
Peris-Ortiz, Marta; García-Hurtado, Dayanis; Prado Román, Alberto

Article

Measuring knowledge exploration and exploitation in
universities and the relationship with global ranking
indicators

European Research on Management and Business Economics (ERMBE)

Provided in Cooperation with:
European Academy of Management and Business Economics (AEDEM), Vigo (Pontevedra)

Suggested Citation: Peris-Ortiz, Marta; García-Hurtado, Dayanis; Prado Román, Alberto (2023) :
Measuring knowledge exploration and exploitation in universities and the relationship with global
ranking indicators, European Research on Management and Business Economics (ERMBE), ISSN
2444-8834, Elsevier, Amsterdam, Vol. 29, Iss. 2, pp. 1-12,
https://doi.org/10.1016/j.iedeen.2022.100212

This Version is available at:
https://hdl.handle.net/10419/294114

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

  https://creativecommons.org/licenses/by-nc-nd/4.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1016/j.iedeen.2022.100212%0A
https://hdl.handle.net/10419/294114
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


TaggedEndEuropean research on management and business economics 29 (2023) 100212

TaggedFigure TaggedEnd

www.elsevier.es/ermbe

TaggedFigure TaggedEnd
TaggedH1Measuring knowledge exploration and exploitation in universities and
the relationship with global ranking indicators TaggedEnd
TaggedPMarta Peris-Ortiza,*,1, Dayanis García-Hurtadob,1, Alberto Prado Rom�anc,1
TaggedEnd

TaggedP

a Universitat Polit�ecnica de Val�encia, Spain. CETYS University, Mexico
b Universidad de Ciego de �Avila M�aximo G�omez B�aez, Cuba
c Universidad Rey Juan Carlos, Spain
TaggedEnd
TAGGEDPA R T I C L E I N F O

Article History:
Received 9 June 2022
Revised 16 December 2022
Accepted 19 December 2022
Available online 20 January 2023TaggedEnd
TaggedEnd* Corresponding author.
E-mail address:mperis@doe.upv.es (M. Peris-Ortiz).

TaggedEnd

1 All authors have participated equally in study desig
interpretation of data and in the writing of the report of

https://doi.org/10.1016/j.iedeen.2022.100212
2444-8834/© 2022 The Author(s). Published by Elsevier
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
TAGGEDPA B S T R A C T

This study examines the primary external control mechanism of universities (i.e. international rankings) to
assess their knowledge exploration and exploitation performance. A taxonomy of indicators from the per-
spective of ambidexterity is presented. The most prestigious global university rankings are assessed within
this theoretical framework. Exploration and exploitation indicators in the rankings are analysed in relation
to the input, output and outcomes of universities. The results indicate a predominance of exploitation indica-
tors in rankings. The potential managerial implications of this imbalance in indicators are discussed.
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TaggedPFor over a decade, global university rankings have played an
increasingly prominent role in the global higher education landscape
(Erkkil€a & Piironen, 2020). The importance of rankings is due to
causes related to changes in trends in higher education contexts, rela-
tions between universities, social demands and higher education pol-
icies. Hazelkorn (2011) indicated that the transition to knowledge
intensive economies leads to the internationalisation of higher edu-
cation, always seeking cutting-edge knowledge wherever it is found
and the global search for talents. This situation has led to a change in
the management of universities, which is increasingly linked to other
complementary knowledge agents, comprising an extensive global
network. Identifying these world leaders in different knowledge sec-
tors requires the supply of reliable, transparent and accessible disclo-
sure by institutions about their performance (Devece, Palacios-
Marqu�es, Llopis-Albert & Galindo-Martín, 2017). Hence a classifica-
tion of universities has arisen that measures performance by means
of indicators (Daraio & Bonaccorsi, 2015; Peters, 2019). amongst
them, university rankings have become particularly relevant (Selten,
n, the collection, analysis and
this research.

España, S.L.U. on behalf of AEDEM. T
TaggedEndTaggedPNeylon, Huang & Groth, 2020). There is a variety of indicators that
measure quality in research, teaching and interaction with the envi-
ronment. Universities with the best positions in rankings are consid-
ered to be world class because of their performance in research. They
are highly innovative with sufficient resources to implement high-
quality research projects. TaggedEnd

TaggedPThe evidence also indicates that global university classifications
have become a major communication channel for teaching and
research performance. Students, families, governments and other
stakeholders use rankings to decide in which universities to study
and how much they must financially allocate (Collins & Park, 2016;
Johnes, 2018). The world’s main rankings include the Academic Rank-
ing of World Universities, The Times Higher Education, the Quacquar-
elli Symonds (QS) World and SIR World Universities Ranking.
Nevertheless, the usefulness of these classifications to measure uni-
versities has been questioned (Stergiou & Lessenich, 2013). Several
research projects suggest that the indicators that are used are not
actually a measure of university excellence, but a commodification
channel of higher education (Lynch, 2015; Olcay & Bulu, 2017).
Another criticism in relation to rankings is that they create expecta-
tions about prestigious universities that feed each other, which
means that the top ranked institutions always remain in a strong
position (Sauder & Espeland, 2007). This phenomenon occurs espe-
cially with rankings primarily based on opinion surveys. Despite all
these criticisms, the impact of rankings is unquestionable, affecting
his is an open access article under the CC BY-NC-ND license
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TaggedEndTaggedPthe decisions of students and leading university and government
institutions that finance education (Marginson, 2014; Perez-Espar-
rells & Orduna-Malea, 2018). TaggedEnd

