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Executive Summary
International Comparative 
Performance of the Welsh 
research Base 2013

Welsh research is of high quality and efficient.
►  With 0.14% of the world’s researchers, and 0.30% of 

the world’s published articles in 2011, Wales accounts 
for 0.49% of global citations, 0.70% of the top 1% 
highest cited articles, and 0.85% of all references to 
journal publications from patents. 

Wales punches well above its weight in terms of research 
income compared to research outputs, efficiency and 
impact.
►  Wales is more productive than the UK average when 

it comes to publications per researcher, but is outper-
formed on this indicator by Scotland. In terms of number 
of publications per researcher, in 2011 Wales is more 
productive (0.65) than the UK average (0.59) but sec-
ond to Scotland (0.77).

►  In terms of publications per unit of Gross Domestic Ex-
penditure on r&D (GErD 1), Wales is the most efficient 
constituent country in the UK for converting GErD into 
publications and one of the most efficient in the world 
for countries of a similar size in terms of population. 
however, this is heavily influenced by the decline in 
GErD that Wales has seen, from $949 million in 2009 
to $867 million in 2011.

►  In terms of publications per unit of higher Education 
expenditure on r&D, (hErD 2) Wales ranks second 
after New Zealand amongst comparator countries but 
ranks first in terms of Government expenditure on r&D 
(GOVErD 3).

►  Wales’ researcher population shows the lowest growth 
among similar sized comparator countries and within 
UK constituents as well as the lowest r&D intensity as 
measured by expenditure on r&D per GDp.

►  Therefore, the apparent efficiency of the Welsh 
research base can be attributed in large part to the 

overall (i) low and declining levels of Welsh GErD and (ii) 
relatively slow-growing researcher population.

Wales’ research results in field-weighted citation impact 
(FWCI) of 58% above world average.
►  Wales’ share of the top 1% highest cited articles is 

0.7%, which is over twice its expected share based on 
Wales’ overall publication share of 0.3%. 

►  In terms of top 5% highest cited articles, Wales outper-
forms many countries of similar sizes that have a larger 
number of researchers and greater spend on r&D.

►  When normalising citations for number of researchers 
and r&D spending, Wales again outranks the UK overall, 
although it remains second to Scotland. again, this is 
influenced by the decline in GErD mentioned previously 
and the relatively low growth in number of researchers. 

►  Field-weighted citation impact is a measure of mean 
citations per article, normalising for subject field, article 
type, and year of publication. Wales’ field-weighted 
citation impact, at 58% above world average in 2011, 
has increased at 2.26% compound annual growth rate 
between 2007 and 2011 and is approaching the UK. 
Furthermore, since the UK’s field-weighted citation im-
pact is only growing at 1.12%, Wales is likely to overtake 
the UK’s benchmark in the near future.

►  amongst comparator countries, Wales’ field-weighted 
citation impact is comparable to that of Norway and Fin-
land, and greater than that of New Zealand and Northern 
Ireland.

Researchers in Wales show the highest mobility among 
constituent countries.
►  Welsh research is mobile and international. Inflow 

researchers have a field-weighted citation impact over 
80% above world average, suggesting that Wales is an 

Elsevier has conducted a study to assess the relative comparative 
performance of the Welsh research base. The report was commissioned 
on behalf of Higher Education Wales, the Higher Education Funding 
Council for Wales, and the Welsh Government.

2



executive summary

attractive region for high quality researchers to relocate 
to.

►  The percentage of active researchers who have not 
published with affiliations outside Wales between 1996 
and 2011 is extremely low (at 11.8%), lower than that 
of Scotland at 14%, Northern Ireland at 16.8% or even 
England with 23.3%. 

►  Transitory researchers (researchers with short stays of 
less than two years in the country) comprise the largest 
group of researchers in Wales and are therefore critical 
to the Welsh research base. 

►  In particular, non-Welsh researchers with short stays 
in Wales produce high impact publications with field-
weighted citation impact at 75% above the world 
average. It is therefore important to continue to enable 
these short research-stays within Wales, as they have a 
beneficial effect on Wales’ citation impact overall.

Welsh researchers collaborate internationally more fre-
quently than those in other UK constituents.
►  The percentage of Wales’ articles resulting from interna-

tional collaboration has increased from 44.7% in 1997-
2001 to 60.5% in 2007-2011.

►  Wales has the highest percentage of ‘outside constitu-
ent’ (i.e. with countries outside the UK) collaboration of 
all UK constituent countries.

►  Not only does international collaboration account for the 
majority of the Welsh articles, it also results in the high-
est field-weighted citation impact.

►  Collaboration with Wales produces above average cita-
tion impact for all of Wales’ top 25 most prolific interna-
tional collaboration countries, making Wales an attrac-
tive research base to collaborate with.

Knowledge exchange in Wales between academia and 
industry is small but associated with high field-weighted 
citation impact.
►  Wales holds a low percentage of patents, both in 

absolute and relative terms. however, the number of 
references in patents made to Welsh publications is 
increasing in absolute terms and is staying above the UK 
benchmark from 2009 to 2012. 

►  amongst the constituent countries, Wales had the high-
est level of start-ups and spin-offs at 0.319 per unit 
GErD in 2011.

►  Wales had the highest level of Ip disclosures per unit 
GErD in 2011 compared to all UK constituent countries.

3

1  Gross Domestic Expenditure on r&D (GErD): Total intramural expendi-

ture on research and development performed on the national territory 

during a given period. 
2 higher Education Expenditure on r&D (hErD).
3 Government Expenditure on r&D (GOVErD).

Figure 0.1 — Publications per researcher (2011) and cita-
tions per researcher (2007-2011), field-weighted citation 
impact (2011), percentage of output in the top 1% high-
est cited articles (2011), field-weighted download impact 
(2011), and patent citations (2010).

The following “radar chart” (Figure 0.1) provides a compara-
tive assessment of Wales’ performance on a number of im-
portant indicators covered in this report. publications and 
citations per researcher are two measures of productivity 
and efficiency, while field-weighted citation impact can be 
used as a proxy of research quality.  

Share of top 1% and 5% highly-cited articles is an indicator 
of research excellence. Field-weighted download impact 
can be interpreted as a measure of attention and relevance, 
and patent citations can be taken as in indication of com-
mercialisation of research. 

For all these indicators, the radar chart uses the UK aver-
age values as a benchmark and plots the four constituent 
countries’ performance relative to that of the UK average.

as can be seen Wales’ performance is strongest on the 
productivity and efficiency side of the radar. On many of 
these indicators, Scotland is the strongest of the four 
constituent countries, but on publications per researcher, 
Wales ranks first. Even though this is currently a strength, 
it also highlights a future vulnerability because input vari-
ables such as researchers and GErD show little and even 
negative growth.
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Key Findings

GLOBaL rESEarChEr SharE

FIELD-WEIGhTED CITaTION IMpaCT

CITED pErCENTaGE

aCaDEMIC-INDUSTrY COLLaBOraTION

INTErNaTIONaL COLLaBOraTION

KNOWLEDGE EXChaNGE

GLOBaL SharE hIGhLY CITED arTICLES

GLOBaL arTICLE SharE

0.14% and lowest 
growth among 
comparators

84% of Welsh
papers between
2007-2011 cited
at least once

Increased from 1.45
in 2007 to 1.58 in 
2011

Low volume (2.65%) 
but high citation 
impact (2.57)

0.3% and growing 
at below world 
average rate

0.7% of highly 
cited articles

highest percentage 
among constituents:
60%

Welsh publications 
increasingly cited 
in patents
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Introduction

“The Welsh government’s strategy, Science for 
Wales, presents a five-year vision that reinforces the 
goals of Horizon 2020, and takes proactive steps to 
boost their scientific prowess in the global arena and 
create a world-class research community.”
Science, 2013

The importance of having a credible evidence base 
was highlighted by Science for Wales (2012) which 
noted that “Wales must rely on objective, factual 
evidence to judge excellence, or impact - always 
relative to the best in the UK and beyond.”

Since 2003, the United Kingdom (UK) government has 
commissioned independent reports evaluating the inter-
national performance of the UK research base. although 
Wales is an integral part of the world-leading UK research 
base, it currently lacks its own base of comprehensive 
bibliometric evidence. 

This report bases its analyses of bibliometric (i.e. quantita-
tive, bibliographical) data on recognised advanced indica-
tors. For more information and references to the relevant 
scientific literature, see appendix a. Even though these 
indicators are useful to assess research performance, we 
recognise their clear limitations. 
 First, citation analysis requires large data samples. 
Indicator values for small samples (such as a single subject 
field within a single institution) can be skewed by infrequent 
outlier values. 
 Second, citation analysis provides an adequate assess-
ment of scientific performance for only those fields where 
research publications and citations sufficiently reflect the 
state and dynamics of research. This report uses normalisa-
tion procedures throughout this report to take into account 
subject specific differences in citation behaviour. 
 Third, in order to show a more reliable picture, we 
present different indicators to assess the comparative 
performance of the Welsh research base. 

In summary, while bibliometric analyses can provide a fact-
base to support decision-making, it is crucial to carefully 
evaluate the findings in this process. 

Specific questions addressed in this report include: 

►   how productive and efficient is Wales in its use of 
research inputs (i.e. human capital and funding)? 

 (See Chapter 1)

►  What patterns of research mobility does the Welsh 
researcher sector show? (See Chapter 1) 

►  how does Wales’ research output compare to the other 
UK constituent countries and research countries of 
comparable size? (See Chapter 2)

►  how has the research volume and impact changed since 
1996? (See Section 2.3)

►  What is the quality of Wales’ research as measured by 
citation-based metrics relative to comparator coun-
tries? (See Chapter 2)  

►  To what extent does Wales collaborate internationally? 
Which are the main countries that Wales collaborates 
with? (See Chapter 3) 

►  What is the knowledge exchange between Welsh aca-
demia and industry? (See Chapter 4)

Elsevier has conducted a study to assess the relative comparative 
performance of the Welsh research base. The report was commissioned
on behalf of higher Education Wales, the higher Education Funding Council 
for Wales, and the Welsh Government.
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UK constituents
 Wales
 Scotland
 England
 Northern Ireland
 UK overall

Similarly-sized (by population)
 Belgium
 Denmark
 Finland
 Ireland
 Norway
 New Zealand

Major research nations
 France
 Germany
 United States
 Sweden
 Netherlands
 
International benchmarks
 OECD average
 EU average
 World average

 Canada
 Italy
 Spain
 China
 Japan
 australia
 South Korea
 Iran

Comparators and other countriesThis report takes into account all publications from Wales 
identified on the Scopus database for the past 16 years 
since 2011 and produced either by higher education 
institutions or other sectors. In 2011, higher education 
institutions make up 84% of all Welsh output. Throughout 
the report, Wales’ performance is benchmarked against a 
number of comparators:  

(i)  The 3 other UK constituents (Scotland, England 
and Northern Ireland) as well as the UK overall. 

(ii)  European and international countries of similar 
population size (Belgium, Denmark, Finland, Ireland, 
Norway and New Zealand).

(iii)  Other major research nations (including USa), and 
international benchmarks (World, EU and OECD aver-
ages) where appropriate.

Where suitable, a breakdown of performance is provided for 
the 6 main OECD subject categories. appendix B lists the 
full OECD subject classification.       

For trend analyses, indicator values are presented per year, 
and for snapshots five-year blocks are used (most often 
2007-2011 as these are the most recently available data). 

By exploring these different aspects of research per-
formance, this report provides the first comprehensive 
analysis of Wales’ research base since devolution (1999), 
and an opportunity to chart the direction of travel and 
evaluate excellence or impact relative to the best in the UK 
and beyond.
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Chapter 1
Input, Human Capital 
and Productivity

This chapter focuses on the input and productivity of the Welsh research base. In par-
ticular, we analyse the number of researchers per country, the level of gross domestic 
expenditure on r&D (GErD) and the level of higher education expenditure on r&D 
(hErD). These factors provide a balanced view on Welsh productivity and efficiency, 
as well as that of comparators. In addition, researcher mobility of active researchers 
who have published with at least one Welsh affiliation is studied more closely.
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1.1   Key Findings
1   input, human capital and productivity

0.11%

0.65

88.4%

1ST & 2nD

1.17%
WELSh rESEarChEr BaSE
FIVE YEar GrOWTh

pUBLICaTIONS pEr rESEarChEr IN 2011

rESEarChEr MOBILITY

prODUCTIVITY pEr GErD & hErD

WELSh r&D INTENSITY

Wales’ researcher base has grown modestly, the 
slowest among comparator and UK constituent 
countries.

