between gender and exit classification [for
MPhys (Hons)] was found. This would suggest there
was an increase in their academic performance in fourth
and fifth year. Further work would be needed to confirm
this. However, it would be necessary to use a different
approach to that taken in this study. We have compared
results for compulsory courses taken by the whole cohort,
but this approach cannot be used for fourth and fifth year as
the flexibility of the degree structure in these years means
that students have a wide choice of options but take very
few compulsory courses.

It may be that efforts were made by the institution to
combat the negative effects of underrepresentation, and
over time they had a positive impact. Alternatively, it may
be that by their later years of study, self-aware female
students themselves combated these effects. It has been
shown that, for underrepresented groups, a strong con-
nection to one’s future self increases motivation and
academic achievement by directing attention away from
the present and towards the future [47,48]. It is likely that
this connection grows in the final years of study, as students
tailor their degrees to their individual interests and more
discussion ensues around career aspirations. We did not
investigate the classroom experience of the students whose
performance we analyse here, so we cannot make a direct
comparison between classroom experience and perfor-
mance for these student cohorts. However, there is evidence
in the wider literature that peer interaction and recognition
by instructors or teaching assistants can moderate womens’
classroom experiences [28]. For the cohorts of students
considered here, these situations are more likely to have
occurred in later years of study, where class sizes are
significantly smaller and students have built relationships
with instructors, so these literature results on classroom
experience may help explain our performance results.

Two sample ¢ tests, conducted separately for the first year
entry and direct entry cohorts, and for each academic year
(years 1-3 for first year entry, years 2-3 for direct entry)
found no statistically significant gender performance gaps
in yearly average marks. This is consistent with a previous
study, which found no significant gender gaps in end of
course examinations for first year physics students at the
University of Edinburgh [14].

3. Performance in mathematics vs physics courses

First and second year average marks for first year entry
male and female students, disaggregated by type of course,
are shown in Fig. 4. For both male and female students,
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FIG. 4. Academic performance of male and female first year
entry students in first and second academic year mathematics and
physics courses (N = 105, Male = 69, Female = 36).

academic performance in physics is higher than in math-
ematics. Between first and second year, female averages
declined for both course types, whereas male averages
increased for mathematics and decreased for physics.

Paired ¢ tests showed the decline in academic perfor-
mance of female students between first and second year to
be significant across both course types [mathematics:
1(35) =2.57, p=0.01, physics: #(36) =3.08, p =0.004].
For male students, only the decline between first and
second year physics courses was statistically significant
[(68) = 2.33, p = 0.002]. Two sample ¢ tests did not show
any significant gender difference across course type or
academic year. From these results, it appears that the
decline of male academic performance in the initial years
of their physics degree can be attributed more specifically
to a decline of performance in their physics courses (as
opposed to mathematics).

Many studies have shown that both male and female
physics students’ level of expertlike thinking declines after
initial (first year) instruction (see, for example, Ref. [49]). It
has been suggested this decrease in expertlike thinking
could be linked to a drop in confidence, related to a stage of
intellectual development [50]. It could be that this stage of
development continues into students’ second year of study.
There is also evidence that male and female high school
students both perceive mathematics as a more masculine
subject than physics [51], but that this perception only
adversely affects female students’ academic performance
[52]. This perception is likely carried into higher education,
which may explain the additional decline of female
students’ mathematics averages compared to male students.

4. Overall gender discussion

Underrepresentation, for female students who entered
the school between 2012-2013 and 2014-2015, did not
result in a quantifiable and statistically significant adverse

effect on their educational outcome, in either the exit
qualification or the classification they attained. Similarly,
there was no significant performance gap between female
and male students’ yearly average marks in any acade-
mic year considered in this study. The reasons why a
higher proportion of these female students exited with a
BSc (Hons), despite higher -classification attainment,
should be investigated further.

Male students experienced a steady decline of academic
performance throughout the first three years of their degree,
although these declines were not statistically significant. A
lower proportion of male students than female exited with a
first class or second class (upper) classification. This should
be explored further, as the reasons for this are not well
understood. Both male and female students experienced an
early decline in academic performance in physics-based
courses. This is line with the findings of previous studies at
the University of Edinburgh, and may be due in part to a
stage of intellectual development.

Students experienced a decline in academic performance
between their first and second year of study irrespective of
gender or whether they were first year or direct entry
students. For the direct entry cohort, this decline was
deemed statistically significant for both males and females.
For the first year entry cohort, the decline was only deemed
significant for female students.

B. Widening participation

The proportion of students who entered the School of
Physics and Astronomy in 2012—-13, 2013—14, and 2014—
15 that were classified as WP students is given in Table IV.
For the aggregated dataset, 25% were WP students. Over
the entry sessions considered, the gender ratio of the WP
cohort became more representative of the overall cohort. In
2012-13, 93% of the WP cohort was male, compared to
85% of the overall cohort. By 201415, 66% of the WP
cohort and 69% of the overall cohort was male.