TaggedPWith university rankings gaining influence as a method of perfor-
mance control, universities develop strategies to improve their posi-
tion in these rankings (Rajdeep, Dearden & Lilien, 2008). Recent
studies have shown that universities that act strategically to align
their control metrics with academic ranking indicators achieve a sig-
nificant increase in their ranking (Allen, 2021; Dowsett, 2020). Like-
wise, institutions have appeared at the international level with an
interest in measuring, managing and evaluating performance in uni-
versities (Cort�es, Rivera & Carbonelld, 2022; Ordorika & Lloyd, 2015).
Universities adopt management systems to improve the efficiency,
effectiveness, profitability and quality of their policies, programmes,
projects and services (Hoglund, Martensson, & Thomson, 2021) so
that decision making is based on clear causal models and measurable
results. In strategic management, large-scale universities have the
most sophisticated management systems to achieve strategic objec-
tives. However, in numerous cases, the university control systems are
deficient, and it is unclear how to exercise control and which control
mechanisms are suitable for the exploration and exploitation of
knowledge (García-Hurtado, Devece, Zegarra-Salda~na, & Crisanto-
Pantoja, 2022). This difficulty in control is essentially due to the
objectives of universities. While the private sector has several objec-
tives that are much more specific, the public sector and particularly
universities have much more generic and ambiguous objectives, such
as the development of science and knowledge for the general good
with an efficient and effective use of the resources and budgeted
funds (Balabonien & Ve�cerskien _e, 2014). TaggedEnd

TaggedPConsequently, given the influence of rankings on university man-
agement, this paper has the general aim of classifying the indicators
of the main global university rankings, with a focus on knowledge
exploration and exploitation. This paper provides a taxonomy of the
indicators used in the selected international rankings using the con-
ceptual approach of exploitation and exploration (March 1991). In
addition, each indicator is qualified according to types of inputs, pro-
cesses, outputs and outcomes. The main result is that there are differ-
ences in approaches amongst rankings, and an imbalance usually
exists between leader and follower indicators and exploitation indi-
cators. There is also an imbalance between exploitation indicators
with international repercussion (leaders) and with a regional impact
(followers). TaggedEnd

T aggedPThis paper is structured as follows. In the literature review sec-
tion, exploration and exploitation strategies of universities are
explained. Next, the paper analyses the role of control systems in
these strategies and performance indicators as a key control element.
It subsequently describes the methodology used to analyse the rank-
ings, followed by the analysis of results and the discussion. Finally,
the conclusions are presented. TaggedEnd

TaggedH12. Literature review TaggedEnd

TaggedH22.1. Exploitation and exploration strategies in universities TaggedEnd

TaggedPThe focus on exploration and exploitation strategies has been
extensively covered in the business management literature to ana-
lyse the allocation of resources to innovation (Bedford, 2015). How-
ever, in the university context, ambidexterity (i.e. proficiency in both
exploration and exploitation) has scarcely been used or studied.
Exploration includes searching, variation, risk taking, experimenta-
tion, games, flexibility, discovery and innovation (March 1991).TaggedEnd

TaggedPExploration in universities entails the acquisition of scientific
knowledge by researchers, either by assimilating existing knowledge
or creating new knowledge. The result of exploration in universities
is observed in the creation and communication of new knowledge. It
can be clearly seen in university rankings with indicators linked to
2

TaggedEndTaggedPthe publication of research in scientific journals. The indicators
employed in these university classifications measure the production
and repercussion of knowledge. However from a management per-
spective, it would be of interest for scientific production to be classi-
fied as radical or incremental (Benner & Tushman, 2003; O’Reilly &
Tushman, 2013). Nevertheless, this division of scientific production is
only measured in these indicators as a proxy, considering the impact
of the academic paper and the journal where it has been published. TaggedEnd

TaggedPExploitation involves the application of knowledge, mostly
through collaboration with companies, to produce innovation in
technologies, products and productive processes (Benner & Tushman,
2003; Boronat-Navarro & García-Joerger, 2019). As explained by
Atuahene-Gima (2005), exploitation perfects and extends current
knowledge, seeking efficiency and improvements to facilitate innova-
tion. Knowledge exploitation is observed in different ways such as
the transfer of knowledge and technologies (Abramo, D’Angelo & Di
Costa, 2011; Giones, 2019). Likewise, exploitation can be spear-
headed by universities themselves by the promotion of entrepre-
neurial actions and the creation of spin-offs (Barba-S�anchez, Mitre-
Aranda & Brío-Gonz�alez, 2022). Universities also exploit existing
skills by training professional staff and perfecting their teaching and
university degree programmes. TaggedEnd

