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Abstract. This article presents a model for the evaluation of scientific research output from the standpoint of university
engagement with the socio-economic environment based on a scientometric analysis of topical areas. The primary aim
was to examine various interrelations between conventional and alternative scientometric indicators that most clearly
reflect the relationship between universities, industry and society. Three countries and five topical research areas were
chosen as the object of the study. A comparative analysis showed that conventional scientometric indicators correlate
quite well with the indicators of social and commercial relevance of scientific research. However, since this relationship
was not observed in the case of Brazil, an assumption was made about the influence of the national and disciplinary
context. The evaluation of university engagement cannot be performed based exclusively on quantitative indicators, thus
requiring qualitative assessment, €. g. peer review.
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Introduction

Until recently, universities have enjoyed great
academic freedom. The liberal governance model
implied autonomy (delegation) based on trust [1].
Since the 19th century, governments and private
sponsors have been allocating significant resourc-
es for the development of universities without re-
quiring much accountability in response. At that
time, there was no clear link between the pro-
gress of science and economic growth in public
consciousness.

The Second World War convincingly demonstrat-
ed the ample possibilities of science. In addition, the
post-war fertility boom stimulated expenditures on
higher education [2]. The increased spending led to
a demand for greater accountability, as the society

became interested in how its tax money was spent.
People required that knowledge gained by pure sci-
ence be practically useful. Industry that directly or in-
directly (through the tax system) funded science also
wanted to maximize outcome for their money spent.

Towards the end of the 20th century, the con-
cept of knowledge economy became the main-
stream development paradigm. Within the frame-
work of neoliberalism, science is increasingly be-
ing considered as a production process with its input
and output parameters. The university has become
a principal actor in the socio-economic system.
Undeniably, the ties between the university, govern-
ment, and business have existed long before. The the-
ory of innovation, the backbone of which was laid by
Schumpeter [3], can be distinguished into the follow-
ing distinct areas:
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— product design —diffusion of innovation [4];
— evolutionary — triple helix [5-9];
— organizational or strategic —open innovation [10—

17], agile innovations [18];

— political — national and regional innovation

systems [19-22].

The Triple Helix model proposed a new role for
the university in the economy. The triple helix is ap-
plicable when overlapping of institutional spheres oc-
curs. It is in the places of overlap that the phenome-
non of the endless frontier of new knowledge genera-
tion arises, which is a prerequisite for the evolutionary
development of systems [9].

The demand for greater science accountability
raised the problem of new indicators for research pro-
ductivity measurement. Until the 90s, research perfor-
mance had been primarily assessed using such quali-
tative instruments, as peer review. However, the rap-
id development of information technologies coupled
with growing scholarly output resulted in dominance
of scientometric (quantitative) indicators over quali-
tative ones.

Do the results of peer review and scientometric
indicators coincide? The results of a few studies thus
far conducted have produced conflicting results. Thus,
Mryglod et al. [23] found a strong correlation between
quality and impact, although normalized per head in-
dicators showed a rather weak correlation. It was ar-
gued that scientometric indicators are not suitable for
assessment of research productivity in social sciences
and humanities. At the same time, Harzing [24] found
a strong link between the results of peer review car-
ried out at British universities in the framework of
REF (Research Excellence Framework) and the cita-
tion data retrieved from Microsoft Academic (MA).
A recent study established that consistency between
metrics and peer review is observed at the institution-
al level (rather than at the publication level), at least in
the fields of physics, clinical medicine, public health,
health services & primary care [25]. Nevertheless, it
should be accepted that the entire evaluation proce-
dure is becoming more impersonal.

