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ABSTRACT

In preparing computer science students for industry, degree content
often focuses on technical skills such as programming. Such skills
are essential for a successful post-study career in industry and is
popular with students. However, industry notes that students are
often limited in what can be referred to as graduate attributes or
transferable skills. Such skills include effective teamwork, commu-
nication, and critical thinking, among others. Computing science
students can also struggle to identify the value in these skills.

To address this gap, it is proposed graduate attributes are incor-
porated into summatively assessed coursework alongside essential
technical skills. The overall aim is to develop a framework for com-
puting science educators which will allow them to incorporate
such skills more explicitly through assessment. As an initial step,
this paper presents a review of graduate attributes from Russell
Group Universities to identify common themes. These skills are
summarised with an initial proposal for how some of the most com-
mon attributes could be incorporated into coursework assessment.
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1 INTRODUCTION

Transferable skills or graduate attributes are a key part of any
degree. Skills such as effective communication, problem solving and
the ability to work in a team are required to thrive in the workplace.
In computing science, scaffolding students in developing these skills
and developing their appreciation of the value of such skills can be
challenging. Industry highly value such skills, but are noticing a
skills gap [36] and consequently are developing their own training
programmes to deal with the perceived lack of ability [5].

This paper presents an initial review and analysis of graduate
skills identified by UK Russell Group universities. This initial review
is then used as a starting point to identify key graduate skills which
could then be incorporated into computing science assessments
to aid development. The eventual aim of the work is to develop a
framework of patterns for incorporating graduate skills into com-
puting science curricula.
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2 BACKGROUND

In computing science degrees, a strong focus is often placed on
meeting industry expectations. Students are supported in devel-
oping technical skills such as programming, software design, and
databases. Industry also values non-technical skills such as commu-
nication and team work, without which students may struggle to
gain or retain graduate employment. UK universities often address
this balance through transferable skills, also referred to as gradu-
ate attributes. These are skills which they anticipate all graduates
should be able to demonstrate competency in, not just those with a
computing degree.

Most UK universities have their own version of these skills. For
example, Fung at University College London developed a frame-
work which allows students to explore learning from a research
led perspective and a key dimension is the ability to "connect aca-
demic learning with workplace learning” [12]. Other universities
claim attributes such as "independent and critical thinkers" (Uni-
versity of Glasgow [28]) and “effective and influential contributors”
(University of Edinburgh, [26]).

Graduate level skills are also addressed in the Frameworks for
Higher Education Qualifications of UK Degree-Awarding Bodies
(FHEQ). At each level of the frameworks, transferable skills are
identified as an essential part of the qualification. As the level
increases, the students transferable skills expand to reflect a higher
level of attainment such as decision making in complex contexts
and being able to take personal responsibility and initiative [10].
The QAA subject benchmark for computing also explicitly identifies
required skills. In particular interpersonal and team working skills,
computational problem solving (critical thinking) and intellectual
skills (critical analysis, ability to make judgements and adaptability)
[11].

The British Computer Society (BCS) degree accreditation aligns
with the QAA benchmark, and identifies transferable skills as re-
quirements for accreditation. This includes "problem solving, work-
ing with others, effective information management and information
retrieval skills, numeracy in both understanding and presenting
cases involving a quantitative dimension, communication skills
in electronic as well as written and oral form to a range of audi-
ences and planning self-learning and improving performance as
the foundation for on-going professional development” [2].

In spite of these efforts and the increase in CS graduates (e.g.
HESA data shows an increase of 11080 students studying comput-
ing in 2020-21 compared to 19-20 [17]) there is a lower employment
rate of CS graduates. The Shadbolt review of Computer Sciences
Degree Accreditation and Graduate Employability in 2016 reviewed
Computing Science English Higher Education provision in an effort
to understand why computer sciences undergraduate students in
the UK suffered from a lower employment rate [39]. In particular,
stakeholders were consulted on what made graduates less employ-
able. One of the key reasons identified was a lack of well developed
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’softer’ skills such as communication and critical thinking. This
resulted in a recommendation that HE providers should consider
opportunities to ensure students develop transferable skills along-
side their academic studies.

In recent years, there has been work exploring the incorporation
of graduation skills in the computing curriculum.

