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ABSTRACT

Academic research in computer & information science (CIS) has
contributed immensely to all aspects of society. As academic
research today is substantially supported by various government
sources, recent political changes have created ambivalence
amongst academics about the future of research funding. With
uncertainty looming, it is important to develop a framework to
extract and measure the information relating to impact of CIS
research on society to justify public funding, and demonstrate the
actual contribution and impact of CIS research outside academia.
A new method combining discourse analysis and text mining of a
collection of over 1000 pages of impact case study documents
written in free-text format for the Research Excellence
Framework (REF) 2014 was developed in order to identify the
most commonly used categories or headings for reporting impact
of CIS research by UK Universities (UKU). According to the
research reported in REF2014, UKU acquired 83 patents in
various areas of CIS, created 64 spin-offs, generated £857.5
million in different financial forms, created substantial
employment, reached over 6 billion users worldwide and has
helped save over £1 billion Pounds due to improved processes etc.
to various sectors internationally, between 2008 and 2013.

CCS Concepts

CCS — Social and professional topics - Computing/
technology policy — Government technology policy —
Governmental regulations

Keywords
research impact; research funding; computer science; information
science

1. INTRODUCTION

Public education and research is generally supported by
governments with tax-payers’ money and different types of
funding agencies for the welfare of modern society. Welfare
includes economic benefits in the form of revenue and jobs,
societal benefits in the form of improved quality of life and
knowledge creation.
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Additionally, academic impact is demonstrated in the form of
advancing scientific research resulting from research support.
Recently, there has been an increased interest in measuring the
impact of scientific research at higher education institutions
(HEIs), resulting in various metrics and methodologies. Metrics
such as the h-index measures an individual academic’s impact
based on the number of publications and citations, the journal
impact factor rates the quality of a journal, hence helps
researchers in deciding their medium of research communication.
Whole new areas of study i.e. Scientometrics and Bibliometrics
have resulted from the yearning to measuring scientific impact.
Additionally, these metrics are now known to be used to decide
tenure and research funding etc. [1, 2, 4, 5, 7, 26, 43]. Impact
assessment of academic research is now in operation in countries
i.e. the United Kingdom, the Netherlands, the USA and Australia
[11, 31, 39]. Impact assessment involves both qualitative and
quantitative assessment. Qualitative assessment involves a panel
of experts evaluating documented evidence from HEIs and
quantitative assessment involves numerically analysing metrics
indicating several impact possibilities and scientific outputs as a
result of research [41]. The results of this impact evaluation lead
to the award of performance based funding allocations to HEIs.
As measuring impact is relatively a new measure, without definite
guidelines [24, 40], the universities were free to describe any kind
of impact generated as a result of their research, hence, leading to
large amounts of unstructured text data, as seen in the REF 2014.
This research aims to answer the following questions through a
combination of discourse analysis and text mining of the impact
case studies submitted by UKU to the REF 2014: (a) what are the
key measures of impact of CIS research outside academia and
how can these be assessed? (b) How to extract information
relating to the key areas of impact from a large volume of
unstructured text which has been written in free text form by
various universities? (c) What is the impact of CIS research in the
UK as reported through the impact case studies in REF2014 to
justify public funding?

1.1 Impact of academic research

The nature of research is a rigorous time-consuming process
consisting of identifying the problem, a detailed review of
literature surrounding the topic, defining aims and objectives,
develop a precise methodology, finally, collecting, analysing and
interpreting the data. Measuring the impact of academic research
began with the Science Citation Index and became academically
prominent with the launch of various citations measuring
applications i.e. Web of Science, Scopus and Scholar, in addition
to the h-index, which measures an individual academic’s
contribution to in the form of research output citations [3, 20, 27].



However, there is a general debate about the effectiveness of such
metrics-based systems [15], and researchers suggest several
methods of alternative measures in the form of Altmetrics,
readership, web impact, and recommendation based metrics etc. to
counter the unfavourable comments on the metric based research
measurement [14, 22, 23, 28]. The Leiden Manifesto states the ten
principles of best practices in the assessment of research based on
metrics, for the development of science in general and how it
justifies its role in society [18]. Measuring the societal impact of
academic research basic to justifying funding for research and
there is a need to qualitatively and quantitatively simplify the
measuring process for decision makers [4]. Consequently,
governments and organisations began to argue for demonstrating
the societal contributions of academic research, which is evident
from the inclusion of measuring the social impact of research in
research assessment exercises in various countries i.e. REF,
STAR Metrics, RAE and ERA [2, 4, 10, 11, 13, 16, 25].