At almost the same time, at the turn of the centu-
ry, the first university rankings began to appear’'. To
a certain extent, they were designed to give a quanti-
tative answer to the question of what should be done

“in order to become Harvard”. This presumption de-
termined their bibliometric-based character; moreover,
expert voting is also an impersonal procedure by na-
ture. University rankings are a convenient quantitative

!'Strictly speaking, U.S. News ranking began in 1983 but it was
aimed primarily at an American audience. The major globally rec-
ognized rankings appeared in 2000 beginning with Times Higher
Education—QS World University Rankings in 2004.

tool, but their design presupposes their weaknesses.
University rankings are rather a marketing tool for
attracting resources (human and financial); their val-
ue for improving research performance remains un-
clear [26]. Most university rankings have a strong or-
ganizational profile of an American university inside;
therefore, it does not come as surprise that most of
the first places are occupied by American universi-
ties [27]. Rankings create “weak expertise,” which is a
compromise between the interests of key stakeholders
and the robustness of methodology [28]. The ranking
of the Three University Missions from Moscow State
University? stands apart. It is one of the first large-
scale attempts to assess the engagement of universi-
ties in the solution of societal problems. In this con-
text, U-Multirank?, which includes the indicators of
regional engagement and knowledge transfer, should
be mentioned.

Thus, the discussion around topics of measur-
ing of university engagement in socio-economic pro-
cesses is continuing. Bibliometric methods have lim-
itations; at the same time, even ardent supporters of
the peer review approach recognize the impossibil-
ity of using exclusively expert methods under the
conditions of rapidly increasing information flows.
In this study, we aim to show the applicability of al-
ternative indicators for research performance evalu-
ation. To this end, we set out to investigate those re-
search areas in the technological frontier zone, where
maximum commercial and socially relevant results
can be expected.

The rest of the article is organized as follows: the
following section presents a scientometric analysis
of the recent research in the field of university en-
gagement; further, we describe the applied method-
ology; the Results section summarizes the analysis
of traditional and alternative scientometric indicators,
as well as the correlation analysis. In the Discussion
and Conclusion section, we provide interpretation of
the results, present the examples of university cases
and also discuss the results of the Three University
Missions ranking for 2019.

Recent Research
An analysis of recent literature was carried out
using VOSviewer*. In addition to citation and co-au-
thorship analysis, this software product possesses
text mining functionality [29, 30]. At the first stage,
we performed a topical search in the Scopus® and

2 Available at: https://mosiur.org/ (accessed: 05.11.2019).

3 Available at: https:/www.umultirank.org/ (accessed: 05.11.2019).
* Available at: http://www.vosviewer.com/ (accessed: 08.12.2018).
3 Available at: https:/www.scopus.com (accessed: 08.12.2018).
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Web of Science® databases. Documents were taken
for five years 2014-2018. We identified terms that
had occurred in combinations at least five times.
Table 1 presents a comparative analysis of the results.

Table 1
Results of literature search*
Database Scopus W?b ot
Science
Search query university* | university*
W/1 engage* NEAR/1
engage*
Number of documents 996 618
2014-2018 476 360
Article, review, article in 348 290
press**
Number of terms 66 46

* Source: authors’ own analysis based on Scopus and Web of
Science data.

** This type of document is available only in Scopus.

Subsequently, we opted for better coverage, i.e.,
Scopus database. At the next stage, we merged sin-
gle-root words and synonyms and also eliminated the
words not carrying the thematic load (e. g., articles),
denoting research methods (e. g., questionnaire, in-
terview, etc.) or denoting a specific location (e. g., the
United Kingdom, United States). As a result, we re-
ceived a scientometric map of 54 terms (Fig. 1).

® Available at: http://apps.webofknowledge.com (accessed:
08.12.2018).

The red cluster is a topic core. Note that most
of “research” refers to university relations with so-
ciety [31-37]; “innovation” [38] and “third mis-
sion” [39, 40] point to connections with indus-
try. The blue cluster contains documents related to
the educational foundations of university processes,
such as “learning” and “curriculum” [41-44]. It al-
so includes the organizational aspects of the uni-
versity processes: “organization and management”
and “public relations” [45]. The green cluster rep-
resents the psychological foundations of higher ed-
ucation, with the centre of this class being formed
by the identity of a student [46, 47]. A small yellow
cluster combines “academic engagement” with “ac-
ademic achievement” and “academic performance.”
Academic engagement, including academic entrepre-
neurship, is often considered at the individual lev-
el [44]. Interestingly, the connecting term between
the red and blue clusters is “public health” [48, 49],
which indicates the focus of modern economic, so-
cial, political and educational systems on maintaining
human health and wellbeing. At the same time, “so-
cial justice” is the unifying term for all 4 clusters [50].

