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Abstract With the advent of mass higher education and the consequent absorption of
significant national resources, both public and private, it is inevitable that universities are
increasingly expected to meet a range of societal needs. They are expected to ‘connect’
with society at large. In this paper, we argue that connectivity is best integrated with
research, teaching and scholarship and should not be relegated to a ‘third stream’. We
compare degrees of connectivity of 50 national systems of higher education using ten
indicators, making a distinction between domestic and international connectivity. The
strongest finding is that smaller countries exhibit the highest level of international con-
nectivity. The higher education systems in countries with large absolute numbers of re-
searchers such as the USA, China and Japan are relatively self-contained compared with
countries such as Ireland, Switzerland and Singapore. Another finding is the relative in-
sularity of the education sector in Eastern Europe, including the Russian Federation. When
differences in levels of economic development are allowed for, among lower-income
countries South Africa stands out as having a well-connected higher education sector.

Keywords University engagement - Third mission - Connectivity - Benchmarking -
Ranking - Universitas 21

Introduction

Universities are institutions that undertake a wide range of activities, but the importance
attached to each activity by various societal stakeholders may differ from those of the
sector itself. In broad terms universities: teach students; undertake research and train
researchers; and engage with the rest of society, both nationally and internationally. In the
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past decade, the popularity of international rankings that are based primarily on research
performance has led to a much-increased emphasis on that activity. University adminis-
trators, especially those in Europe, Asia and Oceania, deem these rankings to be important
(Hazelkorn 2007, 2008; Marginson and van der Wende 2007) with consequent effects on
mission statements that emphasise research. Hundreds of universities throughout the world
wish to be in the top 50 or 100 of the major international rankings. This goal can be
achieved only through research performance. Furthermore, many governments in Europe
and Asia have tried to increase their national presence in the rankings through measures
such as targeting funds on selected universities, encouraging amalgamations of existing
institutions and performance-based funding (van der Wende 2014).

Although research performance dominates the international rankings, research is nar-
rowly defined, predominantly by articles published and citations in quality journals. It does
not include, for example, the more informal research links with industry (Dill and van
Vught 2014). In the Shanghai Academic Ranking of World Class Universities (ARWU)
publications and citations have a weight of two-thirds; the other third is an impact measure
represented by Nobel prizes and Fields medals. Research links with the rest of society are
not included, except insofar as Nobel prizes might be thought to represent contributions
that are highly valued by the community. The Times Higher Ed ranking incorporates a
wider list of attributes although citations to journal articles are the single most important
measure with a weight of 30 %. Research (a survey measure plus research income and
papers per head) is also weighted at 30 %."

A related concern is that international rankings may bias research activity away from
regional/national issues and engagement and towards areas that are of international in-
terest. Worldwide citations are larger if the research is of interest to an international
audience. Besides, access to the World Wide Web may have exacerbated this trend by
increasing the ability of researchers to cite international work.

It is in part to modify the biases created by the importance of international rankings that
attention has been turned towards the full spectrum of activities undertaken by universities
and the importance of domestic and international linkages. For example, the triple helix
model explores the institutional relationships between universities, industry and govern-
ment (Etzkowitz and Leydesdorff 1995, 2000 and, for a survey of the extensive literature,
Meyer et al. 2014). Linkages with industry and government are important for economic
growth, especially in developing countries. A World Bank (2012, p. 6) report on higher
education in East Asia concluded that ‘...higher education is failing to deliver skills for
growth and research for innovation because of widespread disconnects between higher
education institutions and other skill and research users and providers’. The OECD (2007)
has also examined the role of universities as drivers of economic development.

More generally, there is a growing demand for greater transparency and a wider range
of measures to cover the needs of all stakeholders (Van Vught and Westerheijden 2010,
p- 20). This reflects the international movement towards sustainability reporting (see the
discussion of the Global Reporting Initiative in Dumay et al. 2010).

The aim of this paper is to measure the degree of connectivity that higher education
systems have with the external world, both domestically and internationally. It is an attempt
to throw some light on the challenge thrown up by Jongbloed et al. (2008, p. 322) to show

' The Times Higher Ed ranking does include internationalisation and links to industry measures, with a
combined weight of ten per cent. Internationalisation is measured by the percentages of international
students and staff. Delgado-Marquez et al. (2013) use the Times data to show that the degree of interna-
tionalisation exerts a positive influence on a university’s reputation.
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empirically the links between higher education and societal and stakeholder demands. We
focus on systems (countries) rather than institutions in order to allow for diversity of
institutions. This paper commences with a discussion of the related idea of the ’third
mission’, a concept which has occasioned considerable interest, especially in Europe. This
then leads to a discussion of connectivity which we present as a much broader concept than
the third mission. We emphasise that connectivity is an attribute of all three university
functions: research, teaching and scholarship. In practice, data are available for only a
subset of connectivity measures. We use ten measures of connectivity that are widely
available and construct measures of national and international connectivity for each of the
50 countries included in our sample. The analysis is then extended to an examination of
how the extent of connectivity varies with levels of economic development.