For example, Groeneveld et al. et al. reviewed non-technical
courses within CS programmes across Europe, examining the syl-
labus to identify transferable skills. A key finding of this research
was that such skills are embedded in the CS curriculum according
to the syllabus. This paper takes a different approach to identifying
a set of transferable skills as it explores graduate skills through a
University lens using thematic analysis. This allows us to capture
any skills which may not explicitly be covered in syllabus infor-
mation for CS programmes, but are important to Universities and
could be seen as valuable by employers. Of the skills identified by
Groeneveld et al. et al. presentation skills, give/receive feedback,
accountability and conflict resolution did not fall within the themes
identified and reported in Section 4 [14]. Thus there was substan-
tive cross-over between skills for all graduates and those identified
through the analysis by Groeneveld et al. et al.

Carter notes two general approaches to incorporating these skills,
one is to have it embedded across the programme or alternatively
create a specific module to cover such skills. The single module ap-
proach is undesirable, as Carter notes the challenge of incorporating
these skills into a specific module addressing this due to students
perceptions that they are being taught skills they already know.
Carter suggests incorporating written reports and documentation
into technical exercises to develop student skills.

Additionally, Hoffman et al. et al. report on a project to incorpo-
rate communication skills into the computing science curriculum
([19], [18]). Through this work, a range of strategies for incorporat-
ing communication into computing curriculum were developed. For
example, use of scenarios in software development project modules
which require regular reporting to ’supervisors’ [18]. This paper
is an initial step to achieve a similar objective for a wider range of
skills.

Graduate attributes are often designed to reflect abilities of all
students graduating from the respective university. However, there
is evidence that computing science graduates frequently lack such
skills. This can be seen in the QS report which explores the Global
Skills Gap [36]. QS interview employers across the world in regards
to new graduates transferable skills. Technology focused employers
indicated the three most important skills were teamwork, problem
solving and flexibility/adaptability [36]. However, the three main
skills gaps in the 2019 report were in problem solving, creativity,
and communication. Highlighting that despite effort to incorporate
such skills, students are not demonstrating these competences well.
In contrast, employers were most satisfied with technical skills,
teamwork and flexibility. Technical skills is perhaps unsurprising,
as students engage well with these and they are directly assessed.
Teamwork is arguably unsurprising, as most degree programmes
have required elements of group work which are also often assessed.
This is often due to accreditation requirements, such as with the
British Computing Society (BCS). Students require a degree of
flexibility to navigate a range of topics and lecturers as well as
general challenges encountered throughout a degree which perhaps
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also explains why students are demonstrating flexibility in the
workplace.

When looking at CS graduates in particular, Haddad performed
an assessment of recent graduates cognitive abilities by asking
them to complete a case study. Haddad noted several skills which
were lacking, including lack of reasoning (recent graduates had a
single approach to problem solving) and analysis (recent graduates
often thought of code first, rather than analysing the problem at
an abstract level). Radermacher et al. also researched the skills gap
with computing graduates by interviewing 23 employers about
the perceived lack of cognitive abilities of new hires. As well as
technical skills, graduate skills such as communication, problem
solving, and teamwork were also identified.

Young argues that computing science degrees (Graduate Appren-
ticeships specifically) should be more explicit in incorporating such
skills. However, there are particular challenges in getting comput-
ing science students to engage in activities which develop these
skills. Employers of computing graduates note that they do not
have sufficient transferable skills such as communication [3]. In-
deed even technical skills are sometimes lacking. This is evidenced
by Eckerdal et. al where computer science students nearing gradu-
ation were given a system to design, and were unable of doing so
[9]. This could be attributed to the focus on technical skills and a
get it working mentality [8] as well as the challenge of applying
problem solving skills to a new context [13].

As a result of this perceived gap [36] technology companies are
developing and delivering their own intensive training courses for
new graduates. For example, Microsoft have developed training to
bridge this gap as new graduates are lacking key skills and attributes
[5]. It is clear in computing science degrees such skills need to be
more explicitly designed into the degrees, as argued by Young [44]

This paper presents an initial exploration of graduate attributes
for computing science students within the UK from a University
perspective. It proposes initial suggestions of incorporation of such
skills into summative assessment alongside technical skills since
summative assessment has been shown to motivate student engage-
ment, particularly if similar assessment is repeated [45].