With its high level of productivity per researcher, 
Wales still ranks below Scotland (0.77), but ahead 
of the UK overall (0.59).

88.4 of all active Welsh researchers in 1996-
2012 have shown mobility in their affiliations 
(either Transitory, Inflow or Outflow). all other 
researchers have not shown mobility outside 
of Wales in their affiliations.

amongst comparator and constituent countries, 
Wales ranks first on publications per GErD, and 
second after New Zealand in terms of higher 
education productivity per hErD. 

Wales has the lowest r&D intensity among 
comparators and constituent countries.
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1.2   Human Capital
researchers are a key driver of research progress. There-
fore, this examination of the Welsh research base will start 
at the foundation, by looking at the number of researchers 
producing Welsh research. 

The OECD data on research inputs used in this report is 
compiled from data supplied by national statistical agen-
cies, such as The Office for National Statistics (ONS) and 
various government bodies in the UK. agencies collect 
data according to definitions provided in the Frascati 
Manual, first published in the early 1960s and updated 
periodically ever since. according to the latest (2002) 
edition:

“Researchers are defined as professionals engaged 
in the conception or creation of new knowledge, 
products, processes, methods and systems as well 
as those who are directly involved in the manage-
ment of projects.”

These can include not only staff working in both civil and 
military research in government, universities, research 
institutes as well as in the business sector but also post 
graduate students who are co-authors on journal publica-
tions.

This report’s data scope comprises all publications from 
Wales, either produced by higher education institutions 
or other sectors. In 2011, higher education institutions 

produced 84% of all Welsh output. as a benchmark, for the 
UK the higher education institutions produced 84% of all 
output, and 86% for the EU.

Figure 1.1a and B show that the size of Wales’ researcher 
base is relatively small, comparable to the size of countries 
such as Ireland and New Zealand. The Welsh researcher 
base is larger than that of Northern Ireland. During the 
most recent five years, the number of Welsh researchers 
has grown only marginally with a Compound annual Growth 
rate (CaGr) of 0.1%. as a benchmark, the UK overall 
researcher base experienced a five year annual growth rate 
of 0.9%, and the other constituent countries have all grown 
their researcher base more than Wales (England 0.9%, 
Northern Ireland 2.0%, Scotland 1.9%). In fact, among all 
comparator countries, the Welsh researcher base grew the 
least over the last five years.

It is important to note that the low growth of the Welsh 
researcher base applies to the total researcher base, which 
includes industrial r&D. When looking only at number of 
researchers employed by higher education institutions, as 
reported by hESa 4, we see that over the last five years, 
Wales’ researcher base in higher education only has shown 
a slightly negative annual growth rate of -0.3%. Scotland 
(-0.9%) and Northern Ireland (-3.7%) show larger decreas-
es, while England is showing an annual increase of 1.6%.

Figure 1.1A — Number of researchers for Wales and com-
parator countries. Source: OECD. Extracted on 2013-06-24 
from OECD iLibrary | MSTI Variables: Total researchers (FTE). 
Where no values were available, extrapolation was used.

Figure 1.1B — A detailed view of the previous chart (exclud-
ing the countries with the highest number of researchers).

4  higher Education Statistics agency (hESa) Staff record.

1.2   human capital
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Figure 1.2 — Number of researchers 
per head of population for Wales and 
comparator countries. Source: OECD. 
Extracted on 2013-06-24 from OECD 
iLibrary | MSTI Variables: Total research-
ers (FTE). Where no values were available, 
extrapolation was used.

assessment of raw output in terms of publications favours 
large countries. The number of researchers can be used 
to normalise these output volumes for the size of the 
country. 

Figure 1.2 normalises the number of researchers in each 
country by its total population. In this ranking, Wales occu-
pies the last position, indicating a relatively low proportion 
of researchers in the population. 

In Figure 1.3, we use the previously presented data on 
size of researcher base per country or constituent country 
to assess productivity and efficiency.

When correcting for the number of researchers within a 
country or constituent country (see Figure 1.3), Wales 
ranks high on productivity, after the Netherlands, Scot-
land, and Ireland. Over this period, Wales’ number of publi-
cations per researcher fluctuates, decreasing from 2000 
to 2005, and increasing again in 2011. although both the 
number of publications and the number of researchers are 
growing, the number of researchers grew more rapidly 
between the first and the second data point, causing the 
indicator to decrease, whereas the number of publications 
grew more rapidly between the second and the third data 
point, causing the indicator to increase again. In contrast, 
the Netherlands is showing consistent growth between 
the three data points. The underlying data reveals growth 
in the number of researchers and in the volume of publica-

tions at a similar pace, causing the indicator values to rise 
consistently.

To extend this analysis from publications to citations, we 
need to first account for the time for citations to accrue. 
Thus, the most recent data-point we use in this analy-
sis is publications in 2007 and citations during the five 
subsequent years. This reveals a very similar pattern 
(see Figure 1.4): Wales ranks third after the Netherlands 
and Scotland but before Ireland. Wales’ indicator values 
consistently increased, suggesting that the output that 
Welsh researchers produce is of relatively higher quality 
each year.

When we juxtapose a productivity measure (publications 
per researcher) with a citation impact measure (field-
weighted citation impact), as we do in Figure 1.5, we see 
how Wales combines a relatively high productivity with a 
relatively high citation impact.
Further examination of the three other UK constituent 
countries shows clearly how Wales ranks second after 
Scotland in productivity and third after Scotland and 
England in field-weighted citation impact. In comparison 
to the other countries on this map, the Netherlands and 
Ireland are more productive than Wales, and several coun-
tries show higher field-weighted citation impact, such 
as the Netherlands, Belgium and Denmark. In particular, 
Wales shows higher productivity per researcher than UK 
overall, and also a slightly higher citation impact.
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Wales' rank among UK constituents
2004-2008:  3 2007-2011:  2

Wales' rank among comparators
2004-2008:  7 2007-2011:  3

Wales' rank among UK constituents
2005:  2  2011:  2

Wales' rank among comparators
2005:  5  2011:  4

Figure 1.3 — Publications per year per researcher for Wales 
and comparator countries, 2000, 2005 and 2011, ranked 
by the indicator value for 2011. Source: OECD and Scopus

Figure 1.4 — Citations per number of researcher for Wales 
and comparator countries, ranked by the indicator value 
for 2007-2011. The data point for 2007-2011 consists of 
publications in 2007 and citations between 2007-2011, 
divided by the number of researchers in 2007. This is the 
most recent data point available where the full 5 years of 
citations have been received. Source: OECD and Scopus

Figure 1.5 — Publications in 2011 per 
researcher and FWCI 2011 for Wales 
and comparator countries. Size of bubble 
reflects number of publications in 2011. 
Source: OECD and Scopus

1.2   human capital
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1.3  R&D Expenditures
r&D expenditures are, in addition to the size of the research 
base, an important driver of research output. 

Gross Domestic Expenditure on r&D (GErD) represents the 
total expenditure on r&D within a country, regardless of the 
sector of performance or the source of funding. r&D expen-
ditures can be split by sector of performance (i.e. the sector 
in which the money was spent) as shown in Figure 1.6. 

Figure 1.6 — Research-performing sectors in the composition of GERD.

5  ppS are euros valued at average EU price levels, that is, they are euros 

that have the same purchasing power over the whole of the European 

Union. Their purchasing power is a weighted average of the purchasing 

power of the national currencies of EU Member States.  

  They reflect the average price level in the European Union or, more 

precisely, the weighted average of the price levels of Member States. 

ppS are defined by equating the total real expenditure of the European 

Union on a specific basic heading, aggregation level or analytical 

category to the total nominal expenditure of the European Union on the 

same basic heading, aggregation level or analytical category.

1   input, human capital and productivity

R&D by sector of performance

Gross Domestic Expenditure on R&D (GERD)
785.90 million PPS 2005 5

(Source: ONS)

(Source: Eurostat)

Business Enterprise R&D (BERD)
₤ 243 million  /  46.8%

current prices

Higher Education R&D (HERD)
₤ 252 million  /  48.6%

current prices

Government R&D (GOVERD)
₤ 24 million  /  4.6%
current prices
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1.3.1  Research Intensity

research intensity, defined as GErD as a share of Gross 
Domestic product (GDp), is a useful indicator to compare 
investment in r&D between countries. 

Wales’ r&D intensity is relatively low, as we see in Figure 
1.7. Wales’ levels are closest to Northern Ireland (see Figure 
1.8) out of all the UK constituents, and New Zealand out of 
the comparator countries. Sweden, Finland and Denmark 
show the highest r&D intensity internationally. Within the 
UK, only England shows a level of r&D intensity above the 
UK benchmark, whereas the other three constituent coun-
tries fall below.

Figure 1.7 — R&D Intensity (GERD as a share of GDP) for 
Wales and comparator countries, 2004-2011. Source: 
OECD, Extracted on 2013-06-24 from OECD iLibrary | 
Selection: Dataset: Main Science and Technology Indicators 
| MSTI Variables: GERD -- (million 2005 dollars -- constant 
prices and PPP)

Figure 1.8 — A detailed view of the previous chart, with 
only the four UK constituent countries and the UK overall 
benchmark.

1.3   r&d expenditures
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Figure 1.9 — Publications by academic sector per HERD spent for Wales and comparator countries, 2000, 2005 and 2011.  
Source: OECD, ONS and Scopus. OECD data for countries extracted on: 2013-06-24 from OECD iLibrary, Dataset: Main Sci-
ence and Technology Indicators, MSTI Variables: GERD -- (million 2005 dollars -- constant prices and PPP). For UK Constitu-
ents: Extracted on: 2013-07-29 from ONS, Dataset: ESTIMATED REGIONAL BREAKDOWN OF EXPENDITURE ON INTRA-
MURAL R&D IN HIGHER EDUCATION, UNIT: GBP million, current prices (before normalization). Normalization: UK total (OECD) 
split as a proportion from this source

Wales' rank among UK constituents
2005:  2  2011:  2

Wales' rank among comparators
2005:  5  2011:  4
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1.3.2  Academic sector publications
 and citations relative to HERD

The higher education sector is the largest contributor to 
article output worldwide, so therefore it is insightful to 
normalise each country’s academic output to its expendi-
ture on higher education r&D (hErD). amongst compara-
tor countries and UK constitutents, Wales ranks second in 
higher education sector publications per hErD, only after 
New Zealand (Figure 1.9).

Figure 1.10 shows how Wales is more efficient than the 
other UK constituent countries in terms of citations re-
ceived by university sector publications per hErD, but only 
for the most recent data point. For the previous time period, 
Wales ranks third among UK constituent countries after 
both Scotland and England. Whereas Scotland and Eng-
land’s recent five year compound annual growth rate were 
1.2% and 0.1% respectively, Northern Ireland and Wales 
are showing a negative compound annual growth rate of 
-2.6% and -0.8% respectively. Citations are increasing 
for all four constituents, but hErD is decreasing for two of 
them, which is positively influencing the above ranking.
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Figure 1.10 — Citations received by articles from the academic sector per Higher Education unit spent on R&D for Wales 
and comparator countries, ranked by the indicator value for 2007-2011. The data point for 2007-2011 consists of academic 
sector publications in 2007 and citations between 2007-2011, divided by the HERD spent in 2007. This is the most recent 
data point available where the full 5 years of citations have been received. Source: OECD, ONS and Scopus. OECD data for 
countries extracted on: 2013-06-24 from OECD iLibrary, Dataset: Main Science and Technology Indicators, MSTI Variables: 
GERD -- (million 2005 dollars -- constant prices and PPP). For UK Constituents: Extracted on: 2013-07-29 from ONS, Data-
set: ESTIMATED REGIONAL BREAKDOWN OF EXPENDITURE ON INTRAMURAL R&D IN HIGHER EDUCATION, UNIT: GBP 
million, current prices (before normalization). Normalization: UK total (OECD) split as a proportion from this source

1.3.3  Publications and citations
 relative to GERD

In Figure 1.11, we show the total number of publications 
per unit spend on GErD. This figure shows that Wales 
is (together with England and Scotland) one of the most 
efficient amongst country comparators and UK country 
constituents. In 2011, Wales was the most efficient in 
converting GErD into publications, and in 2005, only New 
Zealand achieved a higher productivity in publications per 
GErD. 