What is the third mission?

With the advent of mass higher education and the consequent absorption of significant
national resources, both public and private, it is inevitable that universities are increasingly
expected to meet a range of societal needs. In recent times, a formal literature that dis-
cusses the importance and nature of a third stream of activities in addition to research and
teaching has grown up, principally in Europe. However, what is encompassed by ‘the third
stream’ differs between authors.

The concept of a third mission as set out by Montesinos et al. (2008) contains three
modules: international activity, lifelong learning, and science and technological parks.
Within each module, a number of indicators are proposed. A more recent project,
‘European Indicators and Ranking Methodology for University Third Mission’ (labelled
E3M), was sponsored by the European Commission. The group of researchers behind this
project adopted a wider definition of third mission activities grouped into three modules:
related to research (technology transfer and innovation), education (lifelong learning and
training) and social engagement (voluntary work, consultancy by students and staff, public
access to lectures, and concerts and facilities). Details are provided in Marhl and Pausita
(2011) and European Commission (2012b). In an attempt to widen the number of indi-
cators used to judge the attributes and performance of universities, the European Union
provided seed money for a new set of indicators known as U-Multirank (www.u-multirank.
eu). In addition to teaching and research, the indicators also cover knowledge transfer,
international orientation and regional engagement. It is intended primarily as a consumer
guide for prospective students. To the best of our knowledge, U-Multirank is the first large-
scale attempt to provide these wider measures.

In 2002, a report commissioned by the Russell Group of research universities in the UK
was published under the title ‘Measuring Third Stream Activities’ (Molas-Gallart et al.
2002). In this report, the analytical framework distinguishes between capabilities and
activities. The two main capabilities are knowledge capabilities and physical facilities. The
three main activities are labelled as teaching, research and communication, but in the
authors’ views, third stream activities arise from all three types of activities where non-
academic communities are involved. The report goes on to list 34 indicators grouped under
twelve headings. In a paper that examines the mission of universities from a US per-
spective, Douglass (2014, p. 2) has profiled what he calls the ‘flagship university model’.
‘It is a model that does not ignore international standards of excellence focused largely on
research productivity, but is grounded in national and regional service, and with a specific
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set of characteristics and responsibilities...”. Douglass suggests that one or two such
universities should exist in each geographic region of a country or, for developing coun-
tries, in each nation. In addition to world class performance in research and teaching,
Douglass sees the flagship university as also engaging in third mission type activities, such
as regional economic engagement, technology transfer, links with secondary schools and
other tertiary institutions, and providing leadership in governance and management.
Virtually all of the measures of the third mission discussed in the papers mentioned
above are activities. These are hard enough to measure, but impact is even harder. In
practice, impact measures would require reporting back by the external parties as to
whether their needs were met. However, there do exist some measures for teaching that
capture impact. For example, registrations in Massive Open Online Courses (MOOCs) are
a measure of the value of teaching to individuals outside the providing institutions. A
related measure is the extent of external use of material on an institutions website, although
this applies more to the impact of research than of teaching. The amount of licensing
revenues collected by technology transfer offices is another example of an impact measure.

A broader concept: connectivity

A wider issue is whether the expression ‘third mission’ lowers the status of the attributes of
a university that are encompassed by the term. Is a bronze medal good enough? The
approach of the Molas-Gallart et al. (2002) report mirrors our belief that links with external
groups flow through many channels and the concept of a third mission in addition to
research and teaching narrows the concept of engagement too much. Our use of the term
‘connectivity’ also serves to emphasise that the flow of information and activity between
the university sector and the rest of society is bi-directional (Casper 2013), something the
third mission literature often downplays.