1.2  Contribution of
Information Sciences

Computer and

Every aspect of everyday modern human life constitutes of some
application of CIS, be it occupation, family, leisure, health and
communication etc. CIS is evolving into a computationally
intensive field implementing large quantities of data feeding from
diverse networks to perform various tasks. Improving data-driven
services fetches £5.40 for every £1 spent according to UK
government, yielded £796 billion against an investment of £3.8
billion within US Human Genome Project, an additional $1
trillion return for the $9.1 billion investment in the genomics
research, increased reliance on data helpful in making
fundamental discoveries in science and encourages an open data
platform for public use [30]. Governments around the world have
noticed the shift in technological paradigm and are allocating
necessary resources right from the grassroots level. For example,
in 2016 the US government launched the Computer Science For
All initiative, consisting of $4 billion for the 50 states, $100
million to school districts and $135 million to the National
Science Foundation (NSF) to future-proof the country’s human
computational skill competencies [38], in addition to the 3.5%
increase in the NSF’s general allocation for CIS to $954 million
[36]. The UK Government recently pledged £17 million to the Al
sector as it was estimated to feedback £650 billion to the UK’s
economy by 2035 [9]. Similarly, various countries around the
world are following suit with the projection of more than 50% of
all Science, Technology, Engineering and Mathematics (STEM)
jobs will be within the CIS realm [37, 38]. Despite the assurance,
recent political events and, a looming funding crisis have created
an environment of uncertainty for researchers with regards to the
availability of research funding, especially in the UK [8, 12, 21,
34, 35]. Hence, there is a need to firmly establish the contributions
made by CIS researchers at UKU to UK society. The recent REF,
which concluded in 2014, offers a small yet focussed perspective.

1.3 UK Universities and REF 2014

Like in any other countries, HEIs play an essential role in UK
society. According to a latest Universities UK report, the UK HE
sector contributed £39.9 billion, equivalent to 2.8% of the UK’s
gross domestic product (GDP), and employed 757, 268
individuals in 2011 (Universities UK, 2015). According to the
Higher Education Statistics Agency [17], a typical UK HEI’s
revenue break-down is as follows: 35% tuition fee, 30% funding
council grants, 16% research grants and contracts, 1% from
endowments/ investment income, and 18% from other sources i.e.

alumni donations etc. [17]. Visibly, a large portion of revenue for
the HEIs come from the funding councils, which generally award
the funding based on performance, thus making research
evaluation and the financial returns of research conducted an
important question for academia to inquire. The REF is the UK’s
national research assessment exercise which awards funding to
UK’s HEIs based on their quality of research, jointly conducted
by Higher Education Funding Council of England (HEFCE) and
Wales (HEFCW), the Scottish Funding Council (SFC) and the
Department for Employment and Learning (DEL) of Northern
Ireland [31]. An HEI’s REF ratings are known affect funding
acquisition capabilities, league table scores, reputation and
attracting talent [42]. The recent REF exercise assisted in the
yearly disbursal of £1.6 billion per year of performance based
research funding to UK based higher education and research
institutions until the next such exercise, possibly commissioned
for 2021. The submission process involved HEIs choosing the
fields of research (called Units of Assessment/ UoAs) out of the
available 36 UoAs, which they wished to be evaluated upon and
prepare their submission in a prescribed format. Subsequently, the
submissions were evaluated by 1052 individuals, out of which
77% were academics and 23% were users (individuals who apply
HEI research and collaborators outside academia), under the
guidance of 36 expert sub-panel chairs, additionally supported by
four main panel chairs to evaluate and determine the quality of
research [31].