The Welsh indicator value for publications per GErD ini-
tially decreased between 2000 and 2005, but increased 
between 2005 and 2011. The underlying data show a 
consistent increase in publication output, but the GErD 
values increased from 2000 to 2005 and subsequently 
decreased from 2005 to 2011. 

Similarly, when looking at citations per unit GErD spent 
in Figure 1.12, Wales ranks high among the comparator 
countries, after only Scotland. This holds true for the most 
recent time period and the previous one. Wales’ increase 
is consistent, paralleling and closely trailing Scotland’s 
growth.
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Figure 1.12 — Citations per unit 
spent on R&D for Wales and com-
parator countries, ranked by the 
indicator value for 2007-2011. The 
data point for 2007-2011 consists 
of publications in 2007 and citations 
between 2007-2011, divided by the 
GERD spent in 2007. This is the most 
recent data point available where the 
full 5 years of citations have been 
received. Source: OECD and Scopus

Figure 1.11 — Publications per year 
per unit spent on R&D for Wales and 
comparator countries, 2000, 2005, 
2011, ranked by indicator value for 
2011. Source: OECD and Scopus
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1.4  Researcher Mobility
recently, the topic of researcher mobility has been attract-
ing more and more attention 6. The current view on research-
er mobility is one usually referred to as ‘brain circulation’ 
instead of the traditional ‘brain drain or brain gain’. In this 
view, nations are not considered as winners or losers but as 
loci in a dynamic system of human capital flows. Of particu-
lar importance in this view is a country’s or region’s ability to 
attract or maintain high level researchers, while simultane-
ously fostering the international flow of researchers and 
subsequent knowledge exchange. 

The report, ‘International Comparative performance of the 
UK research Base: 2011’, commissioned by the Depart-
ment for Business, Innovation and Skills (BIS), sought a fresh 
way of looking at researcher mobility. In the report, pub-
lished in October 2011, the Scopus database was used to 
produce a conceptual map of the stocks and flows of human 
capital in the UK over the 15-year period between 1996 
and 2010. In an important departure from previous studies 
using author affiliation data as a proxy for measuring brain 
circulation, this work was not confined to authors belonging 
to an elite group or to a single subject or specialty. Instead, 
the approach uses Scopus author profile data to derive a 
history of an author’s affiliations recorded in their publica-
tions and to assign them to mobility classes defined by the 
type and duration of observed moves. This same approach is 
used in this section to analyse researcher mobility of Welsh 
researchers in particular, in comparison with the other con-
stituent countries. 

For the current analysis, all active researchers were identi-
fied that have published with at least one Welsh affiliation 
within the timeframe 1996-2012. In order to be consid-
ered an active author, a researcher has to have at least one 
publication in the latest five year period and more than 10 
articles in the complete timeframe of the analysis, or more 
than 3 articles in the last five years but less than 10 in the 
complete period 1996-2012. By looking at the affiliations 
an author has listed on his or her publications, it is possible 
to track his or her movement. For instance, an author who 
publishes first with an affiliation in Wales, but after a few 
years publishes no longer with this Welsh affiliation but with 
an US affiliation, will be considered “Brain Outflow”. For a 
glossary on all categories and metrics, see appendix a. 

In short, there are three main categories in the Brain Circula-
tion flow: Outflow (researchers who leave the country), In-
flow (researchers who arrive in the country), and Transitory 

(researchers with short stays of less than two years in the 
country). an additional category is formed by those research-
ers who stay in the country and do not seem to move at all, 
also referred to as Sedentary researchers.

We can see in Figure 1.13 that 11.6% of all active research-
ers in Wales appear to never have left the country. They may 
have shown international mobility, but this did not result in 
published articles with a different affiliation. This group has 
relatively low relative productivity and age, meaning that 
this group on average consists of less experienced and less 
productive researchers. Their citation impact, measured by 
field-weighted citation impact, is relatively low compared to 
the other categories of mobility. 

The largest group is the Transitory researchers, with 60.8% 
of all active researchers. Their age is about average, but their 
productivity is above average. The field-weighted citation 
impact is higher than for the sedentary researchers, similar 
to that of the Outflow researchers but lower than that of the 
Inflow researchers. Within the group of Transitory research-
ers, the majority is coming from another country with a short 
stay in Wales. Their impact is higher than that of researchers 
coming from Wales but spending a short stay of less than two 
years abroad. 

Brain Outflow occurs for just over 14.9% of all active Welsh 
researchers. Their productivity is below average, but they 
are above average in seniority. The Brain Inflow category is of 
smaller size at 12.7%. again, these researchers show below 
average productivity but above average seniority. Impact is 
higher for Inflow researchers than for Outflow researchers.

among these Inflow and Outflow groups are also the 
returnees, researchers who either leave and return, or the 
researchers who come to Wales from abroad but return to the 
country of departure. 

The Brain Outflow and Inflow result in a net change of -2.2%. 
This difference indicates that more researchers are leaving 
the country than entering it. The profiles of these research-
ers are very similar: below average productivity, above aver-
age age and slightly higher field-weighted citation impact for 
the Inflow than for the Outflow. Tables 1.1 and 1.2 on page 
19 list the top 10 of Inflow and Outflow countries.

For comparison, the same analysis has been performed for 
Scotland.

6  plume, a. (2012). The evolution of brain drain and its measurement, part I. Research Trends, 26.

1.4   researcher mobility
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Figure 1.13 — Researcher Mobility for Wales, 1996-2012. Source: Scopus
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RESEARCHER MOBILITY
WALES

SEDENTARY

Researchers: 11.6%
Relative Productivity: 0.40

Relative Age: 0.73
FWCI: 1.42

BRAIN OUTFLOW

Researchers: 14.9%
Relative Productivity: 0.84

Relative Age: 1.07
FWCI: 1.70

Outflow
Researchers: 7.8%

Relative Productivity: 0.71
Relative Age: 1.03

FWCI: 1.66

Returnees Outflow
Researchers: 7.1%

Relative Productivity: 0.98
Relative Age: 1.11

FWCI: 1.74

TRANSITORY BRAIN MOBILITY

Researchers: 60.8%
Relative Productivity: 1.15

Relative Age: 1.02
FWCI: 1.73

Transitory (mainly Wales)
Researchers: 10.9%

Relative Productivity: 0.56
Relative Age: 0.88

FWCI: 1.49

Transitory (mainly non-Wales)
Researchers: 49.9%

Relative Productivity: 1.26
Relative Age: 1.05

FWCI: 1.75

BRAIN INFLOW

Researchers: 12.7%
Relative Productivity: 0.87
Relative Age: 1.09
FWCI: 1.81

Inflow
Researchers: 10.5%
Relative Productivity: 0.83
Relative Age: 1.07
FWCI: 1.81

Returnees Inflow
Researchers: 2.2%
Relative Productivity: 1.06
Relative Seniority: 1.14
FWCI: 1.82
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Figure 1.14 — Researcher Mobility for Scotland, 1996-2012. Source: Scopus

Table 1.1 — Top Inflow countries for Wales, 1996-2012. 
Source: Scopus

Table 1.2 — Top Outflow countries for Wales, 1996-2012. 
Source: Scopus
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RESEARCHER MOBILITY
SCOTLAND

SEDENTARY

Researchers: 14.0%
Relative Productivity: 0.40

Relative Age: 0.74
FWCI: 1.54

BRAIN OUTFLOW

Researchers: 15.6%
Relative Productivity: 0.76

Relative Age: 1.06
FWCI: 1.87

Outflow
Researchers: 8.4%

Relative Productivity: 0.70
Relative Age: 1.03

FWCI: 1.88

Returnees Outflow
Researchers: 7.3%

Relative Productivity: 0.82
Relative Age: 1.11

FWCI: 1.86

TRANSITORY BRAIN MOBILITY

Researchers: 58.3%
Relative Productivity: 1.20

Relative Age: 1.03
FWCI: 1.99

Transitory (mainly Scotland)
Researchers: 12.1%

Relative Productivity: 0.61
Relative Age: 0.89

FWCI: 1.81

Transitory (mainly non-Scotland)
Researchers: 46.1%

Relative Productivity: 1.33
Relative Age: 1.07

FWCI: 2.01

BRAIN INFLOW

Researchers: 12.1%
Relative Productivity: 0.85
Relative Age: 1.07
FWCI: 2.04

Inflow
Researchers: 9.2%
Relative Productivity: 0.73
Relative Age: 1.05
FWCI: 1.91

Returnees Inflow
Researchers: 2.9%
Relative Productivity: 1.20
Relative Seniority: 1.16
FWCI: 2.25
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Movement within the UK but between UK constituents can 
also be analysed separately, as represented in below Figure 
1.15. For each UK constituent, the Figure shows the total 
Inflow coming from UK constituents as well as the Outflow 
towards UK constituents. Wales shows the highest rela-
tive proportion of its active researchers moving between 
constituent countries, of almost 15% if we combine meas-
ures of Outflow and Inflow. Scotland follows closely, and 
England is showing a relatively low movement in terms of 
researcher flows between UK constituents.

1   input, human capital and productivity

Figure 1.15 — Researcher Mobility within UK constituents, 1996-2012. Source: Scopus

■   Inflow from UK constituents ■   Outflow from UK constituents

WALES
Total: 14.5%

SCOTLAnD
Total: 11.4%

nORTHERn IRELAnD
Total: 8.8%

EnGLAnD
Total: 3.1%

8.3% 6.2%

6.5% 4.9%

5.3% 3.5%

1.8% 1.3%

In summary, we see that: 

►  Wales shows the lowest percentage of sedentary 
researchers relative to the three other constituent 
countries, which means that Wales shows the highest 
percentage of researcher mobility. Immobile research-
ers tend to have the lowest field-weighted citation 
impact amongst all categories of researchers, so it is 
important for Wales to keep the level of mobility at this 
relatively high level and stimulate researcher mobility.

►  Even though the net change between inflow and outflow 
for Wales represents a loss of researchers, it is still the 
smallest loss among constituent countries. In addition, 
what was seen as a brain loss traditionally, is no longer 
perceived as such; instead of a system with winners and 
losers, mobility is seen much more as a dynamic system. 

►  Transitory researchers are the largest group of 
researchers and are therefore critical to the Welsh 
research system. In particular, non-Welsh researchers 
with short stays in Wales produce high impact publica-
tions with field-weighted citation impact at 75% above 
than world average. It is therefore important to continue 
to enable these short research-stays within Wales, as 
they have beneficial effects on Wales’ citation impact 
overall.
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Chapter 2
Output, growth
and impact

In this chapter the output and citation impact of the Welsh research system 
is analysed and compared to selected countries as well as to the other UK 
constituent countries.



22

2.2   Output
Scholarly communication, the process of academics, schol-
ars and researchers sharing and publishing their research 
findings so that they are available to the wider academic 
community, is a crucial part of research. analysing these 
research outputs can provide useful insight into research 
performance of an individual, an institution, or a nation. 

aspects that are relevant in such an evaluation include ar-
ticle quantity, article share, citation share, citation impact, 
download behaviours, and specific strengths, as explained 
in more detail in the final section of this chapter. Such indi-
cators are, though useful and valid, imperfect and partial, 
in the sense that their numerical values are determined by 
research performance and related concepts, but also by 
other influencing factors. Nevertheless, taken together 
they offer a quantified view of a research system’s perfor-
mance. 