We argue that the concept of a separate ‘third stream’ only makes sense if we measure
research narrowly as in the international rankings, namely publications and citations. Many
of the activities usually listed under the heading of the third mission can be embedded in
‘research’ and ‘teaching and learning’ (noted also by Jongbloed et al. 2008, p. 313), although
to complete the taxonomy, we need to add ‘scholarship’. By scholarship, we mean all those
activities that utilise the specialised knowledge of academics that cannot be categorised as
research or teaching, such as editorial functions on scientific journals and media engagement.
Research activity includes not only publications and citations, but joint activity with in-
dustry, international collaboration, patents obtained and so on. Similarly, teaching and
learning and scholarship encompass not only teaching to undergraduate and postgraduate
students but activities such as continuing education, public lectures and media activities.”
The activities included under the three headings of research, teaching and learning, and
scholarship can be divided into three groups: core (internal) activities, domestic connectivity
and international connectivity. The schematic representation is given in Box 1.

Another limitation of the expression ‘third mission’ is that it tends to convey the idea of
the university reaching out to society, but universities also need to import ideas and if
necessary adapt them to national needs. This is particularly true for low-income countries,
where the process of catching up to high-income countries involves importing and
modifying existing technology. This technology transfer tends to yield higher returns for

2 As an interesting example of media engagement, Smith (2013) documents the linkages between aca-
demics and the BBC in post-war Britain.
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Box 1 Schematic representation of university functions

Activity class Core (internal) Connectivity
activities
Domestic International
Research Publications With industry, public bodies  Joint publications
Citations Joint ventures Projects funded by international
Patents agencies
Hits and downloads of papers Hits and downloads of material
on web on web
Teaching and Diploma/ Lifelong learning International students
learning Bachelors Public lectures Study abroad
Masters/PhD School liaison MOOCs take up rate

Industry Placements
MOOCs take up rate

Scholarship Refereeing Media work Media work
Reviewing Policy advice Policy advice
Editorial functions

low-income countries than does research. But low-income countries need a core of trained
people and organisational structures if the process of technological transfer is to be suc-
cessful (see Schaaper 2014; Archiburgi and Pietrobelli 2003; Sorensen 1999).

Institutional versus national connectivity

A nation’s tertiary education sector needs to engage in all the activities listed in Box 1, but
it is not essential that each institution engages in all activities (e.g. Douglass 2014).
Lifelong learning programs might be best carried out by universities that are less research
intensive, some institutions may concentrate on meeting regional needs, and so on. What
matters within the spectrum of higher education institutions is whether all activities are
well covered at the national level. This view echoes that of the distinguished President of
the Carnegie Foundation from 1979 to 1995, Boyer (1992, p. 91), who argued that ‘every
college and university should also seek to find its own special niche within the spectrum’.
More recently, Sanchez-Barrioluengo (2014) and West (2009) point out the deficiencies of
the ‘one-size-fits-all’ model.

The mission of the higher education system as a whole must include criteria that are
above the responsibilities of individual institutions. These include national policy on the
types of institutions permitted, movement of students between different types of institu-
tions, articulation from secondary to tertiary levels of education, governance structures and
monitoring of quality. National evaluations encompass both institutional diversity and
governmental policy settings.

Quantitative measures of connectivity in national systems of higher
education
The ability to estimate all the connectivity variables listed in Box 1 is limited by the

availability of internationally comparable data. One set of data that are available relate to
links with industry and business. These links are important for knowledge transfer, which

@ Springer



946 High Educ (2015) 70:941-956

can occur in both directions (Abramo et al. 2009, 2011). We use three such measures: the
IMD survey of the views of business executives on the extent of knowledge transfer
(IMD); the World Economic Forum survey of research collaboration (WEF); and the
CWTS-Leiden data on joint publications between university and industry researchers
(UIC), which is further split between domestic and international industry partners. The two
surveys have the advantage of encompassing all channels of communication between
universities and the private sector.

International research links are also measured more broadly by the number of publi-
cations co-authored with international researchers (Pubs). International research links fa-
cilitate the import of new ideas and practices into a nation. The practical impact of
university research is measured by patent applications by universities to the World Intel-
lectual Property Office (Patents).” Student movement, both inflows (In Std) and outflows
(Out Std), is included as a measure of international linkages that are both immediate and
long lasting. Relationships developed during study persist into working life. The two final
measures of connectivity relate to online connectivity: one measure is the dissemination of
the output of universities as measured by full-text files on the web (Web Files); the second
measure is the extent to which these files are accessed which is a measure of impact (Web
Impact).

Relating back to Box 1, the big gap in the available measures is connectivity with the
general population through activities such as public lectures and media work, although the
web measures pick up an element of this.

Precise definitions of variables and their sources are given in Box 2. Six of the measures
are taken from the Connectivity module of the 2014 U21 ranking of national systems of
higher education (see www.universitas21.com and Williams et al. 2013). The additional
measures used here are WEF, Patents, Out Students and the split of UIC between domestic
and international.