T aggedPBased on the proposal by March 1991, Table 1 shows different
activities classified as knowledge exploration or exploitation. Univer-
sities are in constant interrelation with stakeholders (students,
employers, industries and governments), which means that innova-
tion management models are adopted, as is the case of open innova-
tion. Razak, Murray and Roberts(2014) showed that through the
adoption of open innovation, it is possible to increase capabilities to
market products created in universities. Thus, it can align the results
of university innovations with the needs of the environment (Al-
ashaab, Flores, Magyar & Doultsinou, 2011; Caballero-Fern�andez,
L�opez-Miguens & Lamp�on, 2014; Imamoglu, Huseyin, Turkcan &
Yavuz, 2019; Razak et al., 2014; Saf�on, 2019). Open innovation is a
way of exploiting the knowledge generated in universities to create
innovations in companies. The studies in Table 1 show how these
activities have positive effects on the innovation performance of uni-
versities. TaggedEnd

TaggedPTo achieve optimum performance, organizations must find a bal-
ance between exploration and exploitation, hence being able to
explore new possibilities while exploiting existing ones (March
1991). The balance between both strategies Duncan (1976) is defined
as organizational ambidexterity. The concept of ambidextrous strate-
gies is well defined in the literature. Several studies have examined
their organizational background. Considering the contradictions
between exploitation and exploration, research has studied the role
of organizational structure, organizational learning, technological
innovation and strategic management (Auh & Menguc, 2005; Bra-
dach, 1997; Danneels, 2002; Gupta, Smith & Shalley, 2006; Raisch &
Birkinshaw, 2008; Smith & Tushman, 2005). TaggedEnd

TaggedPThe strategies outlined by an organization make it possible to
achieve its objectives. However it is essential to measure and correct
deviations from the plan. In this sense, ambidextrous organizations
must control the balance between exploitation and exploration. In
the entrepreneurial context, studies have examined the required con-
trol mechanisms for those who simultaneously pursue exploration
and exploitation (Bedford, 2015; Bisbe & Otley, 2004). In contrast, the
literature on university contexts is insufficient. TaggedEnd

TaggedH22.2. The role of control systems in the exploitation and exploration of
knowledge TaggedEnd

TaggedPThe concept of management control was introduced by Robert
Anthony (1965, p. 17), who described it as “the process through
which managers ensure that the resources are obtained and are used
in an effective and efficient way to achieve the organization’s



TaggedEnd Table 1
Exploitation and exploration strategies in universities.

Exploitation Activity Source

Creation or implementation of
innovations in industry

Open innovation
Co-operation projects
Networking

(Imamoglu et al., 2019)
(Garrido-Moreno & Padilla-Mel�endez, 2012)
(Devece, Palacios & Martinez-Simarro, 2017);
(Peris-Ortiz, Devece Cara~nana & Navarro-García, 2018)
(Greenaway & Rudd, 2014)
(Razak et al., 2014)

Knowledge transfer (Garrido-Moreno & Padilla-Mel�endez, 2012)
Technology transfer (Abramo et al., 2011; Giones, 2019).
Patents and licenses, copyrights
Creation of technology parks, spin-offs
Consultancy contracts
Consultant firms
Innovation projects

(Razak et al., 2014);
(Da Silva & Segatto, 2017)

Professional staff training Update and creation of university degrees
(bachelor’s degrees, master’s degrees)
New online training methods
New learning methodologies

(Boult et al., 2009)

PhD programmes (Boden, 2019)
Permanent training courses (Schulte, 2019)
Specialised seminars

Exploration

Knowledge acquisition and creation Research projects (Greenaway & Rudd, 2014)
Research grants
Creation of research groups
Research projects, collaboration in scientific
publications

(Amador, P�erez, L�opez-Huertas & Rodríguez- Font, 2018)

Research activities
Organization of conferences
Visits at research centres

(Blass & Hayward, 2014)
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TaggedEndTaggedPobjectives”. Extensive literature was subsequently developed to deal
with control in organizations from different perspectives, including
formal and mechanistic control systems (Amat, Carmona & Roberts,
1994), those focused on psychosocial aspects (Seiler & Barlett, 1982)
and those focused on cultural and anthropological aspects (Langfield-
Smith, 1997). Early studies established a clear independence between
the planning system and the control system. However, it was soon
shown that a control system covers strategy formulation, implemen-
tation and control (Ferreira & Otley, 2009). This change of perspective
has also made it possible to introduce control systems as a tool in
innovation management by organizations. The most flexible and
dynamic control systems can help manage such unpredictable activi-
ties as innovation (García-Fern�andez, Claver-Cort�es & Tarí, 2022;
Simons, Davila, & Kaplan, 2000; Syed, Wiener, Mehmood, & Abdel-
rahman, 2021).TaggedEnd

TaggedPIn recent years, universities have introduced management control
systems (MCSs) to improve their teaching and research performance
and to measure and monitor results in both the long and short term
(Peris-Ortiz, García-Hurtado & Devece, 2019). The adoption of these
models is conditioned by factors such as the limited availability of
financial resources, the need to allocate them effectively, quality
assurance in university processes and growing competition in
TaggedEnd Table 2
Adoption of control systems in universities.