A complete list of terms is given in Appendix 1.
Each link has its own strength, represented by a posi-
tive numerical value. The higher this value, the strong-
er the link. The total link strength attribute indicates
the total strength of the co-occurrence links of a giv-
en term with other terms. The average normalized ci-
tation score is a relative indicator. The mean value
normalizes the values; thus, the mean value always
equals 1 [51].
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Fig. 1. Scientometric map of recent studies in university engagement. Source: authors’ own analysis using
VOSviewer
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Methodology

The data was retrieved from the Scopus data-
base for the period between 2014 and 20177. This pe-
riod can be considered sufficient for the evaluation
of research processes. Three countries were selected
for analysis: the Netherlands, Brazil and Russia. The
Netherlands represents a country with a developed
economy. At the same time, the Netherlands features a
developed university system, which not only produces
high-quality research results, but also has successfully
commercialized its research. Brazil is a country with
an emerging economy and a reasonably stable high-
er education system with a large share of the private
sector. Russia, on the contrary, is characterized by
the lion’s share of public universities and large-scale
attempts to improve the global competitiveness of its
higher education system. For the analysis purposes,
five areas were chosen, where commercially and so-
cially relevant results can be expected:

— Biochemistry;

— Computer Science;

— Energy;

— Engineering;

— Medicine.

At the first stage, we analysed the values of con-
ventional scientometric indicators for the indicated
countries and research domains:

— The scholarly output is an indicator of the rela-
tive strength of a research area for a given ob-
ject of analysis.

— Citation is an indicator of research impact.
Citations were taken as normalized per paper.
Further, we analysed two alternative indicators

that show the link between scientific research and
industry:

— Share of industry co-authored papers, i.¢., at least
one author with a university affiliation and one
author with an industry affiliation. It is an ap-
parent link between university research and the
economy. The advantage of this metric is real-
time availability.

— Scholarly output cited by patents. This indicator
is available with a time lag (2 years minimum).
Finally, we introduced the indicator of the num-

ber of mentions in the media as an indicator of the
social relevance of research. To this end, we had to
go down to the level of analysis below, because men-
tions in the media usually refer to the university (au-
thor), rather than to the country or the research area
as a whole.

We identified 30 universities with the most sig-
nificant number of publications for each country and

"The dataset is available at: https://data.mendeley.com/datasets/
c3snzdszm4/1

research area. We used correlation analysis to search
for possible relationships. In this case, we proceeded
from the following hypotheses:

1. The number of publications in collaboration
with industry positively correlates with the total schol-
arly output.

2. The number of mentions in the media is relat-
ed to the total number of publications and/or citations.

3. The number of citations of scientific publi-
cations in patents positively correlates with the to-
tal number of citations of scientific publications of a
university.

4. The number of publications co-authored by in-
dustry positively correlates with the number of cita-
tions of university publications in patents.

The citation indicator was taken as an absolute
value, since the indicator of references in the media
cannot be normalized to the article.

Results

The results of a comparative analysis of con-
ventional scientometric indicators and indicators of
the commercialization of research are presented in
Figure 2.

Russia has an advantage in engineering and ener-
gy; these areas are based on the foundation laid down
back in the Soviet times. At the same time, in medi-
cine, the supreme position of the Netherlands is evi-
dent; Russia’s lag in this area is particularly signifi-
cant. The Netherlands is leading in terms of scientific
impact in almost all analysed domains. A similar pic-
ture can be observed concerning the share of indus-
try co-authored articles and the number of citations
in patents. This similarity suggests the existence of
a correlation between these indicators. For the cor-
relation analysis, we selected 30 universities with the
highest number of publications for each subject area
and country. Tables 2—6 represent the results of the
correlation analysis.