Some 50 countries from all continents are included. The selection of countries was
made on the basis of national research performance, as measured by the US National
Science Foundation, supplemented by ensuring that all G20 countries were included. It was
necessary to exclude three countries (Egypt, Pakistan and Tunisia) that met the criteria
because of the poor quality of their national data. Descriptive statistics are given in
Table 1.

In Table 2, we show how each country ranks on the various measures. Consistent with
the taxonomy set out in Box 1, we group the variables into those relating to domestic
connectivity and to international connectivity. Domestic connectivity comprises the two
surveys of business (IMD and WEF) and joint articles with researchers in domestic firms.
International connectivity comprises five measures: joint publications with international
researchers (both in general and with international firms), student movement, both inflows
and outflows, and patents. Patents are treated as a measure of international connectivity
because applications made to WIPO have a global scope of protection (de Rassenfosse
et al. 2014, p. 722). The web-based measures reflect both domestic and international
connectivity, and separation is not possible.

In the two surveys that rate links between universities and business (IMD and WEF),
eight countries make the top ten in each survey. In alphabetical order, these are Finland,

* The World Intellectual Property Office (WIPO) acts as an international patents office and, under the Patent
Co-operation Treaty, provides a written report to applicants, which facilitates the awarding of national
patents. For this reason WIPO does not have data on patents awarded; nevertheless, because of the cost and
time involved, application to WIPO implies that the invention is important.
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Box 2 Connectivity measures

1. IMD

2. WEF

3. UIC

4. Pubs

5. Patents

6. In Std

7. Out Std

8. Web files

9. Web
impact

Business executives’ responses to ‘Knowledge transfer is highly developed between
companies and universities’; 7 point scale converted to 10 point scale

Source: IMD World Competitiveness Rankings, 2013

Responses to survey ‘To what extent do business and universities collaborate on research
and development (R&D) in your country?’ 2012; 7 point scale

Source: World Economic Forum, The Global Competiveness Report, 2013-2014

Percentage of university research articles that are co-authored with industry researchers,
2008-2010

Split between domestic and international

Source: Professor Robert J.W. Tijssen, Leiden University, see Tijssen (2012)
Percentage of articles co-authored with international collaborators, 20072011
Source: SCImago data, Scopus data bank (www.scimagoir.com)

Patent application by universities to World Intellectual Property Office (WIPO), 2008-2012,
divided by population

Source: Data supplied by WIPO
Percentage of students who are international, 2011

Sources: OECD Education at a Glance 2013, Table C4.1; UNESCO Institute for Statistics
(WWW.uis.unesco.org)

Gross tertiary outbound enrolment ratio, 2011, percent

Source: UNESCO Institute for Statistics (Www.uis.unesco.org)

Open access full text files on the web, average for institutions, 20082012

Source: Webometrics (www.webometrics.info) July 2013 edition

Backlinks to higher education web pages as a measure of impact, average for institutions

Source: Webometrics (www.webometrics.info) July 2013 edition

Table 1 Descriptive statistics

Variable Units Max Min Mean SD
IMD 10 Scale 8.0 2.2 5.1 1.6
WEF 7 Scale 59 29 44 0.8
UIC Per cent 8.0 0.1 3.5 2.1
UIC (dom) Per cent 7.3 0.1 2.0 1.7
UIC (int) Per cent 5.8 0.0 1.7 1.4
Pubs Per cent 60 13 38 12
Patents Per million 128 0 21 27
In Stud Per cent 20.2 0.1 5.7 53
Out Stud Per cent 7.3 0.1 2.0 1.8
Web files Thousands 90 3.6 32 23
See Table 2 for the list of Web impact Million 11.8 0.3 4.1 2.9

countries

Germany, Israel, the Netherlands, Sweden, Switzerland, the UK and the USA. The lowest
ranked countries in the two surveys on university—business links are in Eastern Europe,
including the Russian Federation. Joint publications with industry (domestic) are highest in
Japan, followed in rank order by Korea, the USA, Denmark, Sweden, Finland, Norway and
the Netherlands. Any difference between the survey results and the ranking on joint papers
reflects the type of links between universities and industry. Ireland, Israel and Malaysia, for
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Table 2 Country rankings on components of connectivity