Research was adjudged into five categories; 4* (world leading),
3* (internationally excellent), 2* (recognised internationally), 1*
(recognised nationally) and unclassified [31]. The overall quality
of research was assessed through a combination of quality of
research outputs (65% weightage) in terms of rigour, originality
and significance; ‘impact’ of research (20% weightage), a new
factor introduced in REF evaluation, assessing the ‘reach and
significance’ of research on multiple societal factors; and research
environment (15% weightage), in terms of ‘vitality and
sustainability’ i.e. PhD completions, laboratory facilities and
wider disciplinary contributions [31]. Assessment of impact
costed the UK government £55 million out of the total £212
million expenditure on the REF and led to the disbursal of £320
million to UK HEIs [6, 40]. CIS chiefly came under UoA 11, and
89 HEIs submitted 280 impact case studies for the REF, A recent
report which has utilised REF’s CIS impact case study
submissions as a case study, indicates that research at UKU in the
2008-2013 period had resulted in creation of spin-offs, patents,
employment and a generated income of approximately £470
million [19]. However, the report does not state the research
methods used, nor does it comprehensively state areas of impact,
human reach, income from all the possible streams and saved
expenditure etc. As it has become vital to comprehensively inform
the public and the government regarding the impact of CIS
research in academia, a text mining operation was performed on
the impact case studies, leading to a larger picture than initially
revealed.

1.4 Challenge of finding impact in the impact
case studies

Each impact case study was between 4 to 5 pages and each UKU
had to follow the template as shown in Table 1. In total, there
were over 1000 pages of unstructured textual data (roughly 37.2
megabytes) that had to be analysed to retrieve impact data. The
real challenge the dataset posed was the unstructured nature and
various standards in the use of language and impact descriptions



written by UKU. As the REF 2014 was the first time that impact
of research at UKU was evaluated, the universities did not possess
sufficient experience and guidance to communicate impact.
Evidently from table 1, specific measures of impact were not
provided as part of the template, so it was up to the submitting
institutions to decide what to include in the impact case studies.
Consequently, several UKU went to the extent of hiring specialist
writers to write their impact case studies, additionally, the UKU
had a free reign to describe whatsoever they felt their research had
an impact on, with reasonable evidence. Reviews of the REF 2014
has indicated this as an area of improvement and suggested the
Higher Education Funding Councils in the UK to provide better
guidance to UKU [24, 40]. The unstructured nature of language
and varying standards of writing in the impact case studies led to
the third question; (c) How to effectively identify impact elements
in large quantities of text? A combination of manual and
automated processing of the impact case studies, further described
in the Methodology was applied to overcome the challenge of
making sense of various impact elements and further text mining
of the identified keywords led to giving an overview of various
contributions made by CIS research at UKU.

Table 1. Template of impact case studies

1. Institution

2. Unit of assessment

3. Title of case study

4. Summary of impact (indicative max. 100 words)

5. Underpinning research (indicative max. 500 words)

6. References to research (indicative max. of six
references)

7. Details of impact (indicative max. 750 words)

8. Sources to corroborate impact (indicative max. of 10
references)

2. Methodology

All the impact case studies submitted under the UoA 11 were
downloaded from the REF 2014 website, which are publicly
available here. Only 248 impact case studies were available out of
the 280 submitted and it is believed that the 32 impact case studies
are censored due to confidentiality issues, as the REF permits
confidential submissions [31]. Additionally, it is important to
inform that library and information management was separately
allocated under UoA 36 (Communication, Cultural and Media
Studies, Library and Information Management). Hence it was
difficult to establish the exact field which they contributed
towards. Therefore the impact case studies submitted under UoA
36 were not considered for the analysis. It is also important to
note that the number of impact case study submissions was
restricted to number of staff submitted for the REF evaluation
under a specific unit of assessment as listed in Figure 1.
Therefore, it is important to keep in mind that the contributions
listed in the REF are limited, but in reality the impact could have
been much more than what was reported in the REF. UKU chose
the best impact case studies for REF submission which
demonstrated a wider social and economic impact from a pool of
impact case studies originally created.

Number of Category A
staff submitted (FTE)

Required number of
case studies

Up to 14.99 2
15 — 24.99 3
25 — 34.99 “4
35 — 44.99 5

S plus 1 further case study

45 or mors per additional 10 FTE

Figure 1. No. of impact case studies required in REF 2014 [40]

The 248 impact case studies were classified by the submitting HEI
and were separately uploaded to Nvivo 10, a qualitative data
analysis software widely used by researchers. Initially, all the case
studies were manually read to understand the format of writing as
the impact case studies were written by various HEIs and it was
found that the writing standard varied greatly, hence various
keywords indicating the a specific impact area were chosen for
text mining as listed in table 2. An example of the variations in
writing is shown in Figure 2.
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Figure 2. Variations in writing the impact case studies