3 METHODOLOGY

Given the UK context of the paper, it was decided that UK. Rus-
sell Group Universities were an appropriate set of Universities to
explore. The websites for each University were explored to iden-
tify any graduate attributes. It should be noted that there may be
some Universities with graduate attributes which are not exter-
nally advertised through the website which is a potential limitation
of the work. There are a total of 24 Russell Group Universities.
Of the 24 universities in scope for the analysis, a total of 15 uni-
versities were identified as having graduate attributes from their
websites. These were as follows: The University of Birmingham
[23], The University of Bristol [24], The University of Cambridge
[25], Durham University [41], The University of Edinburgh [26],
Exeter University [27], The University of Glasgow [28], Imperial
College London [20], King’s College London [21], The University of
Leeds [29], Liverpool University [30], The University of Manchester
[32], Newcastle University [33], Queen Mary Belfast [31] and the
University of Sheffield [34].
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Table 1

To determine overlap of graduate attributes across these Uni-
versities, an inductive thematic analysis methodology was used,
meaning that the themes were identified from the data rather than
approaching with pre-defined perceptions.

The process followed is that proposed by Braun and Clarke [4].

(1) Familiarisation with the data

(2) Generating initial codes

(3) Generating initial themes

(4) Review themes

(5) Defining and naming themes

(6) Reporting

Firstly, a list of the graduate attributes according to each Univer-
sity was documented using their own wording. This was gathered
from externally facing websites, and as such may be limited as some
Universities may only have internally identified graduate attributes.

Each author independently examined the data to become familiar
with it. Initial codes were then generated independently by each
author based on their review of the data. Each author then examined
their own codes to develop themes independently. The authors
then met to review and compare independent codes and themes
in order to identify and define the final themes for reporting in
this paper. Once a final code book had been identified, by resolving
any discrepancies and discussing reasoning behind codes, the data
was then coded using the consensus themes. Inter-rater reliability
was not calculated on the basis that there were little differences in
the labelling of graduate attributes given the frequent re-use of the
same terms across universities e.g. global citizenship. The results
of this process are reported in Section 4.

4 ANALYSIS

The thematic analysis of the graduate attributes for the set of Russell
Group universities resulted in the themes and frequencies outlined
in Table 1.
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The most common graduate skill identified was that of ’pro-
fessional practitioner’ (see Table 1). This theme was defined as at-
tributes related to professional practice, but not sufficiently substan-
tial to warrant an independent theme. For example, attributes such
as self-management (e.g. Bristol [24]) , self-awareness, equipped for
future challenges (e.g. Cambridge [25]), and life-long learners (e.g.
King’s [21]) were included in this theme This was an interesting
attribute, as it is clear universities are beginning to recognise the
need to develop students capable of fulfilling future job roles which
may be currently undefined. Fundamentally this was considered as
an expectation that graduates will behave in a professional manner.

The second most frequent theme was global citizenship which
appeared in 12 universities out of 15. This was defined as any
attribute which referred to an appreciation of society, inclusive of
its variety of cultures and diversity. The University of Exeter define
to Global Citizenship as a "commitment to actively engage in society,
an awareness of sustainability issues, and an understanding of the
cultures and view of others in the world, and a desire to further the
common good". This was seen across other universities in forms
such as "world citizens" [21] and "Globally and locally culturally
aware" [23].

The third most frequent theme was a tie between critical think-
ing, ethically conscientious and teamwork which each occurred 10
times. Critical thinking and teamwork skills are not unexpected and
have been discussed in the literature survey. Ethically conscientious
perhaps reflects the shift in society towards reducing inequalities
and improving quality of living for all. This is shift is reflected in
the United Nations Sustainable Development Goals which covers
aspects such as climate action, responsible production and con-
sumption and reduced inequalities (see https://sdgs.un.org/goals)
Teamwork was also reflected in the literature review, but is one
area employers feel satisfied in the ability of recent graduates [11].

The remaining themes identified in Table 1 are mostly self ex-
planatory. The one exception is perhaps digital literacy, which was
encompassed attributes such as data skills, confidence in working
with information and quantitative skills. This perhaps reflects the
increase in big data, and its uses across many areas of our lives.

Further to the breakdown above, it was also considered that the
identified themes could be grouped into three general categories;
hard skills, soft skills, and personal qualities. Hard skills were iden-
tified as technical tasks such as data analysis, subject knowledge
and research skills. Soft skills were identified as non-technical skills
which help improve productivity within the workplace, such as
good communication. Personal qualities were identified as qualities
which can be attributed to an individual’s personality such as being
reflective. The result of categorisation is shown in Table 2. Of par-
ticular note is that the soft skills and personal qualities accounted
for 15 out of the 19 themes. Soft skills and personal qualities are
also almost equal in number, with soft skills having only one more
theme than personal qualities. This reflection helps us see how val-
ued non-technical skills and qualities are, however implementing
this into programmes can be a challenge in computing science. The
next section presents initial observations on how some of the more
common themes identified can be built into computing science
curricula.
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Hard Skills Soft Skills Personal Qualities
digital literacy (5) commercial aware- adaptable (6)