Focus Influence on performance

Management control system (MCS) Management control, development of resea
Levers of control (LoC) framework Measuring teaching performance
Performance measurement system (PMS) Quality, performance indicators, sustainable

PMS introduction in universities

Balanced scorecard (BSC) Excellence in performance, strategic control
formance and adjusting to changes, ensur

3

TaggedEndTaggedPresearch and teaching (Reda, 2017). These changes have created chal-
lenges in the form of the efficient use of resources, the implementa-
tion of competition structures and broader relations with external
stakeholders. These challenges have required the introduction of
suitable management systems, organizational structures and plan-
ning and control tools (Centele, Martini & Campedelli, 2013). An MCS
allows universities to know their improvements in organizational
performance. They can adjust to changes in the environment and ver-
ify whether a set of indicators continues to be relevant for the control
of organizational performance (Pietrzak, Paliszkiewicz & Klepacki,
2015). There are no studies in the literature that link the develop-
ment of ambidextrous strategies in universities to the MCS. Never-
theless, once exploitation and exploration activities have been
classified in universities (Table 1), the implementation of control sys-
tems that benefit these strategies can be identified. Table 2 shows
previous research projects that refer to the adoption of different MCS
approaches to improve performance. TaggedEnd

TaggedH22.3. Management indicators TaggedEnd

TaggedPMeasuring university performance in knowledge exploitation and
exploration is of vital importance to establish a balance between
Source

rch projects (Agyemang & Broadbent, 2015; Centele et al., 2013)
(Pilonato & Monfardini, 2020)

performance, (Arena, Arnaboldi, Azzone & Carlucci, 2009; Balabonien &
Ve�cerskien _e, 2014; Nisio et al., 2018; Rodríguez-Hern�andez,
Cascallar, & Kyndt, 2020)

, monitoring per-
ing quality

(Al-ashaab et al., 2011; Al-Hosaini & Sofian, 2015; France-
schini & Turina, 2013; Ismail & Al-Thaoiehie, 2015; Pietrzak
et al., 2015; Reda, 2017; Yu, Hamid, Ijab, & Pei, 2009)
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TaggedEndTaggedPboth activities and obtain satisfactory results. According to Ferreira
and Otley (2009), “key performance measurements are the financing
and non-financing measures used at different levels in the organiza-
tions to assess the success in the achievement of their objectives, Crit-
ical Success Factors, strategies and plans, and hence satisfy the
expectations of the different interested parties”. Other definitions
refer to these measures as performance indicators. Performance indi-
cators can be quantified in terms of the resources and achievements
of specific objectives of a company (Budimir, Lutilsky & Idlbek, 2016).
Kaplan and Norton (2000) reported that indicators can be viewed as
specific formulations of a company’s strategic choices. The real results
achieved in diverse measures reflect how well a company has been
successful in accomplishing these strategic choices. The indicators
have three basic functions: (1) control, permitting managers and
employees to assess and control performance of resources; (2) com-
munication, disclosing performance to internal employees and stake-
holders; (3) perfectionism (improvement), identifying deviations in
relation to objectives and, depending on the magnitude of these devi-
ations, making adjustments in the plan (Franceschini et al., 2019).
Performance indicators are classified into four categories: input, pro-
cess, output and outcome (Bente & Friestad, 2016; Budimir et al.,
2016; Şencan & Karabulut Tu�gba, 2015).TaggedEnd

TaggedPIdentifying performance indicators to measure exploration and
exploitation offers the advantage of focusing on essential aspects of
organizations from two different perspectives. However, the use of
performance indicators in universities is not simply a technical activ-
ity but also a response to the objectives predetermined by the organi-
zation’s strategy and policy, which involve a high degree of design
complexity (Palomares-Montero, García-Aracil & Castro-Martínez,
2008). Accordingly, the indicators used to measure exploitation must
be differentiated from those for exploration. Also, omissions must be
avoided because what is measured tends to eliminate what is not
measured. Hence, omissions can be as influential as measurements
(Ferreira & Otley, 2009).TaggedEnd

TaggedPThe university performance measurement literature deals with
the importance of indicators to measure the inputs that universities
require to produce their outputs (Budimir et al., 2016). Sahney, Ban-
wet and Karunes (2004) proposed the following inputs, processes
and outputs to measure performance in higher education: (1) inputs:
human, physical and financial resources; (2) processes: teaching,
learning, research, administrative activities and knowledge transfor-
mation; (3) outputs: tangible and intangible results. TaggedEnd