In fact, many countries employ bibliometric methods for 
the assessment of their research base, including the US, 
the UK, australia, France, and the Netherlands. The focus 
of this chapter will be on the analysis of the Welsh research 
output from a bibliometric point of view, i.e. by focusing on 
what the volume of articles and associated citation data can 
tell us about the relative productivity and quality of Welsh 
research.

Welsh research output, relatively small in volume at 0.3% 
of the world’s global research output in 2011, is showing 
relatively little growth, at 1.9% compound annual growth 
over 2007-2011 (see Figures 2.1a and B). as a benchmark, 
the world’s average growth rate in publication output for 
the same time period is 4.6%. Wales has shown a steeper 
growth in earlier years (see Figure 2.2), but the growth is 
lower in recent years.

2.1   Key Findings
2   output, growth and impact

1.9%

2×

1.58
pUBLICaTION OUTpUT GrOWTh

pUBLICaTION EXCELLENCE

FIELD-WEIGhTED CITaTION IMpaCT

Wales has seen small growth of 1.9% in its 
publication output compared to 4.6% globally 
in 2007-2011. This is comparable to the other 
constituent countries.

Wales’ share of the top 1% highest cited articles 
is 0.7%, which is over twice as high as could be 
expected based on its overall publication share 
of 0.3%.

In 2011, Wales’ field-weighted citation impact 
(a proxy of publication quality) was 1.58, 58% 
above the world average, and approaching the 
UK benchmark.
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Figure 2.1A — Publication output of Wales and comparator 
countries, 2004-2011 (USA excluded for visibility). Source: 
Scopus

Figure 2.1B — A detailed view of 2.1A with only countries 
whose population size is comparable to Wales.

2.2   output

Figure 2.2 — Publication output for 
Wales, Finland and Ireland, 2004-
2011. Source: Scopus".
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The Welsh research contribution to the UK’s overall publica-
tion output is around 4% each year (see Figure 2.3). This 
percentage is stable over the years. as Figure 2.3 shows, 
all UK constituents publish more articles each year, but 
their relative share within the UK remains constant.

The world share of the Welsh research output is shown in 
Figures 2.4 a and B and compared with that of selected 
countries and other UK constituents. as mentioned previ-
ously, the share of the Welsh output is rather small at 
around 0.3%. This share is showing a decline over the last 
five years with a compound annual growth rate of -2.6%. 
as a benchmark, the UK shows a decline of -1.6%. al-
though absolute numbers of publications have been shown 
to increase for Wales in Figure 2.3, shares have declined. 
In Chapter 1, it has been shown how publications per 
researcher first declined, then increased, because of the 
more rapid pace of growth in the number of researchers 
than in the number of publications.

Figure 2.4A — International comparison of the share of pub-
lications relative to the world total, shown using a logarithmic 
scale to improve readability (USA excluded). Source: Scopus

Figure 2.4B — A detailed view of 2.4A including countries 
whose population size is comparable to Wales.

2   output, growth and impact

Figure 2.3 — Publication output for four UK constituent 
countries, in absolute numbers and as a proportion of UK 
total, 2007-2011. Source: Scopus

160,000

140,000

120,000

100,000

80,000

60,000

40,000

20,000

0
2007 2008 2009 2010 2011

pUBLICaTIONS

EnG
85%

SCO
13%

WAL
4%

nIR
2%

A
R

TI
C

LE
 S

H
A

R
E 

(L
O

G
 S

C
A

LE
)

0

0.01

0.10

2004 2005 2006 2007 2008 2009 2010 2011 

SCO
DNK
FIN
NOR
NZL
IRL

UK
DEU
ENG

FRA

BEL

SWE

NLD

NIR 

WAL

2004 2005 2006 2007 2008 2009 2010 2011 
0

0.01

0.10

BEL
DNK
FIN
NOR
NZL
IRL

WALA
R

TI
C

LE
 S

H
A

R
E 

(L
O

G
 S

C
A

LE
)



25

Figure 2.5 — Output per year for last 16 years, for countries whose population size is comparable to Wales.
Source: Scopus

Figure 2.6 — Field-weighted citation impact per year for last 16 years. Source: Scopus

2.3   Longitudinal analysis
Figure 2.5 shows a longitudinal view on output and its 
growth over the last 16 years, whereas Figure 2.6 shows 
changes in field-weighted citation impact in this same period.

While the total volume of publications from Wales has 
grown over this period at a modest rate relative to some of 
the comparators shown (see Figure 2.5), it is clear that the 
field-weighted citation impact of this output has also grown, 
maintaining its relative position throughout this period (see 
Figure 2.6).
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2.4   Citation impact
In addition to publication volume, it is important to examine 
measures of research impact. Despite some qualifica-
tions, citations continue to be widely recognised and used 
as a proxy for research quality. In 2011, Wales produced 
0.30% of the world’s published articles, and received 
0.49% of citations. however, absolute citation counts 
alone do not accurately reflect the relative research impact 
of countries or universities; simply comparing the volume 
of citations does not make sense when trying to bench-
mark on quality, as those with more documents typically 
secure more citations. however, when one relativises 
this to human capital or publication volume, it is possible 
to compare countries or institutions of different sizes. 
Citation-based bibliometric indicators have increasingly 
been used as a proxy of relative quality for scientific publi-
cations.

another challenge when using citations concerns compar-
ing across different research fields. In fields with a high 
citation density, such as cell biology, the average number 
of citations received per publication can be more than an 
order of magnitude larger than in fields with a low citation 
density (e.g., mathematics). as such, when comparing cita-
tions one also needs to use consistent time windows after 
publication and consider field-specific citation differences. 

all leading producers of bibliometric data employ citation-
based bibliometric indicators that normalise for many of 
these differences to allow for meaningful comparisons of 
citation impact.

In this study, we used field-weighted citation impact (FWCI) 
as the measure of citation impact. This is a measure of cita-
tion impact that normalises for differences in citation activ-
ity by subject field, article type, and publication year. The 
world is indexed to a value of 1.00, meaning that values 
above 1.00 indicate above average citation impact. More 
specifically, a citation impact of 1.80 indicates a citation 
impact which is 1.8 times the average, or 80% above the 
average. Elsevier has used field-weighted citation impact 
in different national and international reports and provides 
an indicator of mean citation impact, that compares the 
actual number of citations received by an article with the 
expected number of citations for articles of the same docu-
ment type (article, review or conference proceeding paper), 
publication year and subject field. Field-weighted citation 
impact is defined with reference to a global average base-
line of 1.0 and accounts for differences in citation over 
time, differences in citation rates for different document 
types, as well as subject-specific differences in citation 
frequencies overall and over time and document types.

The use of the FWCI as a research quality indicator of 
research has been accepted by BIS in two UK reports (BIS 
Elsevier report, 2011, 2013). The FWCI however has to be 
used with caution particularly when used for institutions that 
produce low volumes of publications per year. In such cases 
Elsevier recommends that FWCI should ideally be used with 
volumes of more than 100 publications in the selected time-
frame and is not be used if the total number of publications is 
at or below 50.

Figures 2.7a and B shows how the field-weighted citation 
impact for Wales increases steadily at 2.26% compound 
annual growth rate between 2007 and 2011, and for 2011 
is at almost the same level as the UK, at 1.58. The UK also 
shows annual growth in field-weighted citation impact of 
1.12%, but particularly in recent years Wales’ growth has 
been steeper. It has overtaken Norway and the USa in terms 
of field-weighted citation impact in recent years.

Wales’ position compared to that of the UK overall is slightly 
different from the 2011 International Comparative per-
formance of the UK research Base, due to the different 
methodology for field-weighted citation impact used here. 
In 2011, 5-year blocks were used in which five years of 
publications and five years of citations were used. The field-
weighted citation impact value for ‘2004-08’, for example, 
was comprised of articles published in 2004-08 and their 
field-weighted citation impact in the same period 2004-08. 
This method has the disadvantage that citations to recent 
articles in this 5-year window are relatively underweighted 
since they have had less time to accrue, and so recent under-
lying changes may be dampened by this indicator. another 
difference between the 2011 BIS report and the current 
report is that the mapping of institutions to the appropriate 
constituent country has been improved and expanded from 
only the majority of the higher education institutes to 99% 
of all publications mapped to the appropriate constituent 
country.

previously, we have shown how the Welsh research contribu-
tion to the UK’s overall publication output is around 4% each 
year (see Figure 2.3). For citations, the pattern is extremely 
similar: again, Wales contributes around 4% each year.

It is insightful to combine the two dimensions of output 
volume and citation impact into one overview. Therefore, 
in Figure 2.8 we correlate these two dimensions, plotting 
the output on a logarithmic scale to improve the readability 
of the chart. For each country, two data points are used to 
show movement over time: the first data point is for 2004-
2008, and the second data point is for 2008-2011. 

2   output, growth and impact
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Figure 2.7A — Field-weighted citation impact for Wales 
and comparators, 2004-2011. USA, Sweden, France and 
Germany are not included for reasons of visibility. Source: 
Scopus

Figure 2.7B — A detailed view of Figure 2.7A with UK
constituent countries and the UK overall benchmark only, 
2004-2011. Source: Scopus

Figure 2.8 — Correlation between article share and field-
weighted citation impact for selected countries and country 
constituents, using a logarithmic x-axis (publication output 
share) to improve readability of the chart. Source: Scopus

Figure 2.8 shows that Wales publishes a relatively small 
volume of publications, but with increasing field-weighted 
citation impact, comparable to that of Norway, Finland, or 
Sweden. Wales’ article share is declining however, whereas 
Norway shows an increase. New Zealand displays lower 
field-weighted citation impact than Wales, as does Ireland. 
In sum, Figure 2.8 highlights Wales’ increased performance 
relative to the low to medium scale of its research system. 
This suggests that it is efficiently translating its output to 
high impact research. 

2.4   citation impact
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In addition to FWCI, other metrics can and should be taken 
as a proxy of quality of research. One single indicator can 
never provide the full picture. Therefore, it is relevant to 
look at the percentage of uncited and cited content. Uncited 
content has not been referenced in any other publications 
and therefore does not contribute to the citation impact of 
a country. There may be many reasons why these publica-
tions are relevant and important, but from a citation impact 
perspective it is recommended to keep this percentage as 
low as possible. 

Figure 2.9 shows the percentage of papers that are cited 
(i.e. have at least one citation) for Wales, the UK, and the 
world. Wales’ percentage of cited publications is higher than 
that of the UK and also higher than that of the world.

In addition, it is relevant to also examine more closely an 
indicator of excellence, e.g. the percentage of publications 
in the top 1% most cited publication. In Figure 2.10 we 
show the number of publications in the top percentile per 
country, for 2000, 2005, and 2011. publications in each of 
these years, and citations over the next 5 years are taken 
into account. For the 2011 value, fewer citations have been 
received to date, and as such this number should be seen as 

Figure 2.9 — The percentage of publications cited (having at least one citation), relative to the total number of publications 
published by a country, for Wales, the UK and world, 2007 publications and citations 2007-2011. Source: Scopus

2.5   Cited versus uncited percentage 
and top percentiles

an early indicator rather than as a fixed value 7.

For all years, Wales’ score is well above the world aver-
age, and we see a significant increase in 2011. This same 
increase can also be observed in the field-weighted citation 
values that have been presented previously. Taken together, 
these indicators show how Wales has been improving the 
quality of its research both across the board, as well as in 
the league of excellence. 

This analysis has been repeated to look at the proportion of 
articles per country falling into the top 5% most cited. The 
pattern is very similar to that of the top 1%, see Figure 2.11.

From a slightly different perspective, presented in Figures 
2.12a and B, we can see that within the set of top 1% 
publications in 2011, Wales’ share is 0.7%. Compared to 
the global share of 0.3% of publications that are Welsh, it is 
clear that Wales is punching above its weight when it comes 
to high quality publications. all countries in Figure 2.12a 
that are positioned above the trend line share this quality, 
whereas the countries below the line are not realising their 
share of top cited articles as could be expected based on 
their world share of articles.