ness (4)

research skills (5) communication (8) confidence (7)

subject specialist (7) professional (15) analytical (4)
skills beyond disci- critical thinking (10) ethically  conscien-
pline (4) tious (10)
independent thinker global citizen (12)
4
teamwork (10) innovative (3)
leadership (5) reflective (6)

problem solver (8)
Table 2: Categorisation of Graduate Attribute Themes

5 DISCUSSION

As a result of this analysis, we focus on professional practitioners,
global citizenship, and critical thinking. The rest of this section
addresses each in turn, highlighting potential approaches to incor-
porating these more explicitly into the computing curriculum.

5.1 Professional Practitioner

Any career requires professionalism, and computing science is no
different [38]. Raj et al. argue that professionalism in computing
science can include elements such as interpersonal communication
with colleagues as well as programming with extensibility and
readable code. It is also proposed that peer review of code and
reflection on how they provide such a review could be helpful in
establishing opportunities for professionalism. It is recognised by
Raj et al. that it can be difficult to generate and scaffold opportunities
to develop such skills, but even so they remain important.

5.2 Global Citizenship

Global citizenship is an important skill in a modern world. Citizen-
ship is reflected in the SQA Higher Computing Science specifica-
tion as well as the GCSE Computer Science specification. Students
should be respectful of the variety of cultures and diversity, be
conscious of sustainability and contribute to the community.

This is arguably a challenging aspect to incorporate into comput-
ing science assessment, however as argued by Yadav et al. et. al it
is an important one [43]. Yadav et. al propose four steps as follows:

(1) collaborate with the community

(2) collect data as citizen scientists

(3) consult on potential solutions with the community

(4) take informed action with the community such as develop-
ment of a technical solution

This could perhaps be achieved through project courses which
emulate charity coding events such as those run by coding for good
(https://www.coding4good.net/about).

Another approach is to explore technical solutions which have
citizenship incorporated into their design, e.g. exploring the cit-
izenship in electronic voting or blockchain, such as the work by
Watanavisit and Vorakulpipat [42].

Students could also be asked to research and reflect on global
citizenship in CS, for example exploring a real world case study
on how diversity impacts on computing practice such as bias in
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Al demonstrated through automated recruitment by Amazon [1].
Students could also be asked to discuss and reflect on the issues
which are demonstrated within such case studies.

5.3 Critical thinking

Critical thinking is a skill which was identified as lacking in re-
cent graduates [11], but critical to a strong employee [16]. This
importance is reflected in the position of this skill in our review.

Giinay et al. presents research on increased critical thinking in
software development students by delivering a capstone project
which requires development of a solution to a real world problem
which currently has no solution [15].

O’Neill and Hansen presents the re-design of a module to empha-
sise critical thinking by asking students to engage in analysis of a
problem through creation of computing artefacts such as data anal-
ysis, code or statistical analysis [35]. Of particular note is the use of
marking rubrics, which specifically reflect the level of competence
demonstrated in skills such as analysis.

Rubrics are particularly useful for assessment of graduate skills
such as this given their descriptive nature which allows behaviours
to be described rather than relying on technical or otherwise func-
tional elements for students to achieve. Raj et al. also propose
rubrics as helpful for measuring competencies which align with
the terminology of graduate skills such as interpersonal commu-
nication [38]. Other examples include work by Cicek et al. where
the development of a number of rubrics which assess graduate
attributes within an engineering curriculum [7].

An additional mechanism which aids in critical thinking and
is well documented in computing education is peer review. It has
often been used for code review (see [40] for a review) but also for
other areas within computing (e.g. cyber security [22]).

5.4 Marking Rubric Examples

Having identified mechanisms to incorporating graduate attributes
into assessment within computing science, we now present ex-
amples of marking rubrics which demonstrate one approach to
evidencing these. 3 provides an example of a rubric which aims
to reflect levels of achievement of professionalism for a capstone
undergraduate project.