1. Exit qualification and classification

For the aggregated dataset, the percentage of WP and
non-WP students that attained each type of exit qualifica-
tion is shown in Fig. 5. A y? test found no statistically
significant association between WP status and exit quali-
fication. Nevertheless, some differences can be observed
from inspection of the figure. Between no qualification and
the MPhys (Hons) qualification, there is an almost mon-
otonic increase in the proportion of non-WP students that
attained each type. In contrast, fewer WP students attained
a MPhys (Hons) than a BSc (Hons), and 12 pp fewer WP
students exited with a MPhys (Hons) qualification than
non-WP students.

9% of the non-WP cohort and 13% of the WP cohort
either achieved no qualification or transferred to a degree
program in another school. These percentages should not
be interpreted as dropout rates, as transfers between degree
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WP = 210). CertHE, DipHE, and BSc (Ord) have been grouped
as Non-honor’s due to low numbers.

programs are not uncommon, particularly in the early
years. Nevertheless, the higher percentage for the WP
cohort is consistent with previous research that has
shown there are steep socioeconomic gradients in drop-
out at UK institutions, even within the same degree
program [9].

Degree classifications attained by students who exited
with a BSc (Hons) or a MPhys (Hons), disaggregated by
WP status, are shown in Fig. 6. 77% of non-WP students
who exited with a BSc (Hons) or MPhys (Hons) achieved a
first class or second class (upper) qualification, compared
to 67% of WP students. A y* test did not find any
statistically significant association between WP status
and classification, possibly due to the relatively low
number of WP students in the dataset.
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FIG. 6. Proportional split of classifications achieved by stu-
dents who exited with a BSc (Hons) or MPhys (Hons), disag-
gregated by WP status (N = 220, WP = 70, non-WP = 150).

2. Year-on-year performance

Overall average marks for first year entry and direct entry
students, dissagregated by WP status, are shown in Fig. 7. It
can be seen that non-WP students outperformed WP
students in every academic year and for both first year
entry and direct entry cohorts. All groups experienced a
decline in their academic performance as they progressed,
however WP students’ performance declined to a greater
degree. Two sample ¢ tests found that the difference between
the year 2 averages of first year entry WP and non-
WP students was statistically significant [¢#(111)=2.06,
p = 0.04]. This early performance gap could be one reason
why more WP students exited with no qualification or anon-
honor’s qualification (Fig. 5).

Paired ¢ tests showed that, on average, first year entry
students, irrespective of WP status, experienced a signifi-
cant decline in their academic performance between second
and third year. This is consistent with the findings of the
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FIG. 7. Yearly average marks of WP and non-WP students per
academic year for (a) first year entry cohort (N = 113, WP = 43,
non-WP = 70), (b) direct entry cohort (N = 19, WP = 6, non-
WP = 13). Note that there are no Yr 1 marks because this cohort
enters directly into Yr 2.
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previous section, where no association was found between
WP status and classification. It may also suggest that for
students who completed years 3, 4, and 5 (where appli-
cable), WP status did not significantly affect academic
performance.

It is interesting then that 12 pp fewer WP students
completed the MPhys (Hons) qualification. It has been
suggested that inequalities in access to a postgraduate
degree for underrepresented groups, such as WP students,
can be largely attributable to difficulties in attainment at
first degree level [53]. Therefore, even though most
of the differences in academic performance are not
statistically significant, the slightly higher decline of
WP students’ academic performance, coupled with a
lower MPhys (Hons) attainment rate, may suggest they
were potentially adversely affected by the consequences
of underrepresentation.

No significant differences were found for the direct entry
cohort, either between WP and non-WP performance, or in
the differences in performance within both groups between
second and third year. These results suggest that under-
representation did not result in a significant adverse effect
on academic performance for WP direct entry students,
however a larger dataset would be needed to confirm this.
Nevertheless, these findings are in agreement with those
from previous studies that found, when comparing students
with the same pre-university grades, students from the
lowest performing schools perform as well or better than
students from the highest performing schools [9,31,33]. In
our study, the higher academic entry requirements required
for direct entry could be considered as a proxy control for
pre-university grades.

3. Performance in mathematics vs physics courses

The first and second year academic performance of first
year entry WP and non-WP students, disaggregated by type
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FIG. 8. Academic performance of WP and non-WP first year

entry students in first and second academic year mathematics and
physics courses (N = 113, WP = 43, non-WP = 70).

of course, are shown in Fig. 8. For all students, performance
in mathematics was weaker than in physics, although slight
improvements are observed between first and second year.
The performance in physics declined in second year for
both WP and non-WP students, although to a greater degree
for WP students. Paired ¢ tests showed that the change in
academic performance between first year and second year
maths or physics courses was not significant for either WP
or non-WP students. This is consistent with the overall
steady decline of academic performance seen in Fig. 7 for
both groups. The largest performance gap between WP and
non-WP students is observed in second year mathematics,
with a difference of 4.2 pp. This difference was determined
to be significant [#(111) =2.19, p =0.03], and is the
source of the overall significant difference in year 2 per-
formance between WP and non-WP students found in the
previous section.