2   output, growth and impact

■   Cited          ■   Uncited

7  For more information on the methodology, see appendix a.

WALES UK WORLD

81.7%83.6%

16.4% 18.3% 31.9%

68.1%
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Figure 2.10 — Percentage of each country’s output in the top 1% highest cited publications globally, 
2000, 2005, 2011. Source: Scopus

Figure 2.11 — Percentage of each country’s output in the top 5% highest cited publications globally, 
2000, 2005, 2011. Source: Scopus

For several analyses in this report, we make use of the 
OECD subject classification. The OECD Category scheme 
corresponds to the revised Field of Science and Technol-
ogy. Classification of the Frascati Manual 2002 8. Six main 
fields are distinguished: Natural Sciences, Engineering and 
Technology, Medical and health Sciences, agricultural Sci-
ences, and humanities. 

a further examination of the top percentile publications per 
subject field (Figure 2.13) shows that Welsh humanities 
publications are most likely to be in the top 1 percentile. 

8  http://www.oecd.org/dataoecd/36/44/38235147.pdf  annex 1 provides a complete overview of the classification.

 The complete classification can also be found in appendix B to this report.

however, it is important to note that for the 5-year block of 
data that were used here, only 32 Welsh publications for 
humanities are in the top 1%. That is still over 3% of Welsh 
output in that subject field, hence its number one ranking, 
but that number should be interpreted with caution because 
of the low volume. 
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Figure 2.12A — Global article share compared to article 
share in the top 1% highly cited articles for each country, 
2011. US excluded for clarity. Source: Scopus

Figure 2.12B — A detailed view of 2.12A with only 
relevant population size countries. 
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Figure 2.13 — Share of articles in top 1% most highly cited articles, 2007-2011, 
per subject field, for Wales, Scotland and New Zealand. Source: Scopus
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Wales’ field-weighted citation impact is rising, and it has a 
relatively high share in the top 1% highly cited articles. a 
relevant question to ask regards the provenance of these 
citations. In this section, we investigate the geographical 
distribution of the citations received by Welsh publications, 
making use of blocks of 5 years 9.

In Figure 2.14, we look at absolute numbers of citations
given to Wales, regardless of the size of a citing country. 
This means, that a large country such as the US is expected 
to rank high in such an analysis: they are the largest producer 
of publications globally, and are therefore a likely source of 
citations. 

The largest proportion of citations to Wales comes from the 
UK, and this percentage is increasing. The US is the second 
largest citing country, also increasingly, followed by Germany, 

2.6   Geographical distribution
 of citations

at roughly the same level. In 2002-2006, the fourth country 
was China, but in 2007-2011, the fourth country was France.

If we do take the size of the citing country into account, the 
picture differs. In Table 2.1 we see the top ten countries 
providing the most citations to Welsh research, relative to the 
total citations that they give in the period 2007-2011. For 
comparison, we also show the number for the period 2002-
2006. a threshold of at least 500 citations in the period 
2007-2011 has been applied, in order to compare only the 
larger research systems.

Unsurprisingly, we see that also in the relative comparison, 
the UK is the top citing country for Wales, followed by Ireland. 
The next country however, is Chile. also interesting is the 
large number of citations from the Nordic countries, as well 
as the Netherlands.

Figure 2.14 — Citation distribution for citations received by 
Wales, 2002-2006 and 2007-2011 Source: Scopus

9 There is no data at constituent level available for this analysis.

Table 2.1 — Top ten countries (plus rankings of additional 
comparator countries) by share of total number of citations 
to Wales, measured by the 2007-2011 counts and only for 
countries that received at least 500 citations in 2007-2011. 
Also listed are the numbers for the period 2002-2006. 
Source: Scopus

1
2
3
4
5
6
7
8
9

10
11
18
21
27

United Kingdom
Ireland
Chile
Norway
New Zealand
Denmark
australia
Netherlands
Sweden
Finland
Belgium
France
Germany
United States

1.38%
0.86%
0.42%
0.54%
0.68%
0.54%
0.58%
0.50%
0.44%
0.45%
0.49%
0.37%
0.38%
0.29%

1.67%
1.13%
0.92%
0.89%
0.80%
0.73%
0.72%
0.72%
0.72%
0.72%
0.67%
0.58%
0.55%
0.42%

Rank Country
%
2002-2006

%
2007-2011
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Figure 2.15 — Share of total articles for Wales relative 
to world article share with world benchmark, across 6 
research fields, 2004-2011. Source: Scopus

In Figure 2.15, the share of total articles for Wales relative to 
world article share is shown in each of the 6 main OECD sub-
ject fields. a value of 1 indicates that a country’s research 
effort (indicated by article outputs) in that field corresponds 
exactly with the world average. This is an indicator of activity, 
not of quality or citation impact.

Wales shows strong and consistent focus on Social Sciences. 
The activity focus in humanities is equally strong in 2011, 
but has shown a steep increase 10. There is relatively little ac-
tivity in Engineering, and activity in agricultural Sciences has 
seen a decline. For Natural Sciences and Medical and health 
Sciences, the activity Index remains constant between 
2004 and 2011.

2.7   Output in research fields
2   output, growth and impact

however, the more relevant comparison is that with the UK 
activity levels. In Figure 2.16, the same share of total articles 
relative to world shares chart is represented, but this time 
making use of the UK activity levels as the benchmark. here, 
a value of 1 indicates that the Welsh activity in this subject 
fields corresponds exactly to the activity within the UK overall.

In Figure 2.16, the same share of relative article share is 
represented, but this time making use of the UK activity levels 
as the benchmark. For most subject areas, Wales’ relative 
activity is very similar to that of the UK. however, Wales 
shows a particular focus of its efforts on Social Sciences and 
agricultural Sciences compared to the UK, and less activity in 
Engineering.

10  part of this increase is caused by extending Scopus coverage in 

humanities. humanities coverage in Scopus is now better than ever, 

but since journal publications are not the primary avenue of reporting 

research results in this field, extra caution is required when interpret-

ing these data.

Figure 2.16 — Share of total articles for Wales relative to 
UK article share, across 6 research fields, 2004-2011. 
Source: Scopus
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2.8   Downloads

12  Kurtz, M.J., & Bollen, J. (2012). Usage Bibliometrics. Annual Review of Information Science and Technology, 44(1).

 retrieved online from: http://onlinelibrary.wiley.com/doi/10.1002/aris.2010.1440440108/pdf
13  Schloegl, C., & Gorraiz, J. (2011). Global Usage Versus Global Citation Metrics: The Case of pharmacology Journals.

 Journal of the American Society for Information Science and Technology, 62(1): 161–170.
14  See for instance: http://www.researchtrends.com/issue28-may-2012/usage-an-alternative-way-to-evaluate-research/
15  http://usagereports.elsevier.com/asp/main.aspx

With the on-going transition from paper publication to 
electronic publication, it has become possible to use the 
number of downloads as a proxy for the usage of scientific 
publications. Downloads become available immediately 
after publications, whereas for citations to occur, a lag is 
inevitable. however, it is not always clear what is being 
measured when looking at downloads 12. recent research 
suggests a correlation between impact and downloads 13, 
but a recent study has found that this only applies to some 
disciplines, not to all 14. 

here, a download is defined as either downloading a pdf of 
an article on ScienceDirect, Elsevier’s full-text platform, 
or looking at the full-text online on ScienceDirect, without 
downloading the actual pdf. Views of abstracts are not 
included in the definition. Multiple views or downloads of 
the same article in the same format during a user session, 
will be filtered out, in accordance with the COUNTEr Code 
of practice 15.

Elsevier’s ScienceDirect platform is used for this analysis, 
meaning that these results only apply to reader’s behavior 

in Elsevier’s journals, with roughly 25% market share. how-
ever, we use this as a proxy to extrapolate across publish-
ers, as we do not expect readers’ behavior to be radically 
different from one platform to another. ScienceDirect has 
excellent global coverage, indicating that download behav-
ior from all continents and countries is taken into account in 
this analysis.

Figure 2.17 shows field-weighted download impact per 
country. Field-weighted download impact is similar to field-
weighted citation impact. The number of downloads per 
country is normalised for subject specific behavior, for the 
year, and for the article type. as a result, the world average 
is always 1. 

In Table 2.2, a more detailed look at Wales and the three 
other constituent countries is provided. We see an increase 
in field-weighted download impact for all constituents.

The subject split (see Figure 2.18) reveals a decline in field-
weighted download impact for humanities, and an increas-
ing trend for Social Sciences.

Figure 2.17 — Field-
weighted download impact 
for Wales and comparator 
countries, 2004-2011. 
World average equals 1. 
Source: ScienceDirect
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Table 2.2 — The field-weighted download impact (FWDI) and number of downloads 
for two selected periods for the UK and its constituents. Source: ScienceDirect

Figure 2.18 — Field-weighted download impact for Wales per subject, 2007-2011. 
World average equals 1. Source ScienceDirect

2   output, growth and impact
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2.9   Geographical distribution
 of downloads
In Section 2.4 we analysed the sources of citations toward 
Welsh publications. In the current section, we repeat this 
analysis using downloads.

For both 5-year periods, the largest proportion of down-
loads of Wales’ publications are made by US researchers, 
followed by the UK. China’s downloads of Wales’ content 
have increased substantially. 

In addition, we list the top downloading countries, again 
measured by the number of downloads in the period 2007-
2011, relative to their total downloads in that same period, 
with a threshold of 10,000.

When compared to the citation distribution, we see a 
more prominent role for australia. and again, the Nordic 
countries are noticeably present, but the Netherlands did 
not make it into the top ten. The most unexpected entry is 
South africa, although its shared use of the English lan-
guage may contribute to this high position.

Figure 2.19 — Download distribution for downloads
of Welsh publications, 2002-2006 and 2007-2011.

Table 2.3 — The top ten countries that have the largest 
share of its total number of downloads of publications from 
Wales, measured by the 2007-2011 counts and only for 
countries that have at least 5,000,000 downloads in the pe-
riod 2007-2011. Also listed are the numbers for the period 
2002-2006. Source: ScienceDirect
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United Kingdom
Ireland
New Zealand
australia
Norway
Sweden
Denmark
Finland
South africa
Belgium
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Germany
United States
France

0.91%
0.73%
0.70%
0.61%
0.56%
0.54%
0.54%
0.53%
0.56%
0.48%
0.48%
0.39%
0.38%
0.39%

1.13%
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0.62%
0.59%
0.57%
0.54%
0.54%
0.50%
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0.42%
0.39%

Rank Country
%
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%
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Chapter 3
Connectivity and
Collaboration

The theme of this chapter is collaboration. Different types of Welsh collaboration 
are analysed on both frequency and citation impact measures. a separate type 
of collaboration is that between academia and corporations, an indication of 
knowledge exchange between the two sectors.
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3.2   International collaboration
This chapter provides an indication of the type and frequen-
cy of published research collaboration between countries 
and regions. It includes collaboration within Wales and 
within the UK, as well as international collaboration and 
collaboration between the academic and non-academic 
sectors. 

International collaboration rates are consistently rising 16 
and internationally co-authored papers have been shown 
to have a positive effect on citations 17. In Nature, Thijssen 
et al 18. looked at international collaborations for different 
countries. Overall, the average collaboration distance in-
creased more or less linearly from 334 kilometres in 1980 
to 1,553 km in 2009.

In the context of this report, collaboration refers to co-
authorship on articles. Several levels of collaboration are 
distinguished for papers with at least one author at a Welsh 
affiliation for the purpose of this analysis:
 
►  Institutional collaboration, where all authors are from 

the same institution within Wales;

►  Collaboration within Wales, where all authors are from a 
Welsh institution but not all from the same institution;

►  Collaboration within the UK, where all authors are from 
an institution within the UK and one or more are from a 
different constituent;

3.1   Key Findings
3   connectivity and collaboration

60%

6.4% 2.76

2.00
FrEQUENCY OF COLLaBOraTION
OUTSIDE WaLES

GrOWTh OF COLLaBOraTION
OUTSIDE UK

COLLaBOraTION BETWEEN
aCaDEMIa aND INDUSTrY

FIELD-WEIGhTED CITaTION IMpaCT
OF COLLaBOraTION OUTSIDE UK

Wales has the highest percentage of outside 
UK constituent collaboration of all constituent 
countries. Of these, 20% are publications co-
authored with an author from within the UK, 40% 
co-authored with an author from outside the UK.