UKU chiefly reported regarding the commercialisation of their
research, patents filed, economic benefits in the form of income
and social benefits in the form of user reach, employment and
reach etc. as impacts as a result of their result. Additionally, the
initial reading greatly helped in understanding the various themes
of impact generated by the HEIs in various forms. Next, a text
search query built into Nvivo 10 was run using each keyword in
table 2 on each of the uploaded impact case studies and the
retrieved results were based on the generalisability of the
keywords. For example, searching for the word sport will retrieve
words which hold a more general meaning i.e. sport, sporting,
play, recreation etc [29]. The process was repeated for each
keyword. All the retrieved references to the keywords were
manually analysed and corresponding information was entered
into MS Excel for aggregation. The aggregated data was
subsequently computed to attain the findings. A detailed
description of the methodology is described in figure 3.


http://impact.ref.ac.uk/CaseStudies/Results.aspx?UoA=11

Table 2. Impact area and chosen keywords for text mining

Impact area Keywords

Patent Patent, patents

Economic and Social Pounds, dollars, euros £, $, €, hundred,
thousand, million, billion, Ok (zero k),
save, reduce, grant, users, subscriber,
page hits, viewers, licence(s),
engagement, employment, reach, jobs,
customer, created, invent, efficient,
discover, developed, patients, code

Commercialisation Spin-out, spin-off, spinout, spinoff

As no specific categories of themes of impact were suggested in
the guidelines, the submitting UKU had the freedom to mention
what they thought had had an impact. Hence, the research also
aims to identify commonly mentioned themes. Additionally, the
information retrieved was verified manually for duplication,
ensuring that the impact elements were computed just once.
Income stated in different currencies in the impact case studies
was standardised to GBP (£) using XE Currency Converter.
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Figure 3. Methodology adopted to identify impact

3. Findings and discussion

3.1 Framework to measure impact

Although various funding bodies persuaded researchers and
institutions to demonstrate the wider social impact of research
beyond academia, no specific framework or template has been
proposed for capturing data on such impact, which means, there is
a need for the framework. In the absence of an agreed framework,
it becomes difficult for institutions and researchers to demonstrate
impact of their research. The REF 2014 panel summary reports of
UoA 11 and UoA 36 indicated that the impact of CIS research
underpins all human activity, particularly in creating economic
impact, influencing policy, preservation and conservation,
creating novel technologies, improving public engagement and
services etc [32, 33]. The panels had generally favourable reviews
for the quality of CIS research at UKU. However, when reviewing
the impact case studies, the panels indicated the difficulty in
understanding impact created on society by a particular research

due to underreporting, especially in provision of information
relating to evidence, user benefits, impact, and knowledge transfer
[32, 33]. Therefore, an impact capturing mechanism to
comprehensively capture research impact should be established
due to the role of the captured information as an informant to
funding.

Bringing together all the findings, this research was primarily
able to identify the different themes of impact created by CIS
research at UKU, namely; patents, economic impact, social
impact and commercialisation. Under each theme there were
several types of contributions made, chiefly under economic and
social impact i.e. employment, income and reach of research as
suggested by UKU. As the findings indicate the exact
contributions made by CIS research at UKU, it is beneficial to
build a framework through which one can measure impact of any
CIS research. As stated earlier, the inadequacy of guidelines
regarding communication of impact led to misunderstandings and
under-reporting of impact. Additionally, administering the impact
element of the REF 2014 costed the tax-payer £55million. This
research suggests a framework which can comprehensively
capture the impact in CIS and simplifies administration. Table 3 is
an example of such a template, which comprehensively captures
all the impact information created by CIS research, which could
potentially be adapted and utilised in other disciplines. Table 4
consists of an example to describe the impact of a particular
research. The first column describes the title of research and the
second column consists of the general themes of impact.
Recording the patents can be done under ‘No. of patents’, against
which the universities will have the opportunity to describe which
area of CIS is the patent contributing, in addition to the field of
application. The template describes two patents being created as a
result of research and the patents fell under the area of Al and
information retrieval, additionally finding application in education
and astronomy. Similarly the universities will describe if their
research had led to creation of spin-offs, subsequently giving
information on contributing areas.