4. Overall widening participation discussion

For the cohort of WP students who entered the school
between 2012-13 and 2014-15, underrepresentation was
not manifested in a statistically significant adverse effect on
attainment, either in the type of exit qualification or in
degree classification. However, the fact that a smaller
proportion of WP students graduated with a first or second
class (upper) MPhys (Hons) degree may have had an
impact on the opportunities open to this group for post-
graduate study. Both WP and non-WP students experienced
a decline in academic performance between academic years
1 to 3, with WP students’ average marks consistently lower
than those of their non-WP peers, and declining at a slightly
higher rate year-on-year. For direct entry students, no
significant difference was found between WP and non-
WP performance, possibly due to the higher entry require-
ments for direct entry; equivalent pre-university grades are
known to close the WP performance gap. For first-year
entry students, a significant performance gap was identified
in second year, which can be attributed more specifically to
a significant mathematics performance gap. This may be
because WP students are more likely to be less well-
prepared mathematically than their non-WP counterparts
(as the entry requirements for WP are lower than the
standard requirements). There is evidence that physics
students who are less well prepared mathematically on
entry may lose confidence in their mathematics ability over
the course of their first year, and that this can carry forward
and impact their performance in second year [54].

This early performance gap may explain why, despite not
being statistically significant, a higher proportion of WP
students exited with no qualification or a non-honor’s
qualification.

C. Intersectionality

x> tests conducted separately for those who attained an
honor’s qualification [BSc (Hons) and MPhys (Hons)], a
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non-honor’s qualification [CertHE, DipHE and BSc (Ord)],
and a non-honor’s qualification grouped with no qualifi-
cation, all returned nonsignificant results.

This suggests that, for each qualification type, there is
no significant association between gender and WP status.
This is perhaps surprising, given that some previous
studies have highlighted that WP male students, as one
of the underrepresented groups in UK higher education,
are particularly susceptible to noncontinuation [55,56].
Intersectionality studies are crucial to gain a better under-
standing of how various characteristics contribute to an
individual’s experience in higher education physics. Very
few studies to date have considered these intersections and
this would therefore provide a salient focus for future
research.

D. Data quality and future studies

It has been suggested [26] that the consequences of
effects such as stereotype threat may have a particularly
negative impact on higher ability students. This was not
seen in this study, either for gender or WP status (where
direct entry was taken as a proxy for higher ability).
However, our analysis was limited by the relatively small
size of the direct entry cohort so further work to investigate
this would be worthwhile.

In order to make fair and consistent comparisons in year-
on-year performance (a.2 and b.2), a complete case analysis
approach was taken, which inevitably led to the removal of
several students from the dataset. When the students were
omitted from the sample their gender, WP status and reason
for removal was noted. The most common reasons for
removal were switching degree program (within the
School), taking a year out, undertaking a year abroad or
resitting a year. The students removed did not dispropor-
tionally come from any one WP status or gender, but
whether the reasons for removal are significantly associated
with those groups, and therefore the effects of underrep-
resentation, are not known. In future work, the missing
completely at random (MCAR) assumption should be
explicitly tested, as it is acknowledged that these removals
can lower the statistical power of the analysis and may bias
the results [57].

A Bayesian approach to this type of study may also be a
promising avenue forward [58]; we are currently under-
taking corresponding work utilizing this approach.

The scope of our study is, of course, limited. There are
many underrepresented groups in higher education in
addition to WP students and (in physics and some other
disciplines) female students; for example, Black, Asian,
and minority ethnic students, and disabled students. Further
work is needed to study the impact of underrepresention on
the academic performance of these groups.

Finally, academic performance is not a sole indicator,
either of a student’s educational experience, or of the
effects of underrepresentation. Therefore, in order to

understand how underrepresentation permeates all aspects
of a student’s higher education journey, qualitative data in
the form of interviews or focus groups should be colle-
cted, to enhance the insight that can be gained from such
a study.