Country Domestic connectivity International connectivity web connectivity
IMD WEF UIC UIC Pubs Patents In Std Out Std Files Impact
)] (@) Ga Gb) B ) Q) @) (®) ®
Argentina 30 38 44 40 27 45 na. 42 27 40
Australia 18 11 28 16 26 13 2 34 26 2
Austria 20 19 13 1 5 14 6 10 5 16
Belgium 17 6 26 5 3 12 9 20 25
Brazil 37 33 32 38 45 36 45 48 45 32
Bulgaria 46 49 45 21 18 44 24 4 18 48
Canada 8 13 18 7 24 11 13 18 24 4
Chile 33 30 37 33 9 26 43 36 9 36
China 34 28 31 43 50 33 44 40 50 22
Croatia 45 43 15 31 38 34 42 8 38 45
Czech Republic 32 24 14 27 36 24 8 21 36 12
Denmark 5 18 4 4 4 6 11 23 4 17
Finland 4 [§ 9 15 18 20 14 15 28
France 19 27 21 26 13 21 7 27 13 41
Germany 7 10 11 20 22 16 12 17 22 15
Greece 40 50 33 17 34 35 18 5 34 26
Hong Kong SAR 15 21 38 13 2 17 15 1 2 3
Hungary 29 29 10 23 25 32 21 28 25 19
India 38 37 36 45 46 42 n.a 45 46 49
Indonesia 22 31 46 28 14 48 46 46 14 27
Iran na. 45 41 48 49 49 47 39 49 50
Ireland 13 12 34 6 8 3 16 3 8 24
Israel 1 8 23 14 23 1 38 13 23 20
Italy 36 39 20 18 30 22 23 26 30 29
Japan 21 14 1 44 44 9 26 35 44 44
Korea 23 22 2 35 43 4 33 7 43 37
Malaysia 12 16 48 47 40 25 17 16 40 33
Mexico 31 32 43 39 32 37 n.a 43 32 31
Netherlands 9 9 8 3 16 10 19 29 16 10
New Zealand 24 20 16 24 12 27 5 25 12 18
Norway 16 17 7 8 11 20 37 6 11 23
Poland 47 40 40 29 41 30 39 31 41 34
Portugal 27 23 30 22 19 19 28 15 19 13
Romania 39 48 25 36 42 50 35 24 42 35
Russian Federation 44 44 47 46 37 40 32 41 37 38
Saudi Arabia na. 26 42 37 6 31 27 22 6 43
Serbia na. 46 49 50 35 43 25 12 35 47
Singapore 11 5 22 19 10 2 1 n.a 10 11
Slovakia 43 47 29 32 20 39 22 2 20 46
Slovenia 41 36 9 30 29 23 34 19 29 14
South Africa 28 25 27 12 21 28 14 47 21 30
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Table 2 continued

Country Domestic connectivity International connectivity web connectivity

IMD WEF UIC UIC Pubs Patents In Std Out Std Files Impact
(€] @) Ga (Gb) B ) 6 ) (¢)) ®

Spain 35 34 24 25 28 15 30 32 28

Sweden 3 7 5 2 7 41 10 9 7 7
Switzerland 2 1 17 10 1 5 4 11 1 8
Taiwan—China 14 15 19 34 47 29 31 n.a 47 21
Thailand 26 35 35 15 31 47 41 38 31 9
Turkey 25 41 39 41 48 38 40 33 48 39
Ukraine 42 42 50 49 33 46 36 30 33 42
UK 10 2 12 11 17 8 3 37 17 5
USA 4 3 3 42 39 7 29 44 39 1

‘n.a.” stands for not available

example, rank much higher on the surveys than on joint publications, which could suggest
that the links have a strong operational component. Conversely, Greece and Slovenia rate
more highly on joint publications than on the surveys.

The country with the highest proportion of articles written with industry (international)
is Austria, followed by Sweden, the Netherlands, Denmark and Belgium. Looking at all
joint articles with industry (domestic plus international), the four Nordic countries occupy
four of the top eight positions, with the other four countries being the Netherlands, Austria,
Japan and Korea. For collaboration with international authors of all affiliations, the country
with the highest proportion of articles jointly authored is Switzerland, followed by Hong
Kong SAR, Belgium, Denmark and Austria.

Patent applications per head of population are highest for universities in Israel, followed
in rank order by Singapore, Ireland, Korea, Switzerland, Denmark, the USA and the UK.
The percentage of students who are international (inbound) is highest in Singapore,
Australia and the UK. The relative numbers of outbound students are highest in Hong
Kong SAR, Slovakia and Ireland.

The top five countries for the average number of open access full text files per insti-
tution are Hong Kong SAR, Saudi Arabia, Taiwan—China, Indonesia and Croatia. For the
impact measure, websites of US institutions are on average accessed the most, followed by
those of Australia, Hong Kong SAR, Canada and the UK.