Table 2
Publications vs. Mass Media*
Subject Blo? Com- E Medi-
area/ chemis- | puter | Energy neerin cine
Country try Science £
Brazil 0.14 0.21 0.23 -0.04 -0.10
Netherlands | 0.86 0.70 0.04 0.62 0.92
Russia 0.93 0.90 0.83 0.89 0.43
Total 0.68 0.63 0.08 0.60 0.05

* Source: authors’ own analysis. Data source: SciVal by Elsevier.

There is an average correlation between the num-
ber of publications and media references in the field
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Fig. 2. Comparative analysis of conventional and alternative scientometric indicators
Source: authors’ own analysis. Data source: SciVal by Elsevier.

of biochemistry, computer science and engineering.
At the same time, Russia demonstrates a pronounced
correlation between these indicators in all areas ex-
cept medicine. In Brazil, however, these figures are
not correlated with each other.

Table 3
Publications vs. Academic-
Corporate Collaboration*
Subject Bio- Com- . .
area/ chemis- | puter | Energy nEnr%rll- M;dl_
Country try Science eening cine
Brazil 0.95 0.84 0.44 0.31 0.17
Netherlands | 0.83 0.46 0.63 0.50 0.99
Russia 0.89 0.86 0.55 0.89 0.84
Total 0.61 0.37 0.44 0.34 0.68

*Source: authors’ own analysis. Data source: SciVal by Elsevier.

We found a moderate correlation between the
number of publications in general and the num-
ber of publications in collaboration with industry.
Again, in Russia, these indicators correlate in al-
most all areas.

The results of the correlation analysis of cita-
tions and media are very similar to those presented
in Table 2. Therefore, a reasonable assumption can
be made about the correlation between the number of
publications and the number of citations.
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Table 4
Citations vs. Mass Media*
Subject BIOT Com- i Medi-
area/ chemis- | puter | Energy neerin cine
Country try Science &
Brazil 0.04 0.23 0.02 -0.09 0.10
Netherlands | 0.87 0.75 0.02 0.67 0.91
Russia 0.92 0.84 0.82 0.85 0.48
Total 0.83 0.72 0.08 0.65 0.12

* Source: authors’ own analysis. Data source: SciVal by Elsevier.

Citations correlate with the patent-citation count
in almost all areas for Russia and the Netherlands;
however, this relationship is not observed for Brazil.
Thus, conventional scientometric indicators and indi-
cators of social engagement correlate almost every-
where for Russia and moderately for the Netherlands.
In Brazil, this relationship is absent in most cases. In
addition, we analysed the relationship between the
number of publications in collaboration with indus-
try and the number of citations of university publica-
tions in patents.

We observed a very high correlation coefficient
in the field of medicine for all the countries under
study. Thus, the participation of practitioners in the
preparation of a medical article is an essential condi-
tion for its use in a patent application.
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Table 5
Citations vs. Patent-Citations Count*
Subject BIOT Com- B Medi-
area/ chemis- | puter | Energy neerin in

Country try Science cenng e
Brazil 0.77 0.31 0.19 0.46 0.34
Netherlands | 0.84 0.67 0.70 0.85 0.89
Russia 0.92 0.73 0.55 0.80 0.82
Total 0.86 0.65 0.61 0.74 0.70

*Source: authors’ own analysis. Data source: SciVal by Elsevier.

Table 6
Academic-Corporate Collaboration
vs. Patent-Citations Count*

Subject BIOT Com- i Medi-
area/ chemis- | puter Energy neerin cine
Country try Science &
Brazil 0.69 0.37 0.42 0.14 0.99
Netherlands | 0.72 0.51 0.55 0.67 0.88
Russia 0.82 0.68 0.28 0.75 0.83
Total 0.78 0.53 0.43 0.68 0.95

*Source: authors” own analysis. Data source: SciVal by Elsevier.