The template gives an example of context 1 leading to the creation
of a spin-off in the Al and finding application in education. The
first two sections capture the inter-disciplinary nature of CIS
research. Further, the template captures information on the income
generated by the research in the forms of income from various
places, grants, capital raised (by spin-off or any other source) and
sales generated by the sale of any software created. The template
gives an example of context 1 leading to the creation of a product
whose sales fetched the university £10000. Further, the template
records information about how development of any processes led
to saving in expenditure. The template gives an example of the
both the contexts saving £108 for the public and private sector.
Finally, the template captures information with regards to social
impact. In this example, context 1 had created 14 jobs, trained 500
school children for free on a specific software and sold 1008
licences; and context 2 had created 1 million lines of code which
was used by the astronomy community leading to the discovery of
a planet. Finally, researchers are also requested to provide
additional information regarding their research in the sections
provided. Hence, the template captures all the impact information
which academics think is a result of their result, outside academia.



Table 3. Suggested template to measure impact of research in academia

No. of Patents CIS area? Application area? Additional notes:
1
2
No. of Spin-off CIS area? Application area?
1
2
Income Total domestic | Total international income Grants received Capital Sales
generated income raised/
acquisition
Title of | 1
research
2
Expenditure Public Private expenditure Additional Notes:
saved expenditure
Context 1
Context 2
Social impact No. of  jobs | No. of lives benefitted in any | Code contribution Licences sold | Leading to discoveries
created form (training, saving lives, | (GitHub uploads
environment etc) etc)
Context 1
Context 2
Table 4. Example template to measure impact of research in academia
No. of Patents CIS area? Application area? Additional notes:
Context 1 Artificial intelligence Education
Context 2 Information retrieval Astronomy
No. of Spin-off CIS area? Application area?
1 Artificial intelligence Education
Income generated | Total domestic income | Total international income Grants received Capital raised/ | Sales
acquisition
Context 1 £10000
Title of Context 2
research
Expenditure Public expenditure Private expenditure Additional Notes:
saved
Context 1 £108
Context 2 £108
Social impact No. of jobs created No. of lives benefitted in any form | Code contribution Licences sold Leading to discoveries
(training, saving lives, | (GitHub uploads
environment etc) etc)
Context 1 14 500 school children trained - 1008
Context 2 - 150 astronomers used the code 1 million lines of 1 planet found.
code




3.2 Impact of CIS research as reported in
REF2014

3.2.1 Patents

In the 2008-2013 period, UKU acquired 83 patents in different
areas of CIS and found application in various fields as graphically
presented in Figure 4. The highest numbers of patents were
acquired in the field of designing algorithms for the purpose of
drug discovery and database querying to analyse large data
sources. Similarly, the findings also indicate that patents being
acquired for novel methods in computing for security
surveillance, digital imaging, machine learning, soft/hardware
design and digital communities.

Additionally, patents were also acquired by the creation of novel
computing concepts, query languages, network optimisation and
security, augmented reality and assistive technologies. Also
considering that the 248 case studies are only a handful selected
by the UKU for submission and discounting of UoA 36 for the
current analysis, the number of patents acquired could potentially
be higher than found by this research.
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Figure 4. The number of patents in different fields acquired
by UK Universities as a result of CIS research in the 2008-
2013 period

3.2.2 Spin-offs

Most UKU are encouraging the commercialisation of knowledge
acquired through academic research and build strong connections
with industry. The findings suggest that UKU were had created 64
spin-offs as a direct result of their result and some of the spin-offs
are a direct result of the patents acquired by the institutions. In
fourteen cases, the acquisition of patents led to the creation of 40
spin-offs in different fields of CIS, having a wide range of
applications in medical imaging to investment banking. The spin-
offs also resulted in large amounts of income in several forms i.e.
grants, acquisition of spin-offs, sale of products/ licenses,
contracts and consulting activities. The highest number of spin-
offs were created in the image processing area, which saw health,
manufacturing and agricultural applications.
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Figure 5. Different fields where spin-offs were created by CIS
research at UK Universities in the 2008-2013 period

Spin-offs also led to the creation of significant employment in
multiple industries, however, the exact figure was difficult to
attain due to complexity in the processes of take-overs.
Employment creation was estimated by a chartered institute at
1900 [19]. A complete list of spin-offs created in different fields
of CIS is available in Figure 5. Also considering that the 248 case
studies are only a handful selected by the UKU for submission
and discounting of UoA 36 for the current analysis, the number of
spin-offs incorporated could potentially be higher than found by
this research.