The results for the eight individual indicators are summarised in radar charts for a selected
number of countries in Fig. 1. Each indicator is converted to scores out of 100 where the
observed highest score is set at 100. Switzerland scores higher than average on all indicators;
the USA is relatively much stronger on domestic connectivity and web impact than it is on
international connectivity; China rates well below average on international indicators; Japan
is above average on domestic indicators, but a little below average on international indicators
except for joint publications. The pattern of results for the UK and Australia is very similar:
generally, outperforming except for outbound students.

We now combine the individual measures of connectivity to obtain aggregate mea-
sures.* An overall measure of connectivity is constructed by averaging the scores out of

4 In aggregating data missing values have been dealt with as follows. International students: values for
Argentina and Mexico put equal to the percentage figure for Chile; India given the figure for Indonesia.
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100 for the nine indicators listed in Box 2 with half weights on each of the two web-based
measures.” Scores are calculated for domestic connectivity and international connectivity
with equal weights on the components. Table 3 displays the resultant country scores
[columns (1), (4) and (7)] and ranks [columns (2), (5) and (8)]. The top ten ranked
countries for overall connectivity are, in rank order, Switzerland, Hong Kong SAR, Sin-
gapore, Ireland, Sweden, Israel, Denmark, the UK, Austria and the Netherlands. But the
aggregate ranking hides important differences between domestic and international ranking.
The USA is ranked first for domestic connectivity but 31st for international connectivity.
Similarly, Japan is ranked third for domestic connectivity but 38th for international. The
corresponding ranks for Korea are sixth and 23rd. Germany and China are also ranked
more highly for domestic connectivity than international. The pattern is clear: countries
with a large higher education system have a strong web of internal connections, which
reduces the perceived need for external links. The top three nations for international
connectivity are Ireland, Switzerland and Singapore; all countries ranked in the top eight
have populations below ten million. The three countries where the international rank is
highest compared with the domestic rank are Bulgaria, Slovakia and Greece.

Connectivity and economic development

We argued above that connectivity is particularly important for economic development.
We now examine how the various types of connectivity vary with levels of development
and what countries have high levels of connectivity relative to countries at similar stages of
development. As a measure of economic development, we use GDP per capita in 2011
measured in thousands of US dollars at purchasing power parity.

Each measure of connectivity is regressed on GDP per capita and if appropriate, its
square. For all measures except web files, the level of connectivity shows a statistically
significant increase with GDP per head. A linear model was sufficient to capture the
variation for all measures except joint publications with industry (UIC) and patents where a
quadratic model fitted best.’ The regression results are summarised in Table 4. The
strongest relationship between the connectivity measures and economic development oc-
curs for the two surveys of business (IMD and WEF): links between business and uni-
versities are strongest in advanced economies. The weakest relationship is between
students studying abroad and economic development; cultural and linguistic factors are
presumably important in explaining differences here.

The regression results provide a broad overview but of greater interest is to highlight
those countries where the higher education system exhibits greater connectivity compared
with other countries at similar stages of development. We do this by calculating deviations
from the fitted regression lines for each connectivity measure. (For web files, we deviate
from the mean value.) To compensate for the fact that deviations below the line cannot

Footnote 4 continued

Outbound enrolment: Singapore and Taiwan-China put at third-quartile value. IMD knowledge transfer:
Iran, Saudi Arabia and Serbia given first quartile number. WEF Forum survey: Taiwan-China estimated
from rank in IMD survey. Taking slightly different values as placeholders does not alter the overall score
significantly.

5> Williams and de Rassenfosse (2014) provide a detailed discussion of the methodologies for aggregating
performance measures into a ranking in the specific context of the higher education literature.

® In order to capture the non-linearity in UIC we fitted the quadratic to countries with GDP per capita over
$16,000 and for countries below that level we used their average UIC score as the predicted value.
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China United States
IMD IMD
100 100
Patents 80 WEF Patents WEF
UIC Intl UIC Dom UIC Intl UIC Dom
.‘/{
Pubs Webfiles Pubs Webfiles
out std Web Out std Web
Impact Impact
In Std In Std
Switzerland Japan
IMD IMD
100 100
Patents WEF Patents. - go WEF
UIC Intl UICDom UIC Intl UIC Dom
Pubs Webfiles Pubs — 71X Webfiles
Out std Web Out Std Web
Impact Impact
In Std In Std
United Kingdom Australia
IMD IMD
100 100
Patents. g WEF Patents. - go WEF
UIC Intl UIC Dom UIC Intl UIC Dom
Pubs 71X Webfiles Pubs Webfiles
out std Web Out Std Web
Impact Impact

In Std

In Std

Fig. 1 Relative country performance of connectivity variables. Blue domestic indicator, red international
indicator. Red line country score, dashed line average across countries. (Color figure online)

exceed 100 % whereas those above the line are unbounded, we calculate the difference
between the actual and predicted values divided by the average of actual and predicted
values. We then calculate average percentage deviations for total connectivity and for the
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Table 3 Aggregate connectivity measures based on data in original units (org) and adjusted for level of
economic development (adj)

Total connectivity Domestic connectivity International connectivity

Score  Rank Score Rank Score Rank

Org. Org. Adj. Org. Org. Adj. Org. Org. Adj.