4 provides a subset of the marking scheme for a 4th year under-
graduate exercise focused on analysis of a real world case study
which demonstrates how a lack of inclusivity in the development
of software systems can impact society. In particular, the criteria
of problem recognition and understanding of social impact aligns
with the global citizenship theme. It also provides an example of
incorporating critical analysis, as students were expected to cri-
tique sources of information e.g. where sources were unreliable, or
inaccurate in their assessment of the incident. It should be noted
that this type of exercise can be challenging for students who have
more experience of coding and technical exercises. As such, it is
important to scaffold their learning to enable them to understand
what is being asked of them before tackling the assessment. This
could be achieved in a number of ways, e.g. critique of a submission
from previous cohorts.
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Classification
Fail (<40%)
3rd (40-49%)

Descriptor

Student did not engage with the supervisor.
Student’s engagement with the supervisor is likely
to have been limited. They are unlikely to have
taken responsibility for the project, and have
demonstrated limited professional characteristics.
They have likely mismanaged their time, e.g. result-
ing in a last minute rush to write the dissertation
or implement their project.

Student has engaged with the supervisor in a satis-
factory manner. There is significant room for im-
provement. For example, they could seek the su-
pervisor’s advice more, arrive on time to meetings,
initiate more discussion and take more responsibil-
ity for their project.

Student engaged with the project and supervisor
in a mostly professional manner. They were gen-
erally dedicated to their work and approached
many aspects in a methodical and thorough man-
ner. The student demonstrated that they were self-
motivated and could took initiative in their own
work.

Student engaged with the project and supervisor
in a highly professional manner. They were dedi-
cated to their work and approached all aspects in
a methodical and thorough manner. The student
demonstrated that they were self-motivated regu-
larly demonstrated strong initiative in their own
work.

Table 3: Demonstrates classification descriptors for student
professionalism within a capstone project

2:2 (50-59%)

2:1 (60-69%)

Tst (70-100%)

6 CONCLUSION

In this paper we have presented a thematic analysis of graduate
attributes of Russell Group Universities. From this, we identified 19
graduate attribute themes, which we categorised into three areas;
hard skills, soft skills and personal qualities. We also explored the
literature and presented a range of techniques to incorporate the
top three most frequent graduate attribute themes (professional
practice, global citizenship and critical thinking) into computing
science curricula.

It is clear from this review, that graduate attributes are a key
element of computing science degrees. The challenge lies in ensur-
ing students recognise the value in developing these skills. Whilst
we may not be able to ensure appreciation of these skills, we can
encourage engagement by use of assessment rubrics which explic-
itly incorporate the themes. Three of the most common graduate
attributes were examined in more depth, with an initial proposal
for incorporating these attributes into a rubric.

It is worth noting there are some potential limitations of this
work. It is possible some Universities were identified as having no
graduate attributes if they were not shown on a public website.
The work also only focuses on Russell Group Universities as a
starting point, and thus frequencies when expanding to examine
more Universities may be different.

The planned next steps involve developing these approaches fur-
ther, and establishing practice for the remaining graduate attributes.
These will then be combined into a framework which computing
science educators can use to design assessment incorporating any
skills identified through this analysis. It is also planned to survey
computing science student perceptions of these skills, and how
they are developed within different institutions, as well as trying
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Criteria 1 Point 2 Points 3 Points 4 Points 5 Points
Problem Minimal Weak Identification Very good | Excellent
Recogni- | recogni- under- of prob- | identifi- identifi-
tion and | tion and | standing lem and | cation cation
Under- under- of the | related of the | of the
standing standing problem under- problem problem

of Social | of  the | given the | standing given the | given the

Impact problem context of | is good, | context. context of
and its | the case | there are | Verygood | the case
impact on | study. likely 1 | under- study.
society. Minimal or 2 sig- | standing Strong

identifi- nificant of  the | under-
cation of | areas for | problem, | standing
concerns | improve- | likely of  the
and im- | ment. one or | problem
pact on two small | given the
society. areas for | context of
improve- | the case

ment. study.
Excellent

under-

standing
of the key
concerns
and im-
pact on
society as
well as a
reflection
on how

such

issues
can  be

avoided.

Critical Minimal Adequate | Good Very good | Excellent

Analysis evidence | demon- demon- demon- demon-
of critical | stration stration stration stration

and inde- | of critical | of critical | of critical | of critical

pendent and inde- | and inde- | and inde- | and inde-
thought pendent pendent pendent pendent

as ap- | analysis. analysis, analysis. thought,

plied to but it | Could be | no room
the case is likely | improved | for

study. limited slightly improve-

to one | in one or | ment in
or two | twosmall | the given
aspects. areas. context.

Table 4: A rubric reflecting global citizenship

to established the effectiveness of including such skills explicitly in
assessment.
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