3.2.3 Income

As stated earlier, income was generated by the UKU through
several forms totalling up to £857.5 million against different
forms of private and public investment between 2008 and 2013.
The income standard with regards to currency stated by UKU in
the impact case studies varied significantly, and a closer look
demonstrated that the income had come from various parts of the
world, indicating global reach of UKU research. Income was
chiefly generated by the creation of algorithms/software for
investment banking, assistive technologies, image/speech/audio-
visual processing, sale of licenced softwares in scientific



computing, 3d computer graphics, simulation and modelling, and
drug discovery. Additionally, it is important to note that the total
income stated is only from 28 impact case studies out of the 248.
This is due to the various impact case studies demonstrating
impact in different ways, however, in reality a financial element is
definitely attached to any type of impact. Also considering that
the 248 case studies are only a handful selected by the UKU for
submission and discounting of UoA 36 for the current analysis,
the generated income could potentially be higher than found by
this research.

3.2.4 Saving expenditure

The findings indicate that CIS research at UKU had helped to
save over £1 billion in expenditure for general public, government
and private organisations. The main beneficiary in this segment
was the UK’s National Health Service (NHS), which reportedly
saved £513.5 million as a result of implementation of an efficient
spending tracking system, implementation of a clinical
management system for stroke patients and optimisation of paired
kidney tracking. These implementations are a result of creating
optimised algorithms in Al to track potential donors, clinical
management and a clinical finance management tool. Other
notable mentions are: (a) saving £230 million for the UK rail
industry by the creation and application of an optimised
scheduling system (b) £25 million for UK’s automobile users
through reduced manufacturing costs as the result of modelling a
visual manufacturing process and (c) $2.52 million for the Ford
Motor Company by implementing an automated design analysis
and diagnostic method. Additionally, a few of the institutions
stated that they had several millions of Pounds for the oil & gas
industry, and partner organisations, however the figures were not
explicitly mentioned apparently due to privacy concerns. Also
considering that the 248 case studies are only a handful selected
by the UKU for submission and discounting of UoA 36 for the
current analysis, the expenditure saved for the public, government
and private organisations as a result of UKU’s CIS research could
potentially be higher than found by this investigation.

3.2.5 Reach

CIS research at UKU had a reach of over 6 billion individuals
worldwide in the form of page hits, TV viewership, licenses, users
of specific softwares/digital services for various purposes,
creation of middleware, policy changes and enrolment etc. Page
hits concentrated in the communication of process architecture,
provision of world’s species conservation data and provision of
healthcare information. Additionally, considerable efforts were
made in digitising cultural heritage through the Europeana project,
digitally linking 1 million archaeological archives, teaching
computer programming for approximately a million students
worldwide, persuading the UK government to invest £35 million
in the robotics sector, citizens enrolling in national ID programs
through iris recognition, accurate diagnosis of specific medical
conditions, worldwide adoption of asynchronous circuits for
improved process modelling and shaping the air traffic policy of
Europe for safer flights etc. The reach is projected to be
considerably larger when other case studies written by UKU and
UoA 36.

3.2.6 Code Contribution

CIS research at UKU had also been instrumental in the
contribution of 268 million lines of code for various applications.
Notably, (a) 250 million lines of code was contributed towards the
general automation software design and verification process, (b)

15 million lines of assembler code was contributed for software
migration processes, and (c) 2 million sequence lines of code was
contributed towards the management and integration of larger
scale life science data. Again, the miscellaneous contributions
could be higher when UoA 36 and unelected impact case studies
from UKU are considered.

4. Conclusion

This study has shown that it is possible to develop a framework to
measure and communicate the impact of research in CIS. Pending
any framework or template reporting impact in the REF 2014, a
new methodology had to be developed, combining discourse
analysis and text mining. Our findings indicate that it is possible
to develop a template to report the impact.  Additionally, the
study (a) a future direction in the documentation for measuring
impact of CIS research in the UK, (b) can also lead to a similar
study in other disciplines, using the methodology developed here
that may give rise to a different framework for measuring impact
in different disciplines, and (c) has identified the categories and
extent of contribution of CIS research at UKU including, 83
patents, 64 spin-offs, over £850 million in income, in addition to
saving the public and private sector over £1 billion and reaching
out to over 6 billion individuals around the world. The findings
will provide a positive perspective towards CIS research in public
view.