(e)) (@) 3 (C)) ©)) 6 ) ® ()
Argentina 37 42 47 45 42 42 25 42 44
Australia 79 11 22 69 18 34 71 11 22
Austria 83 9 8 71 17 27 92 4
Belgium 76 14 10 73 16 28 74 10
Brazil 35 43 46 50 36 18 16 47 49
Bulgaria 48 36 25 32 50 47 59 19 7
Canada 78 12 17 78 13 25 66 13 16
Chile 44 38 39 50 34 32 36 32 33
China 34 44 34 53 31 9 13 48 41
Croatia 46 37 35 48 39 24 35 34 35
Czech Republic 63 21 11 63 24 19 48 25 19
Denmark 87 7 3 91 5 7 81 6 4
Finland 77 13 9 92 4 5 61 17 14
France 63 20 27 65 22 30 61 18 17
Germany 75 16 14 85 9 12 58 20 18
Greece 53 32 28 40 45 44 57 21 21
Hong Kong SAR 94 2 13 65 23 45 88 5 15
Hungary 58 25 16 67 21 6 44 28 24
India 28 49 44 47 40 4 12 49 43
Indonesia 52 33 29 53 32 21 34 35 39
Iran 26 50 49 43 44 39 11 50 50
Ireland 89 4 4 68 19 37 100 1 1
Israel 87 6 5 83 11 15 76 7 9
Italy 53 31 30 53 30 31 45 26 28
Japan 58 26 38 95 3 1 31 38 40
Korea 67 19 21 88 6 3 52 23 20
Malaysia 51 34 12 62 25 41 33 36 12
Mexico 39 40 40 48 38 40 24 44 42
Netherlands 80 10 20 87 8 14 67 12 25
New Zealand 70 18 18 68 20 17 65 15 13
Norway 75 17 37 82 12 26 66 14 34
Poland 34 46 45 36 48 46 29 39 37
Portugal 60 22 6 57 28 29 52 22 [§
Romania 37 41 32 46 41 16 27 41 32
Russian Federation 29 48 50 35 49 50 21 45 48
Saudi Arabia 55 30 41 50 35 43 43 29 36
Serbia 42 39 33 39 46 49 31 37 31
Singapore 94 3 15 77 14 38 94 3 11
Slovakia 57 28 31 43 43 36 64 16 23
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Table 3 continued

Total connectivity Domestic connectivity International connectivity

Score  Rank Score Rank Score Rank

Org. Org. Adj. Org. Org. Adj. Org. Org. Adj.

(1) @) 3 (C)) &) 6 (7 ® )
Slovenia 57 27 26 61 26 22 40 30 29
South Africa 55 29 1 59 27 2 49 24 3
Spain 58 24 24 54 29 33 45 27 26
Sweden 88 5 19 95 2 8 74 8 27
Switzerland 100 1 2 88 7 20 95 2 2
Taiwan—China 58 23 43 75 15 23 28 40 47
Thailand 50 35 23 52 33 11 35 33 30
Turkey 33 47 48 48 37 35 17 46 45
Ukraine 34 45 42 39 47 48 24 43 38
UK 85 8 7 84 10 13 74 9 10
USA 75 15 36 100 1 10 38 31 46

Table 4 Regressions of connectivity measures on GDP per capita (in thousands of 2011 PPP dollars)

Variable Constant GDP/capita (GDP/capita)® Adj. R? # Countries
IMD 2.815% (0.381) 0.083* (0.012) 0.489 47
WEF 3.276* (0.179) 0.043* (0.006) 0.519 50
uIC —4.367 (2.026) 0.477* (0.119) —0.005* (0.002) 0.389 36"
UIC (dom) 0.210 (0.362) 0.054* (0.012) 0.288 50
UIC (int) 0.471 (0.293) 0.050* (0.010) 0.346 50
Pubs 26.50* (3.22) 0.434* (0.106) 0.244 50
Patents 0.269 (4.747) 0.020* (0.004) 0.356 50
In Stud —0.654 (1.544) 0.220* (0.049) 0.297 47
Out Stud 0.509 (0.541) 0.053* (0.019) 0.134 48
Web files No variation with GDP per capita

Web impact 0.474 (0.732) 0.131* (0.024) 0.368 50

Standard errors in parentheses
* Significance at 1 % level
 Countries with GDP per capita over $16,000

domestic and international components with weights as before. In the last step, countries
are ranked in order using the spectrum of positive and negative deviations. The results are
presented in Table 3: total connectivity in column (3); domestic connectivity in column
(6); and international connectivity in column (9).