Collaboration outside the UK saw the strongest 
5-year compound annual growth rate of over 6%. 
In that same period, the total Welsh output grew 
with almost 2%, meaning that collaboration outside 
UK is growing more rapidly than the total output.

Wales shows a relatively low volume of academic-
industry collaborative papers, but these 
publications result in relatively high field-weighted 
citation impact of 2.76. This is above the world 
average for this type of collaboration of 1.68.

Collaboration outside the UK results in the 
highest field-weighted citation impact of all 
collaboration types for the UK, at 2.00 in 2007-
2011. The field-weighted citation impact grew 
from 1.74 in 2002-2006.
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16 he. T. (2009). International scientific collaboration of China with the G7 countries. Scientometrics, 80(3), 571-582.
17  Glänzel, W. (2001). National characteristics in international scientific co-authorship relations. Scientometrics, 51 (1), 69-115.
18  Tijssen, r., Waltman, L, & van Eck, N.J. (2011). Collaborations span 1,533 kilometres. Nature, 473, 12 May, 154.

Figure 3.1 — Different collaboration types in Welsh publications for five-year blocks, 
1997-2001, 2002-2006 and 2007-2011. Source: Scopus
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3.2   international collaboration

►  International collaboration, where at least one affiliation 
is outside the UK; and 

►  non-academic collaboration, which refers to collabora-
tion between the academic sector on the one hand, and 
other sectors such as industry or government on the other. 
Even though this is a form of collaboration and therefore 
included in this chapter, it is also equally relevant to Knowl-
edge Exchange between the academic and the corporate 
sector, which is the focus of the next chapter. 

Figure 3.1 provides an overview of the different collabora-
tion types for publications with at least one author listing 
a Welsh affiliation. It shows how the vast majority of Welsh 
articles result from collaboration outside the UK. This share 
has increased in the last years to over 40% of all publica-
tions in 2011. a relatively small portion of publications 
results from collaboration within Wales. Similarly, the insti-
tutional collaboration as well as single author papers are 
decreasing. Collaboration within the UK remains relatively 
stable with a small increase. 

■   2007-2011
■   2002-2006
■   1997-2001

Outside UK

Within UK

Within Wales

Single author

Institutional

40.2%
33.4%

25.4%

20.3%
19.8%

19.3%

4.5%

13.2%

21.0%

4.9%

15.4%

26.0%

4.4%

17.6%

32.9%
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In Figure 3.2, we combine Wales’ publication share and 
citation impact for the different collaboration types into one 
graph. The strongest 5-year compound annual growth rate is 
observed in outside UK collaboration, namely 6.4%, whereas 
within UK collaboration frequency remained constant, and 
the other collaboration types see a decrease in frequency. 

It is obvious that international collaboration not only accounts 
for the largest proportion of Welsh articles, it also results 
in the highest field-weighted citation impact. In fact, when 
comparing Wales to the other constituent countries, we see 
that except for Northern Ireland, all constituent countries’ 
international publications receive on average a field-weighted 
citation impact of more than twice the world average.

International collaboration is both frequent and highly 
impactful for Wales. however, this does not hold true for all 
subject fields. In fact, the range is quite broad, with 12% of 
all publications in humanities in 2007-2011 being co-au-
thored with an author from outside of the UK, 25% in Social 
Sciences, 34% in Medical and health Sciences, 45% in 
Engineering and Technology, 52% in Natural Sciences, and 
54% in agricultural Sciences.

Figure 3.2 — Publication share and 
field-weighted citation impact per 
collaboration type, Wales, for five year 
block data points, 1997-2001, 2002-
2006, 2007-2011. Source: Scopus
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This section of the report focuses on a special type of col-
laboration: that between an academic institution on the one 
hand and a corporate institution on the other. This type of 
collaboration is expected to be highly beneficial for citation 
impact, as it brings together two different sectors and two 
different worlds of research. For a definition of sectors, see 
appendix C.

Figure 3.3 shows how Wales has a relatively low volume of 

Which countries do Welsh researchers collaborate with most 
often? The analysis in Figure 3.4 presents the Top 25 in 
terms of the most prolific collaborations, and divides these 
into categories, depending on the effect that this collabora-
tion has on both countries’ field-weighted citation impact.

Figure 3.4 shows in more detail Wales’ international collabo-
ration partners. On the horizontal axis, the field-weighted 
citation impact of the collaboration is shown. On the verti-
cal axis, the incremental benefit for the partner is shown, 
compared to their overall level of international collaboration. 
Therefore, collaboration between Wales and all countries 
plotted to the right of the vertical line, have positive effects 
on Wales’ field-weighted citation impact. Collaborations be-
tween Wales and all countries above the horizontal line have 
positive effects on the collaborating country’s field-weighted 
citation impact. 

Figure 3.3 — Article 
shares and FWCI for 
collaboration between 
academia and industry, 
per country, 2007-
2011. Source: Scopus

3.4   Cross-sector collaboration

3.5   Wales’ collaboration partners

academic-industry collaborative publications at 2.65%, but 
these publications result in relatively high field-weighted 
citation impact of 2.57, only outranked by Scotland, the 
Netherlands and Belgium.

In chapter 4, alternative indicators are presented to evalu-
ate the strength of the relationship between these two sec-
tors, as well as the degree of knowledge sharing between 
the two.

For Wales, all 25 most prolific collaborations fall into the 
upper right quadrant of Figure 3.4, indicating that these 
collaborations are associated with higher citation impact 
for both collaboration partners. however, in the case of 
collaboration with English researchers, this is only having a 
very small effect on Wales’ citation impact, and a negligible 
effect on England’s impact. The largest benefits on field 
weighted citation impact for Wales are realised in collabora-
tions with the countries on the right side of the chart, such 
as Norway, Sweden, and Denmark.

Wales’ collaboration is truly international. aside from col-
laboration with constituent countries such as Scotland and 
England, we see European partners such as the Nether-
lands, Switzerland, Denmark and Belgium, global partners 
such as the USa, Canada, australia and Japan, and also 
emerging research countries such as China and India.

3.4   cross-sector collaboration
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Table 3.1 — Top 10 collaborating countries with Wales, 
volume of collaboration in terms of publications in 2007-
2011 and field-weighted citation impact 2007-2011. 
Source: Scopus

England
United States
Scotland
Germany
France
China
australia
Canada
Italy
Spain

9110
3422
1671
1661
1364
1212
1176
1132
1097
1049

1.96
2.64
2.54
2.86
2.96
2.37
3.30
3.24
3.05
2.80

Collaborating 
partner

number of
publications
2007-2011

Field-weighted 
citation impact 
2007-2011

3   connectivity and collaboration

Figure 3.4 — Collaboration partners for Wales, 2007-2011. Top 25 most prolific collaboration partners represented 
in blue. Other collaboration partners with more than 10 collaborative publications are represented by the other 
circles. Size of the circles represents size of the collaboration in terms of publication volume. Source: Scopus
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Chapter 4
Knowledge
Transfer

This chapter focuses on the knowledge and people exchange between the academic 
sector and industry. Measures that provide indications for the strength of this 
relationship are patent citations, download behaviours, cross-sector movement of 
researchers, Ip income, and information on start-up/spinoff companies.
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4.1   Key Findings
4   knowledge transfer

417

1ST

BALAnCED 1ST

1.55
paTENT appLICaTIONS

Ip DISCLOSUrES

CrOSS-SECTOr MOBILITY
STarTUpS/SpINOFFS

paTENT CITaTIONS

at 417 the absolute number of patent applications 
from Wales is low for the period 2008-2011 
compared to comparator countries. This also 
applies to the number of patent applications 
relative to the number of Welsh publications over 
the same period.

at 0.259 per unit GErD, Wales had the highest 
level of Ip disclosures of the constituent countries 
in 2011. 

The number of researchers leaving academia for 
industry and vice versa is balanced in terms of 
reciprocal relationships for Wales.

at 0.319 per unit GErD, Wales had the highest 
level of start-ups and spin-offs of the constituent 
countries In 2011.

In 2010 Welsh research is cited 55% above 
world average in patents. This compares to 67% 
above world average for the UK, 67% above 
world average for England, and 84% above world 
average for Scotland.
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19 Bassecoulard, E., & Zitt, M. (2004). patents and publications: The Lexical Connection. In: Moed, h.F., Glänzel, W., & Schmoch, U. (eds.) (2004).   

 handbook of Quantitative Science and Technology research. The Use of publication and patent Statistics in Studies of S&T Systems, pp.665-694.  

 Dordrecht, the Netherlands: Kluwer academic publishers.
20 See http://www.researchtrends.com/category/issue-33-june-2013/ for more details on this subject.

4.2   Patents
In early citation studies technological progress was viewed 
as more or less a direct result of scientific progress. To 
paraphrase Bassecoulard & Zitt 19, it had been assumed 
that there is a diachronic relationship in which the science of 
today is the technology of tomorrow. however, as many au-
thors have since made clear, there are several issues related 
to using a linear model. Over the last decades ‘science’ (be-
ing more theoretical) and ‘technology’ (more practical) have 
become closely intertwined. It is even becoming increasingly 
common for a researcher to be active in both worlds; i.e. one 
may work at a corporate r&D lab, but also hold an academic 
position (adjunct professorship) or vice versa 20.

Figure 4.1 — Number of patent applications from European 
patent office for Wales and selected relevant compara-
tors, 2000-2003, 2004-2007, 2008-2011. Source: WIPO 
| Extracted on August 2013 from WIPO | WIPO Statistics 
Database | URL: http://www.wipo.int/ipstats/en/statistics/
patents/ | Note: Counts are based on the patent filing date. 
Country of origin is the residence of the first-named appli-
cant (or assignee). Data by origin might be incomplete.

Wales 499 433 417

Figure 4.2 — Number of patent applications normalised 
for number of publications for each country, 2000-2003, 
2004-2007, 2008-2011. Source: Scopus and WIPO | 
Extracted on August 2013 from WIPO | WIPO Statistics 
Database | URL: http://www.wipo.int/ipstats/en/statistics/
patents/ | Note: Counts are based on the patent filing date. 
Country of origin is the residence of the first-named appli-
cant (or assignee). Data by origin might be incomplete.

From Figures 4.1 and 4.2, we can see that Wales produces 
a low number of patents both in absolute and relative 
terms. In relative terms, we have normalised the number 
of patent applications by the number of publications from 
each country in Figure 4.2. all patent applications (regard-
less of whether filed by an academic or business entity) 
are taken into account, as well as all publications (regard-
less of whether they have been authored by an academic 
or a corporate institution). The reason for doing so is that 
countries with larger volumes of scientific publications can 
be expected to also have higher numbers of patents, as 
research is often at the basis of a patent.

4.2   patents
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In Figure 4.3, a different normalisation is applied, namely 
by GErD. The reason for doing so is that higher the ex-
penditure on r&D, the more patents can be expected to 
be filed by that country.

however, if we look at how often Welsh research is 
referenced in patent applications, we see that there is 
an increasing trend (see Figure 4.4). all indicator values 
have been normalised to the world average, so that a 
value of above 1 indicates an above world average value. 
absolute numbers of patent citations per publications 

decrease, as typically these patent citations accrue 
over time. Welsh research seems to be increasingly used 
and referenced in patents, which can be considered a 
measure of innovativeness and concrete applicability and 
technological use.

Figure 4.5 shows the same conclusion, this time for the 
most recent 5 years combined. Wales’ position regard-
ing patent citations is slightly below the UK, but remains 
above world average and above countries such as Nor-
way and New Zealand. 

Figure 4.3 — Number of patent applications normalised for 
GERD, 2000-2003 patent applications, 2004-2007, 2008-
2011. Source: Scopus and WIPO | Extracted on August 
2013 from WIPO | WIPO Statistics Database | URL: http://
www.wipo.int/ipstats/en/statistics/patents/ | Note: Counts 
are based on the patent filing date. Country of origin is the 
residence of the first-named applicant (or assignee). Data by 
origin might be incomplete.