T aggedPInput indicators involve human, physical and financial resources
that are allocated to processes, activities and services in universities
(Şencan & Karabulut Tu�gba, 2015). Budimir et al. (2016) also identi-
fied the principal inputs of raw materials (students: A Levels, attend-
ing a comprehensive school, foreign), employment services, human
capital services, physical capital services, consumables, institutional
characteristics and environmental factors. This category expresses
the relative effort to create new knowledge (exploration) and com-
municate and transfer existing knowledge (exploitation). It includes
tangible indicators related to knowledge exploration, such as the
number of researchers financially allocated to exploration activities
usually earmarked for research projects and grants. There are also
intangible indicators in the inputs, which are more complex to mea-
sure. Examples are existing knowledge and the professional networks
of teaching and research staff. There are also indicators of common
inputs for which it is difficult to distinguish between teaching activi-
ties (pure exploitation) and research (both exploration and exploita-
tion). For example, one common indicator for both strategies is
human resources allocated to teaching and research. TaggedEnd

TaggedPOutput indicators reflect the results that are produced, including
immediately measurable results and the direct consequences of activi-
ties to produce these results. Outputs can be used to measure the per-
formance of a university in four output categories: (1) teaching
activities, (2) results of research activities, (3) results of consultancy
4

TaggedEndTaggedPservices and (4) production of cultural and social activities (De Kruijf &
De Vries, 2018). These types of outputs are purely for exploitation,
except the results of research activities, which may be for both exploi-
tation and exploration. For example, one indicator that measures the
number of publications in scientific journals is a proxy indicator of
exploration. However, the development of innovation, either in collab-
oration with companies or independently by the university to be sub-
sequently exploited by patents or spin-offs, is exploitation.TaggedEnd

TaggedPThe indicators to assess the international rankings of universities
can be classified into knowledge exploration or knowledge explora-
tion indicators. Exploration outputs are difficult to measure directly,
but they can be measured indirectly through bibliometric indicators
based on the articles published in scientific journals. The excel-
lence of the scientific production of an institution is linked to the
creation of knowledge and world leadership. It is reflected in the
publication of scientific articles in the world’s most influential
journals in their knowledge sector (SIR World Report), in high-
impact journals such as Nature and Science (ARWU), in the number
of citations of published articles and in internationally acclaimed
awards (e.g. the Nobel prize). The absorption of knowledge is
reflected in low-impact articles, publications in low-impact jour-
nals, non-indexed local scientific journals and national and
regional awards with little relevance at the international level.
Exploitation outputs are measured in knowledge transfer indica-
tors, the number of generated patents, spin-offs and income from
consulting (Chang, Yihsing, Martin, Chi & Tsai-lin, 2016). TaggedEnd

TaggedPThe outcome indicators combine qualitative and quantitative meas-
ures of the indirect effects of activities. According to De Kruijf and De
Vries (2018), outcomes have intermediate and long-term effects, and
their measurement is diffuse, abstract and not clearly quantifiable. This
category represents an evolution of what is done, which is the measure-
ment of the intentional or non-intentional effect in relation to outputs.
For example, studies show that the input and output of the innovations
are stimulus motors in China’s economy (Xiong et al., 2020). According
to the Organizaci�on Mundial de la Propiedad (2019) report, China regis-
tered 46.4% of patent applications at the international level, which
reflects the size of its economy and development level. This situation
corresponds to very high human development indexes. Hong Kong, for
example, occupies the fourth position at the global level, with an index
of 0.939 (PNUD, 2019). Exploitation outcomes are found in North Amer-
ica and Europe. They occupy the second and third rank in the classifica-
tion of the global innovation index (Dutta, Lanvin, & Wunsch-Vincent,
2019). They are the regions with the highest human development
indexes (PNUD, 2019). The Iberian American region only recorded 1.7%
of innovations at the global level. It occupies the fifth position in the
classification of the global innovation index (Dutta, Lanvin, & Wunsch-
Vincent, 2019). In this region, development indicators are poor. GDP
dropped around 3% in 2019, and employment productivity, which is
equivalent to approximately 40% of that of the European Union, has
remained stagnant and has even decreased in several countries. Only
57% of Iberian American citizens have Internet access. Likewise around
40% of Iberian Americans are at risk of returning to poverty and have
informal jobs as well as weak social protection (OECD, Economic Com-
mission for Latin America and the Caribbean, 2019). The relationship
between innovation and the development of regions is very complex to
measure and differs by region and sector. However, there is undoubt-
edly a close relationship between the exploitation of knowledge and
the development of a region.TaggedEnd

TaggedPProcess indicators are those that include the means used to
deliver educational programmes, research activities and services
within the institutional environment (Bente & Friestad, 2016). Pro-
cess indicators supply information to understand outputs and out-
comes. In the case of linked activities in exploitation, they provide
data on the quality of teaching and learning activities. They include
indicators such as the retention rate of students in the first year and
the percentage of accredited careers. TaggedEnd