The effect of adjusting connectivity measures for levels of economic development can
be measured by comparing the adjusted country ranks with the original rankings. For the
total measure of connectivity, the largest improvement in rankings occasioned by adjusting
for income levels occurs for South Africa. The country rises 28 places compared with the
original rankings to number one. The other countries that exhibit high levels of
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connectivity relative to their level of economic development are Malaysia (22 places
higher), Portugal (16 places higher) and China (10 places higher). Countries that rank
lower than countries at similar income levels include Australia, Japan, Norway, Taiwan—
China and the USA. After adjusting for levels of GDP per head, the ten top ranked
countries for connectivity are South Africa, Switzerland, Denmark, Ireland, Israel, Por-
tugal, the UK, Austria, Finland and Belgium.

The aggregate measures hide differences between domestic and international connec-
tivity. After adjusting for levels of development, Japan is ranked first for domestic con-
nectivity but 40th for international connectivity. The next ranked countries for (adjusted)
domestic connectivity are South Africa, Korea and India. GDP-adjusted international
connectivity is ranked highest in Ireland, Switzerland, South Africa and Denmark.

Concluding remarks

This paper argues that connectivity is a component of all three functions of universities:
research, teaching and scholarship. It is also a two-way process with external groups. This
concept of connectivity has been operationalised through the use of ten measures, dis-
tinguishing between domestic and international connectivity, for 50 countries. The stron-
gest finding is that smaller countries exhibit the highest level of international connectivity.
The university systems in countries with large absolute numbers of researchers such as the
USA, China, Japan and Korea are relatively self-contained compared with countries such
as Ireland, Switzerland and Singapore. Another finding is the relative insularity of the
university sector in Eastern Europe, including the Russian Federation. When differences in
levels of economic development are allowed for, South Africa stands out as having a well-
connected university sector.

The principal caveat to the findings is that we use ‘only’ ten measures of connectivity
and the domestic measures are limited to surveys and joint publications with industry. The
measures need to be supplemented by measures of connectivity with the other sectors of
the economy: government (national and regional), households and not-for-profits. Unfor-
tunately, data limitations preclude such extensions, at least for the range of 50 countries
evaluated in this paper. The multitude of ways in which universities interact with house-
holds, such as continuing education and contributions to the public debate through lectures
and media work, means that household connectivity measures are probably best obtained
by surveys.

The World Bank (2012) and others have emphasised that the connectivity of the higher
education sector influences labour market outcomes and economic growth through new
research, the transfer of existing knowledge and appropriate skills training. Our data po-
tentially enable an empirical check on this view, although such an exercise would require
attention to appropriate lags between improved levels of connectivity and a stronger
economy. Hence, regular updates of the data are desirable.

The nature of government funding for research influences connectivity between uni-
versities and private industry, but there is no ‘best’ model. In Israel and Sweden, for
example, our measured strong connectivity between universities and domestic industry
owes much to government policy that promotes these linkages (European Commission
2012a p. 8). On the other hand, the strong domestic connectivity in the USA is more
organic and owes less to government policy (Lane 2008). It is interesting to note that
government funding models are being widened in scope in several countries. Funding
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based narrowly on research publications and not their impact was found in Australia to
have led to a fall in the average quality as measured by citations (Butler 2003). Subse-
quently, a wider range of measures of research performance was used. In the UK, under the
2014 Research Excellence Framework 20 % of research funds were allocated on the basis
of the ‘social, economic and cultural impact of research’ (www.hefce.ac.uk).

Finally, we note that there is an inherent conflict between governments (and universi-
ties) wanting institutions to be high up in the existing international (research) rankings and
the demands by business and households for greater linkages with universities. Two so-
lutions are emerging: a broadening of the coverage of rankings (such as the U-Multirank
model) and governments funding institutions differentially to ensure that only an appro-
priate limited number of institutions are able to compete in international research rankings,
while others carry out more general missions (Eggins 2014; Olsen and Slaughter 2014).
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