Discussion and Conclusion

The results of the correlation analysis partially
support the hypothesis about the relationship between
conventional scientometric indicators and indicators
of social and commercial relevance of research. In
Russia, these indicators correlate in almost all the an-
alysed areas; in the Netherlands, we also observed a
correlation, but not in all areas. In Brazil, the relation-
ship between the indicators in most cases is absent.
We also found a relatively strong correlation between
the number of publications in collaboration with in-
dustry and the number of citations of scholarly out-
put in patents. This relationship is most strongly ex-
pressed in the field of medicine.

On the basis of the obtained results, we argue that
national and disciplinary contexts significantly influ-
ence the evaluation of university engagement. In each
research domain, established traditions affect the
number of publications, citations, industrial partner-
ships and knowledge transfer. At the same time, the
activities of a university are influenced by the nation-
al economic, political and cultural context. Our results
do not support the global university — local university
dichotomy. We can only talk about the matrix of 'a uni-
versity’s strategic choice (Fig. 3). In this Figure, the
horizontal focus is on research vs. education, while
the vertical orientation is global vs. local markets.

GLOBAL

' N B

EDUCATION RESEARCH

s o R >4

LOCAL
Fig. 3. The matrix of a university’s strategic choice.
Source: authors’ own analysis

It is essential that, under current conditions, a
university cannot work exclusively at one of the poles
horizontally; it can only make a strategic shift towards
one direction or another. For example, it can be said
that Harvard is somewhat more focused on educa-
tion, while MIT —on research and technology transfer.
However, it is difficult to imagine that one of these in-
stitutions will completely abandon research or educa-
tion, respectively. Universities opt either for the global
or local market. However, universities tend to be iso-
morphic: “they operate under similar incentive struc-
tures and imitate one another [52].”

The position of a locally engaged university al-
so opens up plenty of strategic opportunities. Here
is an example of the Zuyd University of Applied
Sciences (the Netherlands)®, which is located on three
campuses in Heerlen, Sittard and Maastricht. Zuyd
is not included in the global university rankings. Its
mission statement is short: “Professionals develop
themselves with Zuyd.” Zuyd University hosts 30 re-
search centres. Associate professors, lecturers and stu-
dents carry out practical and socially relevant research.
They connect practice and education, contribute to in-
novations and R&D in the business sector. Research
and knowledge transfer contribute to regional devel-
opment and are designed in close cooperation with the
regional or Euregional government bodies, the busi-
ness world and educational institutions.

In the global or local market, the engagement
mechanism works similarly. The thesis of the falsi-
ty of the opposition between global and local uni-
versities is also supported by the results of the The
Three University Missions ranking. In the Top 10, we
again observe the dominance of American universi-
ties, with Harvard and MIT ranking the first (Table 7).

8 Available at: https://www.zuyd.nl/en (date assessed 14.12.2018)
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It is interesting to note that the leading group is stable
in composition (we compared with the data in 2018);
the only change is the emergence of Duke University
in the 10th place, which replaced the Columbia
University.

Table 7
Top 10 rankings of the Three University Missions*

1 | Harvard University United States

Massachusetts Institute of )
2 Technology (MIT) United States

3 | University of Pennsylvania United States

4 | Yale University United States
5 | University of Cambridge United Kingdom
6 | University of Oxford United Kingdom
7 | Stanford University United States
8 | University of California, Berkeley United States
9 | University of Chicago United States

10 | Duke University United States

* Source: URL: https://mosiur.org/ranking/ (date accessed
06.11.2019).

We can assume that a modern university can-
not function without a social mission and knowledge
transfer. Nevertheless, we should note that this rank-
ing still uses conventional scientometric indicators
and a few altmetrics, such as views, the number of
visitors of the university website and the number of
subscribers to the university account in social media.
Most local universities are out of sight due to low sci-
entometric indicators (the ranking includes only 333
universities). In this case, we do need a peer review
analysis.