TaggedEndM. Peris-Ortiz, D. García-Hurtado and A. Prado Rom�an European research on management and business economics 29 (2023) 100212
TaggedPIndicators can also be classified considering the time of indicator
measurement. The time of indicator measurement refers to anticipa-
tory (ex-ante) control or a posteriori (ex-post) control (Franceschini
et al., 2019). Anticipatory control permits correcting deviations which
can affect an organization’s objectives (Falqueto, Hoffmann, Gomes &
Onoyama Mori, 2020; García-Hurtado, Naranjo-P�erez & Devece,
2018). Dziallas and Blind (2019) distinguished between ex-ante and
ex-post indicators in relation to innovation, pointing out that ex-ante
indicators are linked to the creation, exploration and assessment of
new ideas and are a preliminary step to achieving innovation perfor-
mance. This vision assumes, in the context of universities, that ex-
ante control is directly related to knowledge exploration indicators.
Exploration inputs and outputs are a form of prior control. For exam-
ple, a large number of personnel dedicated to research (input), high
incomes from research (input) and publications with a high impact
(output) are ex-ante measures of successful innovation performance
(exploitation) by a university. In contrast, ex-post indicators refer to
new products and services launched in the business sector (Dziallas
& Blind, 2019) and are linked to those of knowledge exploitation out-
put in the university. Ex-post indicators constitute a classic control
process and can be used to judge performance impact (Franceschini
et al., 2019). In this study, exploitation and exploration activities are
separated and analysed independently so that inputs and outputs are
distinguished in both processes. However, at the same time, the true
aim of all exploration activity, even if it provides results that are self-
justified such as publications and awards, is to improve exploitation
activities and consequently maintain the ex-ante time vision. In this
sense, in university rankings, the output indicators achieved in
research projects (ex-ante), teaching and innovation (ex-post) are
usually predominant. Indicators such as patents or knowledge trans-
fer are also ex-post. TaggedEnd

TaggedH13. Methodology TaggedEnd

TaggedPOne of the aims of this paper is to identify, classify and analyse the
management indicators of exploitation and exploitation in the most
prestigious university rankings. To attain this aim, a mixed qualitative
method was followed using documentary analysis and a literature
review. As a starting point, documentary analysis of the most rele-
vant university rankings from different groups of information sources
TaggedEnd Table 3
Global university rankings.

No Ranking Institute

1 Academic Ranking of World Universities (ARWU) Shanghai Ranking Consultan

2 The World
University Rankings

3 QS World University
Rankings (QS-W)

Quacquarelli Symonds (QS)

3.1 QS World University Rankings Latin America (QS-LA) Quacquarelli Symonds (QS)

4 SIR World SCImago Research Group

4.1 SIR Iber SCImago Research Group
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TaggedEndTaggedPwas carried out (Table 3). The first group consisted of rankings pri-
marily based on opinion surveys and combined with other objective
data. The Quacquarelli Symonds (QS) ranking and World University
Rankings are in this group. The second group consists of rankings
based on bibliometrics. This group contains rankings that almost
exclusively use quantitative data derived from research results (sci-
entific articles and bibliographical quotes) or from their Internet
presence (web pages, links and Internet mentions). They include the
Academic Ranking of World Universities (ARWU) and SCImago,
which uses Scopus as a source. The research was carried out using
secondary sources of available information on the websites of institu-
tions that assess university management. TaggedEnd

TaggedPThe second step consisted of creating a taxonomy of the indicators
used in the selected international rankings, using the reference of the
conceptual approach of exploitation and exploration (March 1991).
Taxonomy is related to an empirical scheme of classification, suitable
for descriptive analysis (Saidani, Yannou, Leroy, Cluzel & Kendall,
2019; Salvador-Carulla et al., 2010; Tojeiro-Rivero, Rosina & Badillo,
2019). In addition, each indicator was qualified according to types of
inputs, processes, outputs and outcomes. TaggedEnd

TaggedH14. Results TaggedEnd

TaggedH24.1. Exploration and exploitation indicators in the Academic Ranking of
World Universities (ARWU) TaggedEnd

TaggedPThe Academic Ranking of World Universities (ARWU) is one of the
most well-known international classifications. It involves a list com-
piled by a team of specialists in bibliometrics from the Jiao Tong Uni-
versity in Shanghai (China). This list includes the world’s most
prestigious higher education institutions, with excellent performance
in research and innovation. It considers indicators such as Nobel
Prizes, Fields Medals, highly cited researchers and papers published
in Nature or Science (ARWU, 2019). The ARWU ranking measures aca-
demic performance and research indicators of universities with
excellent research results. The classification of indicators following
the established criteria is shown in Table 4.TaggedEnd

TaggedPThe taxonomy of the indicators that ARWU uses in relation to the
exploration and exploitation of knowledge in universities was carried
out. In the knowledge exploration sector, the ranking measures
Methodology Criteria and weightings

cy Bibliometrics Quality of education (10%)
Quality of faculty (40%)
Research output (40%)
Per capita performance (10%)

Partial bibliometrics Teaching (30%)
Research (30%)
Citations (30%)
International outlook (7.5%)
Industry Income (2.5%)

Partial bibliometrics Academic reputation (40%)
Employer reputation (10%)
Faculty/student Ratio (20%)
Citations per faculty (20%)
International faculty ratio/international student ratio
(5% each)

Partial bibliometrics Research impact and productivity
Teaching commitment
Employability
Online impact

Bibliometrics Research (50%)
Innovation (30%)
Societal (20%)

Bibliometrics Research (50%)
Innovation (30%)
Societal (20%)



TaggedEnd Table 4
ARWU exploration and exploitation indicators.