S. Further statements
This research did not require any ethics approval and did not
receive any funding. The authors declare no competing interests.

6. References

[1] Abbott, A., Cyranoski, D., Jones, N., Maher, B., Schiermeier,
Q. and Noorden, R. 2019. Metrics: Do metrics matter?. Nature.
https://www.nature.com/articles/doi:10.1038/465860a

[2] Abramo, G. and D'Angelo, C. 2015. The VQR, Italy's second
national research assessment: Methodological failures and ranking
distortions. Journal of the Association for Information Science
and Technology 66, 11, 2202-2214.

[3] Bar-Ilan, J. 2007. Which h-index? — A comparison of WoS,
Scopus and Google Scholar. Scientometrics 74, 2, 257-271

[4] Bornmann, L. 2012. Measuring the societal impact of
research. EMBO reports 13, 8, 673-676.

[5] Bornmann, L. 2012. What is societal impact of research and
how can it be assessed? a literature survey.Journal of the
American Society for Information Science and Technology 64, 2,
217-233.

[6] Chowdhury, G., Koya, K. and Philipson, P. 2016. Measuring
the Impact of Research: Lessons from the UK’s Research
Excellence Framework 2014. PLOS ONE 11, 6, e0156978.

[7] Costas, R. and Leeuwen, T. 2012. Approaching the “reward
triangle”: General analysis of the presence of funding
acknowledgments and “peer interactive communication” in
scientific publications. Journal of the American Society for
Information Science and Technology 63, 8, 1647-1661.

[8] Czerski, H.. 2019. Helen Czerski: ‘Physics isn’t all quantum
weirdness. It’s about daily life’. the Guardian.
https://tinyurl.com/z9mvt3b

[9] Department of Culture, media and Sport. 2017. £17 million
boost for the UK's booming artificial intelligence sector.
2019. GOV.UK. https://tinyurl.com/gwstl6j


https://www.nature.com/articles/doi:10.1038/465860a
https://tinyurl.com/z9mvt3b
https://tinyurl.com/gwstl6j

[10] European Commission. 2015. Study on Open Science-
Impact, Implications and policy options. Available at
https://tinyurl.com/y3jyjcdz

[11] Excellence in Research for Australia. 2017. About
Excellence in Research for Australia.  Available at
https://tinyurl.com/yysmb7pn

[12] Fazackerley, A. 2017. What would happen if a UK university
went bust? The Guardian. Available at https://tinyurl.com/j82uytu
[13] Garcia, J., Rodriguez-Sanchez, R. and Fdez-Valdivia, J.
2014. Social impact of scholarly articles in a citation
network. Journal of the Association for Information Science and
Technology 66, 1, 117-1217.

[14] Haustein, S. (2014). Beyond bibliometrics: harnessing
multidimensional indicators of scholarly impact. 2014. Choice
Reviews Online 52, 04, 52-1729-52-1729.

[15] Moed, H. 2007. UK Research Assessment Exercises:
Informed judgments on research quality or
quantity?. Scientometrics, 74, 1, 153-161.

[16] Moed, H. F., & Halevi, G. 2015. Multidimensional
assessment of scholarly research impact. Journal of the
Association for Information Science and Technology, 66, 10,
1988-2002.

[17] HESA. 2013. Finance Plus 2011-2012; 2013 Cheltenham:
HESA

[18] Hicks, D., Wouters, P., Waltman, L., De Rijcke, S., & Rafols,
I. 2015. The Leiden Manifesto for research metrics. Nature, 520,
7548, 429.

[19] Hill, N. 2016. The impact made by UK academic computer
science research. Report commissioned by CPHC, UKCRC and
BCS. Available at https://tinyurl.com/yxhgpx;j8

[20] Hirsch, J. E. 2005. An index to quantify an individual's
scientific research output. Proceedings of the National academy of
Sciences of the United States of America, 16569-16572.

[21] Kelly, U., McNicoll, 1., & White, J. 2014. The impact of
universities on the UK  economy. Available  at
https://tinyurl.com/y6nvpbto

[22] Kousha, K., & Thelwall, M. 2014. 15 Web Impact Metrics
for Research Assessment. Beyond bibliometrics: Harnessing
multidimensional indicators of scholarly impact, 289.