It is not by chance that there are many examples
of engaged universities in the Netherlands. The Dutch
university evaluation system called the Standard
Evaluation Protocol (SEP)? is focused on assessing
not only the quality of research but also its social sig-
nificance. In particular, it contains Table D 1, where
peers evaluate how effectively the university produces
scientific knowledge for targeted social groups. The
Dutch case is undoubtedly a positive experience, but
it is not entirely clear how it can be scaled up. At the
moment, we are not ready to offer a suitable organi-
zational mechanism, but are open to discussion with
interested readers.
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? Available at: https:/www.knaw.nl/nl/actueel/publicaties/stand-
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Appendix 1
Clusterization of the terms*
cuser | s | Tl | Qo [ g | Aot [ v o

civic engagement red 2 2 6 2016.17 2.00 0.54
community engagement red 12 16 10 2016.90 2.30 0.79
developing countries red 9 11 5 2015.00 3.80 0.60
education red 36 86 23 2015.52 3.57 0.95
engaged university red 9 9 6 2016.83 1.33 0.48
entrepreneurial university red 8 8 5 2016.20 3.00 1.59
higher education red 24 46 36 2016.14 2.86 0.82
innovation red 10 14 6 2016.00 4.33 1.26
local participation red 8 13 5 2016.40 1.20 0.28
organization red 9 13 6 2016.00 1.83 1.08
public health red 16 21 5 2014.80 3.40 0.66
research red 12 17 8 2016.75 2.00 1.94
societies and institutions red 14 25 10 2015.60 6.90 242
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Lt Clustr | Links | 0T e | wear | o | ctatoms.
student engagement red 7 9 8 2016.75 1.38 1.39
sustainable development red 15 29 12 2016.25 6.00 1.39
teaching red 19 36 15 2015.80 6.67 1.26
technology transfer red 7 10 8 2016.50 1.38 0.54
third mission red 7 9 9 2016.67 2.67 1.18
university engagement red 11 18 30 2016.43 2.63 0.96
university sector red 34 71 24 2016.50 2.42 0.88
university-community engagement red 6 6 6 2017.17 0.17 0.68
adolescent green 24 71 9 2014.67 5.78 1.18
adult green 32 112 15 2015.60 3.53 1.03
exercise green 16 40 5 2015.40 7.40 2.12
female green 27 107 13 2015.08 5.23 1.06
male green 29 120 15 2015.13 4.60 0.93
middle aged green 16 35 5 2015.20 9.20 3.73
motivation green 24 35 9 2016.89 1.78 0.98
physical activity green 14 30 5 2015.60 3.80 1.16
physical education green 13 16 5 2016.00 3.60 1.01
psychology green 25 58 10 2015.70 4.70 1.43
statistics and numerical data green 12 37 5 2014.60 5.40 1.04
student green 38 129 32 2015.94 3.84 1.09
university student green 17 29 6 2016.50 1.50 1.35
young adult green 21 74 10 2014.90 5.50 1.26
community-institutional relations blue 17 39 6 2015.83 3.50 1.45
curriculum blue 21 39 11 2015.45 3.36 0.74
health promotion blue 22 38 6 2016.17 8.00 3.38
human blue 36 244 51 2015.73 3.69 1.25
human experiment blue 14 31 7 2016.43 1.14 0.59
leadership blue 16 22 5 2016.00 3.20 1.00
learning blue 25 48 11 2016.45 0.55 0.25
organization and management blue 18 39 7 2014.86 5.43 1.29
procedures blue 28 80 12 2015.25 5.17 1.37
public relations blue 22 50 7 2015.71 3.00 1.25
scientist blue 14 23 2017.20 1.20 0.70
university blue 43 195 48 2015.67 3.88 1.11
academic achievement yellow 15 18 5 2017.00 0.60 0.18
academic engagement yellow 13 22 9 2016.33 3.00 1.23
academic performance yellow 14 21 5 2016.80 2.60 1.39
social justice yellow 19 27 6 2017.00 1.67 0.34

*Source: authors” own development. Developed with VOSviewer.
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