Classification Indicator type Indicator Weight Control source Knowledge creation role Indicator time

Exploration Output Papers published in Nature and Science 20% External Leader Ex-ante
Output Highly cited researchers 20% External Leader Ex-ante
Output Papers indexed in Science Citation Index-Expanded and Social Sci-

ence Citation Index
20% External Ex-ante

Output Per capita academic performance of institution 10% Internal Ex-ante
Output Staff of institution winning Nobel Prizes and Fields Medals 20% External Leader Ex-ante

Exploitation Output Alumni of institution winning Nobel Prizes and Fields Medals 10% External Leader Ex-post
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TaggedEndTaggedPoutput indicators related to publications in prestigious journals and
the number of citations. The Nobel Prize and Fields Medals indicators
are interesting because they are indicators of knowledge creation
and leadership in the knowledge field. Obtaining these awards
requires the results of a research project to involve a contribution or
discovery and constitute an advance for modern science (Selten et al.,
2020). It is considered an output because it is defined as “those who
work at an institution at the time of winning the prize”. Likewise, the
weighting of the scores decrease the longer the time that has passed
since winning the prize. TaggedEnd
TaggedH24.2. The world university ranking TaggedEnd

TaggedPThe British newspaper The Times publishes a supplement called
Times Higher Education (THE). Its World University Ranking is an
international classification of the most well-known and influential
universities that combines bibliometric methodology with opinion
surveys (Times Higher, 2020). TaggedEnd

TaggedPThe performance indicators in the THE ranking (Times Higher,
2020) measure five areas: teaching (the learning environment),
research (volume, income and reputation), citations (impact of
research), international perspective (staff, students and research) and
industry income (knowledge transfer). In the exploration of knowl-
edge dimension, input indicators (see Table 5) are related to human
resources in the creation of knowledge. The indicators of the propor-
tion of international personnel and international collaboration mea-
sure the university’s capacity to attract the talent of teachers from
other countries. In this sense, the ranking considers exploration as an
input indicator, which makes it possible to have high level personnel
to develop new knowledge fields. The THE ranking considers it as a
measurement of success in the international university context. The
output indicators are similar to those for the ARWU ranking. They are
quantitative indicators related to the number of publications and the
publication’s impact by means of citations. The knowledge transfer
indicator is an output indicator for knowledge exploitation that
measures the university’s capacity to supply industry with innova-
tions, inventions and consultancy services. This category captures
TaggedEnd Table 5
THE ranking exploration and exploitation indicators.

Classification Indicator type Indicator

Exploration Input Proportion of international staff
International collaboration

Output Research productivity
Citations (research influence)

Exploitation Input Staff-to-student ratio
Doctorate-to-undergraduate rati
Institutional income
Income from research
Proportion of international stude

Output Doctorates-awarded-to-academi
Industry income (knowledge tran
Reputation survey
Academic reputation survey
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TaggedEndTaggedPthis knowledge transfer activity by observing how much research
income an institution obtains, based on the number of academic staff
it employs (Times Higher, 2020). The reputation survey has a large
weighting in the ranking. To a large degree, it is an indicator that
measures the university’s reputation. It is a qualitative measure of
the quality of the university’s processes and is considered an exploi-
tation output. TaggedEnd
TaggedH24.3. QS world ranking TaggedEnd

TaggedPThe QS World Ranking of Universities (QS-W) is a ranking that is
primarily prepared based on academic staff opinions. It is an interna-
tional classification that has been prepared and published online
since 2011 by the Quacquarelli Symonds Group. The QS-W is mainly
focused on exploitation measures. The indicators with the greatest
weighting (50%) are the repercussions of the quality of universities,
measured in qualitative terms by opinion surveys to employees and
academic staff. Table 6 shows the classification of its indicators. TaggedEnd
TaggedH24.4. QS Latin America University Ranking TaggedEnd

TaggedPOne of the most critical aspects in international rankings is to
carry out classification without specifically defining the context. For
example, publication and citation indicators are essentially based on
publications with historical prestige and managed by researchers
who belong to universities in English-speaking countries. This situa-
tion suggests that they favor English-speaking authors (Peters, 2019),
especially in the social sciences, where the mastery of language plays
a crucial role in the communication of knowledge. Accordingly, since
2011, QS publishes an edition that recognizes Latin American univer-
sities (QS-LA). This edition conserves global ranking indicators, such
as academic reputation, employer reputation and the faculty-to-stu-
dent ratio, as well as other indicators specifically adapted to the
region (Table 7). It also includes an input indicator related to human
resources in exploration. Likewise, it measures exploitation output in
the quantity of faculty publications. TaggedEnd
Weighting Control source Indicator time

2.5% Internal Ex-ante
2.5% Internal Ex-ante
6% External Ex-ante
30% External Ex-ante
4.5% Internal Ex-ante

o 2.25% Internal Ex-ante
2.25% Internal Ex-post
6% Internal Ex-ante

nts 2.5% Internal Ex-ante
c-staff ratio 6% Internal Ex-post
sfer) 2.5% Internal Ex-post

18% External Ex-post
15% External Ex-post



TaggedEnd Table 6
QSWorld University Rankings exploration and exploitation indicators.