Figure 4.4 — World normalised patent citations per 
publication, for Wales and selected comparator countries, 
2004-2010 (2011 left out because of low volume). Source: 
LexisNexis Univentio and Scopus

Figure 4.5 — Patent citations 
per publication, for Wales and 
selected comparator countries, 
2007-2011. Source: LexisNexis 
Univentio and Scopus 

4   knowledge transfer

Denmark
Ireland
Finland

England
Scotland

United Kingdom
Italy

Wales
Norway

Northern Ireland
World

New Zealand

paTENT CITaTIONS/ pUBLICaTIONS 2007-2011

0 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

2000-2003 2004-2007 2008-2011 

FIN

DNK

ITA

NZL
IRL

ENG
NOR
WAL
SCO
NIR

N
U

M
BE

R
 O

F 
PA

TE
N

T 
A

PP
LI

C
A

TI
O

N
S

 / 
G

E
R

D

DNK

WLD

SCO
FRA
ENG
USA
UK
NOR
WAL
ITA

NIR

W
O

R
LD

 N
O

R
M

A
LI

S
ED

 P
A

TE
N

T 
C

IT
A

TI
O

N
S

 / 
N

U
M

B
E

R
 O

F 
PU

B
LI

C
A

TI
O

N
S

0.5

1.0

1.5

2.0

2.5

3.0

2004 2005 2006 2007 2008 2009 2010 



47

Figure 4.6 — Downloads of publications with at least one 
corporate author by sector, 2002-2006 and 2007-2011. 
Source: ScienceDirect

4.3 Download account type share
 of corporate articles

4.4 Movement between academic
 and industry sectors

In Figure 4.6 we show the share of the account types that 
download articles with at least one corporate author. as 
such, this is an indication of who is making use of publica-
tions that are produced by industry authors and therefore an 
indicator of knowledge exchange between the two sectors. 

academic users download this type of publications most of-
ten. This is to be expected, as academic users are dominant 
in the population making use of the ScienceDirect platform. 
however, if content produced by industry authors was of 
interest only to industry readers, the download percentage 
by academic users would not be as high as we can observe 
here. as such, this is a strong indicator of knowledge ex-
change between academia and industry. 

additionally, we see that the share of Corporate accounts 
has grown significantly (from 4.5% to 7.8%). The share of 
Medical accounts however, has decreased from 1.9% to 
0.75%.

We have investigated to what extent researchers move 
between sectors, more specifically between academia and 
industry. By tracking the affiliations that an author lists, it is 
possible to analyse movement between countries, such as 
the Brain Circulation analysis reported for BIS’ International 
Comparative performance of the UK research Base 2011 21 
and in the previous chapter, but also between sectors. 

a complicating factor in such an analysis is that some authors 
who are active in industrial research publish with two or 
more different affiliations, showing their attachment to both 
academia and industry. This explains why, as can be seen 
in Figure 4.7, the numbers of moves between academia for 
industry and vice versa, are very similar. These could possibly 
be people who sometimes publish with either, sometimes with 
both affiliations, depending on the study that they are report-
ing on. Therefore, the most important factor to analyse here 
would be the surplus: the number of moves between the sec-
tors in one direction after deducting those in the other direc-
tion. By doing so, the influence of the fluctuations (which do 
not indicate movement but simply co-affiliation) is minimised. 

21 http://www.bis.gov.uk/assets/biscore/science/docs/i/11-p123-  

 international-comparative-performance-uk-research-base-2011.pdf
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Figure 4.7 — Cross-sector moves of researchers (not number of researchers moving) between aca-
demia and industry, either domestically or internationally for Wales and comparators, 1996-2012. 
Note the difference in scale for England’s chart. Source: Scopus

In the case of Wales, 42 moves occurred from academia to 
industry between 1996-2012, and 41 moves from industry 
to academia. This indicates that within Wales, there is a bal-
anced exchange between the two sectors, albeit small.

If we expand this analysis to now include international 
movement, we see that there were 766 moves from Wales’ 
academic affiliations to industry internationally versus 668 
in the opposite direction. 

From Wales’ corporate institutions into academia abroad 
there were 72 moves, compared to 74 in the opposite direc-
tion. 

Comparator UK constituent countries show similar patterns 
of movement. For all, there is less cross-sector movement 
within the country than internationally. For all constituent 
countries, there is balanced In- and Outflow.
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4.5 Intellectual Property
Intellectual property (Ip) describes intangible assets, such 
as discoveries and inventions, for which exclusive rights 
may be claimed. Common types of Ip include that which is 
codified in copyright, trademarks, patents, designs, etc. 

a small set of indicators has been proposed 22 for the com-
mercial potential of research and its use by industry, includ-
ing Ip income (license revenue), Ip disclosures (invention 
disclosures), and new and on-going start-up and spin-off 
companies. To allow for meaningful international compari-
sons, these output indicators are all relativised to the input 
indicator Gross Domestic Expenditure on r&D (GErD; see 
Chapter 1).

Ip income is revenue (typically in the form of fees and royal-
ties) from the licensing of Ip for use by a third party. Wales 
derived some $2,895 in Ip income per unit GErD in 2011, 
which is very similar to the UK’s $2,968 23.

22 http://www.merit.unu.edu/publications/wppdf/2008/wp2008-075.pdf
23 a direct comparison between Wales and comparator countries cannot be made,

 as the data is not available from within a single source.

Figure 4.8 — IP income per unit GERD for the UK and constituent countries with available 
data, 2009-2012. Source: Higher education-business and community interaction survey | 
Extracted on 04 Sept 2013 | URL: http://www.hefce.ac.uk/econsoc/buscom/hebci/ 
| Conversion: data converted from GBP to USD @ 1 GBP = 1.567 USD
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Start-ups and spin-offs are companies created (as a new 
entity in the former case, or as a formal split of an existing 
entity in the latter case) for the purpose of developing or 
exploiting Ip under license or other agreement from the Ip 
owner. Wales had the highest level of start-ups and spin-
offs per unit GErD in 2011 of the constituent countries 
(see Figure 4.10), at 0.319 per unit GErD. This is well 
above the UK benchmark, as well as above the other con-
stituent countries.

4.6 IP disclosures 
Ip disclosures are descriptions of discoveries or inventions 
for evaluation by patent experts to assess the potential 
for proceeding with a patent application. Wales had the 
highest level of Ip disclosures per unit GErD in 2011 of the 
constituent countries (see Figure 4.9), at 0.259 per unit 
GErD. This represents an increase from 0.152 in 2010. Of 
the remaining constituent countries, Northern Ireland ranks 
second, then Scotland, and finally the UK and England show 
very similar levels of Ip disclosure, most probably due to the 
larger size of England and therefore its influence on the UK.

Figure 4.9 — IP disclosures within UK, 2011. Source: Higher education-business and community 
interaction survey | Extracted on 04 Sept 2013 | URL: http://www.hefce.ac.uk/econsoc/buscom/hebci/ 
| Conversion: data converted from GBP to USD @ 1 GBP = 1.567 USD

Figure 4.10 — Startups/spinoffs per unit GERD 2011 for constituent countries. Source: Higher education-
business and community interaction survey | Extracted on 04 Sept 2013 | URL: http://www.hefce.ac.uk/
econsoc/buscom/hebci/ | Conversion: data converted from GBP to USD @ 1 GBP = 1.567 USD
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Chapter 5
Conclusion

In this final chapter, a high level comparison is presented between Wales and 
comparator countries on important indicators. 



52

5.1 Conclusion
The introduction to this report outlined central questions to 
which we now provide brief answers. 

►  How productive and efficient is Wales’ use of research 
inputs (i.e. human capital and funding)?

Wales’ use of research inputs is highly productive and 
efficient and outranks most – and in some cases even all - 
comparator countries (see Figure 5.1). however, the primary 
reason for this impressive efficiency has been the decline 
in GErD and the relatively slow growth of the researcher 
population.

►  What is the pattern of migration for active researchers? 
Welsh researchers are highly mobile. Those researchers mov-
ing into Wales show high field-weighted citation impact. 

►  How does Wales’ research output compare to compara-
tive research countries and how has this changed over 
time? 

Wales accounts for 0.3% of publication output globally and 
4% of the UK output and shows below average growth. 

►  What is the quality of Wales’ research as measured by 
citation-based metrics relative to comparator countries? 

0.7% of the highly cited articles have at least one Welsh au-
thor, meaning that Wales’ output is of relatively high quality. 
Wales’ field-weighted citation impact is above world average 

and increasing. Figure 5.2 below shows Wales’ relative 
position on several important indicators of quality. The 
most notable difference between the countries is on patent 
citations/-publications, for which Wales outperforms all 
comparators. For articles in top percentiles, Wales’ score is 
equally high.

►  What is the extent of Wales’ collaborate research inter-
nationally and what are the main countries that Wales 
collaborates with? 

Wales’ internationally collaborative publications are increas-
ing in number, and are associated with high field weighted 
citation impact. The main collaborating countries are local 
(England, Scotland), European (Netherlands, Switzerland, 
Denmark and Belgium), global (USa, Canada, australia and 
Japan), and include emerging research nations (China and 
India). 

►  To what extent is there knowledge exchange between 
academia and industry? 

although small, there is evidence of knowledge exchange 
between the academic and industry sector in Wales, but 
cross-sector flows of people remain limited. This type of 
collaboration is less frequent, but results in high field-
weighted citation impact. Wales has the highest level of Ip 
disclosures and highest level of start-ups and spin-offs for 
UK constituent countries per unit GErD.

Figure 5.1 — Relative position of Finland, Ireland, Norway, 
New Zealand and the UK to Wales on publications and 
citations per researcher, GERD, and HERD. Publication 
indicator values are for 2011, citation indicator values are 
for 2007-2011. Source: Scopus, OECD, ONS

Figure 5.2 — Relative position of Finland, Ireland, Norway, 
New Zealand and the UK to Wales on field-weighted citation 
impact, percentage of cited content, percentage in top 1 
percentile, in top 5 percentile, patent citations per number 
of publications, and field-weighted download impact, 2011. 
Source: Scopus, ScienceDirect, LexisNexis
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appENDIX a
METHODOLOGy
& GLOSSARy

Methodology and rationale
Our methodology is based on the theoretical principles 
and best practices developed in the field of quantitative 
science and technology studies, and in particular those in 
science and technology indicators research. The handbook 
of Quantitative Science and Technology research: The Use 
of publication and patent Statistics in Studies of S&T Sys-
tems (Moed, Glänzel and Schmoch, 2004) 24 gives a good 
overview of this field and is based on the pioneering work 
of Derek de Solla price (1977) 25, Eugene Garfield (1979) 26 
and Francis Narin (1976) 27 in the USa, and Christopher 
Freeman, Ben Martin and John Irvine in the UK (1981, 
1987) 28. additionally, several European institutes including 
the Centre for Science and Technology Studies (CWTS) at 
Leiden University, the Netherlands, and the Library of the 
academy of Sciences in Budapest, hungary have made 
important contributions to this field.

The analyses of bibliometric data in this report are based 
upon recognised advanced indicators (e.g., the concept of 
relative citation impact rates) and our base assumption is 
that such indicators are useful and valid, though perhaps 
imperfect and partial measures in the sense that their 
numerical values are determined by research performance 
and related concepts, but also by other, influencing factors 
that may cause systematic biases. In the past decade, the 
field of indicators research has developed a best practice, 
which states how indicator results should be interpreted, 
and which influencing factors should be taken into account. 
Our methodology builds on these practices. 

Article types
For all bibliometric analysis, only the following document 
types are considered: 
 ►  article (ar)
 ►  review (re)
 ►  Conference proceeding (cp).

Counting
all analyses make use of whole counting rather than 
fractional counting. For example, if a paper has been co-
authored by one author from Wales and one author from 

the Netherlands, then that paper counts towards both the 
publication count of Wales, as well as the publication count 
of the Netherlands. Total counts for each country are the 
unique count of publications.