VIII. CONCLUSION

The academic performance of undergraduate cohorts of
students who entered the School of Physics and Astronomy
at the University of Edinburgh in 2012-13, 2013-14, and
2014-15 have been analyzed with the aim of identifying
any significant gaps between the performance of male and
female, and WP and non-WP students. No significant
associations were found between gender and type of exit
qualification. However, gender was found to be signifi-
cantly associated with the classification that MPhys (Hons)
students attained, with a higher proportion of female
students exiting with a first class or second class (upper)
classification than male students. This cohort of female
students were perhaps resilient to, or were able to mitigate,
the adverse effects of underrepresentation. In contrast, a
higher proportion of female students exited with a BSc
(Hons) compared to male students, suggesting that some
female students may choose to exit with a BSc (Hons) for
reasons other than academic performance. There were no
significant year-on-year gender performance gaps, however
for both male and female students their performance in
physics courses significantly declined between first and
second year. This supports previous research at the
University of Edinburgh, which found that physics stu-
dents’ level of expert like thinking declines after a period of
initial instruction, possibly due to a drop in confidence
linked to a stage of intellectual development [49,50]. It is
also worth noting that, because the students in our study
had a range of educational backgrounds, the material in first
year was more familiar to some students than to others.
This familiarity may have resulted in both a higher overall
performance and a higher level of confidence in first year
than in subsequent years.

Exit qualification and classification were not signifi-
cantly associated with WP status. This suggests that,
overall, WP students were able to perform academically
at a similar level to their peers. However, WP students’
performance was consistently lower than that of non-WP
students year-on-year; and a higher proportion of WP
students exited with either no qualification or a non-honor’s
qualification. The difference in academic performance
between WP and non-WP students was statistically sig-
nificant in second year; this appears to be due to a
significant difference in their performance in mathematics
courses. For students who entered directly into the second
academic year of study, no significant performance gaps
were found for either female or WP students. This is in
contrast to previous studies that found the effects of

010114-11



HARRINGTON, THIJSSEN, and HARDY

PHYS. REV. PHYS. EDUC. RES. 18, 010114 (2022)

underrepresentation to have more impact on students of a
higher ability.

These findings—no performance gap for direct entry
students, and relatively little performance gap for first year
entry students—do not align completely with the UK
national picture or with previous research. This suggests
that the widely established effects of underrepresentation
may not generalize fully to specific populations at specific
institutions. For example, perhaps the student cohorts in our
study, in gaining entry to a physics degree at a highly
selective university, had already developed some level of
resilience against the effects of underrepresentation. Taking
account of entry qualifications, comparing students of the
same underrepresented groups in both first year entry and
direct entry settings, and collecting qualitative data to
complement quantitative findings, would both deepen
understanding and help to define the boundaries of such
phenomena.

A key implication of our findings is that in these types of
studies it is important to take account of the context of the
population that the sample is drawn from. Otherwise, the
evidence (nationally averaged) underpinning their policies
(locally implemented) might be inappropriate; in other
words, an intervention that is effective at one institution, or
one type of institution, might not be effective at another.
This is especially relevant for higher education systems
such as that in the UK where different institutions have
different entry level requirements. Broadly speaking, no
single university is the same as the “nationally averaged
university,” so using national data to underpin policy at any
one university may not be appropriate.

TABLE V. Compulsory courses: First year entry.

Our findings also have an important policy implication:
It is crucial that individual institutions collect and report
appropriate data about the academic performance and
experience of their students, particularly their marginalized
students, so that institutions can implement evidence-based
interventions to support their students to succeed. More
locally relevant data, both quantitative and qualitative,
should help direct often limited resources to “pinch points”
in the local system where they are most likely be effective
in improving the experience of students in that local
system.
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APPENDIX: COMPULSORY COURSES FOR THE
PHYSICS DEGREE IN ACADEMIC YEARS 1-3

Table V lists the compulsory courses of the standard
physics degree at the University of Edinburgh (UK) for
academic years 1-3 for first-year entry for the cohorts
considered; Table VI lists the compulsory courses of the
standard physics degree at the University of Edinburgh
(UK) for academic years 1-3 for second-year (direct) entry
for the cohorts considered.

Year 1°

Year 2*

Year 3*

Physics 1A (S1)
Maths for physics 1 (S1)
Physics 1B (S2)
Maths for physics 2 (S2)

Modern physics (S1)
Linear algebra and several variable calculus (S1)
Dynamics and vector calculus (S2)
Physics of fields and matter (S2)

Fourier analysis and statistics (S1)
Thermal physics (FY)
Electromagnetism (FY)

Quantum mechanics (FY)

2S1: Semester 1 Course, S2: Semester 2 Course, FY: Full Year Course.

TABLE VI. Compulsory courses: Direct (second year) entry.

Year 2°

Year 3*

Classical and modern physics (S1)
Algebra and calculus (S1)
Dynamics and vector calculus (S2)
Physics of fields and matter (S2)

Fourier analysis and statistics (S1)
Thermal physics (FY)
Electromagnetism (FY)

Quantum mechanics (FY)

%S1: Semester 1 Course, S2: Semester 2 Course, FY: Full Year Course.
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