[23] Kurtz, M. J., & Henneken, E. A. 2014. 13 Finding and
Recommending  Scholarly  Articles. Beyond  bibliometrics:
harnessing multidimensional indicators of scholarly impact, 243.
[24] Manville, C., Guthrie, S., Henham, M. L., Garrod, B., Sousa,
S., Kirtley, A., ... & Ling, T. 2015. Assessing impact submissions
for REF 2014: An evaluation. Prepared for HEFCE, SFC,
HEFCW and DEL-March.

[25] National Science Foundation. 2014. Perspectives on broader
impact. Available at https://tinyurl.com/y42sk2ys

[26] Niederkrotenthaler, T., Dorner, T., & Maier, M. 2011.
Measuring impact of research on society. Nature, 469, 7328, 34-
34,

[27] Oppenheim, C. 2007. Using the h-index to rank influential
British researchers in information science and
librarianship. Journal of the Association for Information Science
and Technology, 58, 2, 297-301.

[28] Priem, J. 2014. Altmetrics. Beyond bibliometrics: Harnessing
multi-dimensional indicators of performance, 263-287.

[29] QSR International. 2016. Understand text match settings.
Nvivo 10 for Windows. Available at https://tinyurl.com/yxvh2za7
[30] Research Data Alliance. 2014. The Data Harvest. Available
at https://tinyurl.com/yy423edg

[31] Research Excellence Framework. 2014. About the REF.
Available at http://www.ref.ac.uk/about/

[32] Research Excellence Framework. 2015. Research Excellence
Framework 2014: Overview report by Main Panel B and Sub-
panels 7 to 15. Available at https://tinyurl.com/y26fzcvy

[33] Research Excellence Framework. 2015. Research Excellence
Framework 2014: Overview report by Main Panel D and Sub-
panels 27 to 36. Available at https://tinyurl.com/k44b2tg

[34] Sample, 1. 2016. Brexit would threaten world-class British
research, major reports warn. The Guardian. Available at
https://tinyurl.com/gqv9hSr

[35] Sample, I. 2016. UK scientists dropped from EU projects
because of post-Brexit funding fears. The Guardian. Available at
https://tinyurl.com/j26xggo

[36] Scott, A. & Smith, T. 2016. The President’s FY 2016 Budget.
American Association for the Advancement of Science. Available
at https://tinyurl.com/y6ycewg4

[37] Shadbolt, N. 2016. Shadbolt review of computer sciences
degree accreditation and graduate employability: April 2016.
Available at https://tinyurl.com/yy7gx43m

[38] Smith, M. 2016. Computer Science for All. The White House
Blog. Available at https://tinyurl.com/y8d5zfpr

[39] STAR Metrics. 2017. About STAR Metrics. Available at
https://www.starmetrics.nih.gov/Star/About

[40] Stern, N. 2016. Lord Stern’s review of the Research
Excellence Framework: call for evidence. Available at
https://tinyurl.com/y4kllzxy

[41] Sutherland, W. J., Goulson, D., Potts, S. G., & Dicks, L. V.
2011. Quantifying the impact and relevance of scientific
research. PLoS One, 6, 11, €27537.

[42] The Complete University Guide. 2016. Methodology in
building the league tables for UK Universities. Available at
https://tinyurl.com/y24k8wb8

[43] Wilsdon, J., Allen, L., Belfiore, E., Campbell, P., Curry, S.,
Hill, S. & Hill, J. 2015. The metric tide: report of the independent
review of the role of metrics in research assessment and
management. Available at https://tinyurl.com/yy9dx29j


https://tinyurl.com/y3jyjcdz
https://tinyurl.com/yysmb7pn
https://tinyurl.com/j82uytu
https://tinyurl.com/yxhgpxj8
https://tinyurl.com/y6nvpbto
https://tinyurl.com/y42sk2ys
https://tinyurl.com/yxvh2za7
https://tinyurl.com/yy423edg
http://www.ref.ac.uk/about/
https://tinyurl.com/y26fzcvy
https://tinyurl.com/k44b2tg
https://tinyurl.com/gqv9h5r
https://tinyurl.com/j26xggo
https://tinyurl.com/y6ycewg4
https://tinyurl.com/yy7gx43m
https://tinyurl.com/y8d5zfpr
https://www.starmetrics.nih.gov/Star/About
https://tinyurl.com/y4kllzxy
https://tinyurl.com/y24k8wb8
https://tinyurl.com/yy9dx29j

	1. INTRODUCTION