We acknowledge that “there is no fair method to determine 
how much money, effort, equipment and expertise each 
researcher, institute or country contributes to a paper and 
the underlying research effort. Dividing up a paper between 
the participating units is therefore to some extent arbitrary. 
Our basic assumption is that each author, main institution 
and country listed in the affiliated addresses made a non-
negligible contribution. Each paper is therefore assigned 
in the full to all unique authors, institutions and countries 
listed in the address heading.” Extended technical annex to 
chapter 5 of the ‘Third European report on S&T Indicators ’; 
“Bibliometric analyses of World Science” by robert Tijssen 
and Thed van Leeuwen, CWTS, Leiden University. 29  

Data Sources
Scopus is Elsevier’s abstract and citation database of peer-
reviewed literature, covering 50 million documents pub-
lished in over 21,000 journals, book series and conference 
proceedings by some 5,000 publishers. Scopus coverage 

24  Moed, h.F., Glänzel, W., & Schmoch, U. (eds.) (2004). handbook of 

Quantitative Science and Technology research. The Use of publica-

tion and patent Statistics in Studies of S&T Systems. Dordrecht, the 

Netherlands: Kluwer academic publishers.
25  de Solla price, D.J. (1978). Foreword. Essays of an Information Scien-

tist, 3: v–ix.
26  Garfield, E. (1979). Is Citation analysis a Legitimate Evaluation Tool? 

Scientometrics 1(4): 359–375.
27  pinski, G., & Narin, F. (1976). Citation Influence for Journal aggregates 

of Scientific publications: Theory, with application to the Literature of 

physics. Information Processing & Management 12(5): 297–312.
28  Irvine, J., Martin, B. r., abraham, J., & peacock, T. (1987). assess-

ing Basic research: reappraisal and Update of an Evaluation of Four 

radio astronomy Observatories. Research Policy 16(2–4): 213–227.
29  ftp://ftp.cordis.europa.eu/pub/indicators/docs/3rd_report_biblio_ext_

methodology.pdf
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is multi-lingual and global: approximately 21% of titles in 
Scopus are published in languages other than English (or 
published in both English and another language). In addition, 
more than half of Scopus content originates from outside 
North america, representing many countries in Europe, 
Latin america, africa and the asia pacific region.
 
Scopus coverage is also inclusive across all major research 
fields, with 6,900 titles in the physical Sciences, 6,400 in 
the health Sciences, 4,150 in the Life Sciences, and 6,800 
in the Social Sciences (the latter including some 4,000 arts 
& humanities related titles).
Titles which are covered are predominantly serial publica-
tions ( journals, trade journals, book series and conference 
material), but considerable numbers of conference papers 
are also covered from stand-alone proceedings volumes (a 
major dissemination mechanism, particularly in the comput-
er sciences). acknowledging that a great deal of important 
literature in all fields (but especially in the Social Sciences 
and arts & humanities) is published in books, Scopus has 
begun to increase book coverage in 2013, aiming to cover 
some 75,000 books by 2015.

Lexisnexis
LexisNexis Univentio from LexisNexis (a business of reed
Elsevier, Elsevier’s parent company) is a full-text patent
database with coverage of over 65 million patent publica-
tions from over 80 patent countries. For this report, a static
version of the LexisNexis Univentio database covering the
period 2007-2011 inclusive was analysed for citations to
the journal literature indexed in Scopus.

Office for national Statistics
The Office for National Statistics (ONS) is the national 
statistical institute for the UK. It is responsible for collect-
ing and publishing statistics related to the economy, popula-
tion and society at national, regional and local levels, and 
conducts the census in England and Wales every ten years. 
The Office for National Statistics collects data on UK GErD 
and related indicators and the data are available in the 
Datasets and reference Tables database (www.ons.gov.uk/
ons/datasets-and-tables/index.html).

World Intellectual Property Organisation
World Intellectual property Organization, an agency of the 
United Nations created in 1967 to promote the protection 
of intellectual property globally. WIpO collects internation-
ally comparable data on patenting activity and the data are 
available in the WIpO Ip Statistics Data Center (ipstatsdb.
wipo.org). Methodological notes on the collection and usage 
of these data are available 30. Data are presented for the 
most recent five years for which data are available.

CaGr (t0, tn) = (V (tn) / V (t0))                1

V (t0): start value, V (tn): finish value, tn t0: number of years.

tn t0


1

30  See www.wipo.int/export/sites/www/ipstats/en/statistics/patents/

pdf/ patent_stats_methodology.pdf

OECD
Main Science and Technology Indicators – This biannual 
publication provides a set of indicators that reflect the level 
and structure of the efforts undertaken by OECD Member 
countries and nine non-member economies in the field of 
science and technology. The indicators cover the resources 
devoted to research and development, patent families, 
technology balance of payments and international trade in 
r&D-intensive industries.

Publication output
The number of publications per country, which have at least 
one author affiliated to an institution in that country. a 
publication which is co-authored by authors from different 
countries, thus counts towards the publication output of 
each country.

CAGR: Compound Annual Growth Rate
The Compound annual Growth rate is defined as the year-
over-year constant growth rate over a specified period of 
time. Starting with the first value in any series and applying 
this rate for each of the time intervals yields the amount in 
the final value of the series.

Field-weighted Citation Impact
Field-weighted citation impact is an indicator of mean cita-
tion impact, and compares the actual number of citations 
received by an article with the expected number of citations 
for articles of the same document type (article, review or 
conference proceeding paper), publication year and subject 
field. Where the article is classified in two or more subject 
fields, the harmonic mean of the actual and expected cita-
tion rates is used. The indicator is therefore always defined 
with reference to a global baseline of 1.0 and intrinsically 
accounts for differences in citation accrual over time, 
differences in citation rates for different document types 
(reviews typically attract more citations than research 
articles, for example) as well as subject-specific differences 
in citation frequencies overall and over time and document 
types. It is one of the most sophisticated indicators in the 
modern bibliometric toolkit.

When field-weighted citation impact is used as a snapshot, 
an unweighted variable window is applied. The field-
weighted citation impact value for ‘2008’, for example, is 
comprised of articles published in 2008 and their field-
weighted citation impact in the period 2008-12, while for 
‘2012’ it is comprised of articles published in 2012 and 
their field-weighted citation impact in 2012 alone.
When field-weighted citation impact is used in trend 
analysis, a weighted moving window is applied. The field-

appendix a
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weighted citation impact value for ‘2010’, for example, 
is comprised of the weighted average of the unweighted 
variable field-weighted citation impact values for 2008 and 
2012 (weighted 13.3% each), 2009 and 2011 (weighted 
20% each) and for 2010 (weighted 33.3%). The weighting 
applies in the same ratios for previous years also. however, 
for 2011 and 2012 it is not possible to extend the weighted 
average by 2 years on either side, so weightings are read-
justed across the remaining available values.

Macro-economic terms (OECD)
Gross domestic expenditure on research and development 
(GErD) is the total intramural expenditure on research and 
development performed on the national territory during a 
given period.
GErD can be split further into BErD (Expenditure on r&D in 
the Business Enterprise sector), hErD (Expenditure on r&D 
in the higher Education sector) and GOVErD (Government 
Intramural Expenditure on r&D). 

Gross domestic product is an aggregate measure of produc-
tion equal to the sum of the gross values added of all resident 
institutional units engaged in production (plus any taxes, and 
minus any subsidies, on products not included in the value 
of their outputs). The sum of the final uses of goods and 
services (all uses except intermediate consumption) meas-
ured in purchasers' prices, less the value of imports of goods 
and services, or the sum of primary incomes distributed by 
resident producer units.

Researcher Mobility
►  Brain Inflow: Inflow and returnees Inflow added together.

►  Brain Outflow: Outflow and returnees Outflow added 
together.

►  Citations per paper (cpp): the simplest method to cal-
culate citation impact is to look at average citations per 
article. In this report, we look at citations in 1996-2011 
and articles in 1996-2011 and divide the former by the 
latter.

►  Sedentary: researchers who appear to never have been 
affiliated with an institution outside the country where 
they first published.

►  Inflow: researchers who have started to publish with an 
affiliation in a different country, but moved into the coun-
try.

►  Outflow: researchers who started to publish within the 
country, but have left and now publish in a different coun-
try.

►  Relative productivity: represents articles per year since 

the first appearance of each researcher as an author in 
the database during the period 1996-2011, relative to 
all researchers in that country in the same period.

►  Relative seniority: represents years since the first 
appearance of each researcher as an author in the data-
base, during 1996-2011, relative to all researchers in 
that country in the same period. 

►  Returnees Inflow: researchers who move out of the 
country and subsequently returned after more than two 
years.

►  Returnees Outflow: researchers who move into the 
country and subsequently left after more than two 
years in the country.

►  Transitory Brain Mobility: researchers who stay less 
than two years either in the country or outside of the 
country. Transitory (mainly non-country) indicates the 
researchers who are based in other countries and have 
transitory mobility into the country of interest, whereas 
Transitory (mainly country) indicate researchers from 
within the country of interest who have shown transi-
tory mobility to other countries.
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appENDIX B
OECD SUBJECT
CLASSIFICATIOn

1.  natural sciences
1.01 Mathematics
1.02 Computer and information sciences
1.03 physical sciences and astronomy
1.04 Chemical sciences
1.05 Earth and related environmental sciences
1.06 Biological sciences
1.07 Other natural sciences

2.  Engineering and technology
2.01 Civil engineering
2.02 Electrical eng, electronic eng
2.03 Mechanical engineering
2.04 Chemical engineering
2.05 Materials engineering
2.06 Medical engineering
2.07 Environmental engineering
2.08 Environmental biotechnology
2.09 Industrial biotechnology
2.11 Other engineering and technologies

3.  Medical and Health sciences
3.01 Basic medical research
3.02 Clinical medicine
3.03 health sciences

4.  Agricultural sciences
4.01 agriculture, forestry, fisheries
4.02 animal and dairy science
4.03 Veterinary science
4.05 Other agricultural science

5.  Social sciences
5.01 psychology
5.02 Economics and business
5.03 Educational sciences
5.04 Sociology
5.05 Law
5.06 political science
5.07 Social and economic geography
5.08 Media and communication
5.09 Other social sciences

6.  Humanities
6.01 history and archaeology
6.02 Languages and literature
6.03 philosophy, ethics and religion
6.04 art
6.05 Other humanities
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Academic 
►  univ (university): universities and other institutes that 

grant undergraduate, graduate, and/or ph.D. degrees as 
well as engage in research. Examples: Cornell Univer-
sity, harvard University.  

►  coll (college): two or four year degree granting institu-
tions as well as engage in research to some degree. 
Examples of two year colleges: Trinity Valley Commu-
nity College (http://www.tvcc.edu/), Mira Costa College 
(http://www.miracosta.cc.ca.us/).  

►  resi (research institute): organizations whose primary 
function is to conduct research and may include some 
educational activities but are not universities. Example: 
Salk Institute, members of the Max-planck Society (MpI 
of Biochemistry and others).  

Medical 
►  meds (medical school): organizations that offer medi-

cal degrees as well as engage in research. Examples: 
harvard Medical School; Brown Medical School. Do 
not designate dental schools and other health related 
degrees as "meds".  

►  hosp (hospital): organizations whose primary function 
is to provide health care although they may also do 
research. Example: Johns hopkins hospital, royal perth 
hospital.  

Corporate 
►  comp (company): commercial entities primarily operat-

ing with a profit motive although some so-called non-
profit organizations could potentially be classified as 
companies. Examples: IBM, hp.  

►  lawf (law firm): business entities formed by one or more 
lawyers to engage in the practice of law. Examples: 
Baker and McKenzie LLp (http://www.bakernet.com/
BakerNet/default.htm).  

Government 
►  govt (government): includes all levels of government as 

well as UN. Example: US Department of Energy.  

appENDIX C
SECTOR ORGAnIZATIOn
TyPE DESCRIPTIOn 

►  milo (military organization): Example: US army re-
search Laboratory, Weapons and Materials research 
Directorate.  

Other 
►  poli (policy institute): policy is the primary function of 

organizations of "poli" type while they may also engage 
in research and perhaps even some development. 
Example: raND Corporation.  

►  ngov (non-governmental organization): organizations 
primarily focused on development and social/political 
progress, but nevertheless produce research docu-
ments. red Cross is an example.  
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