Classification Indicator type Indicator Weighting Control source (internal/ external) Indicator time

Exploration Output Citations per faculty 20% External Ex-ante
Academic reputation 40% External Ex-post

Exploitation Input Student-professor ratio 20% Internal Ex-ante
International faculty 5% Internal Ex-ante
International students 5% Internal Ex-ante

Output Employer reputation 10% External Ex-post

TaggedEnd Table 7
QS Latin America University Ranking exploration and exploitation indicators.

Classification Indicator type Indicator Weighting Control source Indicator time

Exploration: Input Staff with PhD 10% Internal Ex-ante
International research network 10% External Ex-ante

Output Papers per faculty 5% External Ex-ante
Citations per paper 10% External Ex-ante
Academic reputation 30% External Ex-post

Exploitation Input Faculty-to-student ratio 10% Internal Ex-ante
Output Employer reputation 20% External Ex-post

Web impact 5% External Ex-post
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TaggedH24.5. Classification of the Scimago Research Group TaggedEnd

TaggedPScimago Research Group developed the SIR, a ranking that classi-
fies universities into two groups: SIR World, for international univer-
sities that published at least 100 documents in Scopus-indexed
journals in the last year of the analyzed period, and SIR Iber, for Latin
American universities that published at least one paper in Scopus-
indexed journals. It assesses three factors: research with (50%
weighting), innovation (30% weighting) and social (20% weighting).
Unlike the other rankings, it has a larger number of indicators (17 in
total). The research indicators measure knowledge exploration, while
the innovation and social impact indicators assess exploitation (see
Table 8). The indicators are objective and quantitatively measured,
excluding opinion surveys. TaggedEnd

TaggedH15. Discussion TaggedEnd

TaggedPFig. 1 shows the weighting of indicators for each of the analyzed
rankings distributed amongst exploration and exploitation. The rank-
ings pay more attention to exploitation indicators. The QS and THE
rankings assess performance in knowledge exploitation, with,
TaggedEnd Table 8
Scimago Research Group exploration and exploitation indicators.

Classification Indicator type Indicator

Exploration: Input International collaboration
Open access
Scientific talent pool
Not own journals output
Own journals

Output Normalised impact (leadersh
Excellence with leadership
Output
High quality publications
Scientific leadership
Excellence
Altmetrics
Number of backlinks
Web size
Innovative knowledge

Exploitation Output Patents
Technological impact
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TaggedEndTaggedPrespectively, 80% and 59% weightings on opinion surveys. However,
in the ARWU and SIR World rankings, the highest indicator weighting
is in knowledge exploration. According to March 1991, the balance
between exploration and exploitation measures can be favorable for
universities because they permit the achievement of results in both
the short and long term.TaggedEnd

TaggedPExploration performance is measured in the input indicators
related to human resources allocated to the creation and communica-
tion of knowledge. These indicators are not present in all analyzed
rankings. Only the THE and QS-LA rankings consider this measure-
ment. The THE ranking measures international collaboration and the
proportion of international staff. These indicators are a measure of
the capacity of the organization to attract international talent and
secure the creation and absorption of knowledge. QS-LA measures
the number of professors with PhDs.TaggedEnd

TaggedPThe output indicators measure the results and direct consequen-
ces of research. There is considerable similarity in the rankings in
these indicators, where results are measured by the number of scien-
tific articles generated by the institution’s staff, as well as indicators
such as the productivity of research or publications by faculty. QS-W
only measures the impact of knowledge creation on citations by
Weight Control source Indicator time

3% External Ex-ante
2% External Ex-ante
2% External Ex-ante
5% External Ex-ante
3% External Ex-ante

ip output) 13% External Ex-ante
8% External Ex-ante
8% External Ex-ante
2% External Ex-ante
2% External Ex-ante
2% External Ex-ante
10% External Ex-ante
10% External Ex-ante
10% External Ex-ante
5% External Ex-post
10% External Ex-post
5% External Ex-post



TaggedEnd TaggedFigure

Fig. 1. Weighting of exploration and exploitation in rankings. TaggedEnd
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TaggedEndTaggedPfaculty. The outcome indicators are related to the repercussion of the
outputs in the economy and society in general. In the context of
higher education, Al-Hosaini and Sofian (2015) reported that the edu-
cational sector has become the main contributor to a country’s econ-
omy, facilitating employment, improving the productivity
infrastructure, increasing export revenues and substantially contrib-
uting to the development of cities and regions. Although the world’s
main economies have the highest indexes in quality of local universi-
ties (QS), patent applications and quality of scientific publications,
the relationship is complex. There is a feedback effect between indus-
try, a region’s wealth and its scientific production. In the knowledge
exploitation category, the indicators provide information on the
exploitation of existing knowledge in teaching activities and knowl-
edge transfer to industry and society in general. This knowledge
transfer is counted regardless of whether it is carried out in innova-
tions, patents or the creation of new business models through spin-
offs and entrepreneurial actions. TaggedEnd

TaggedPThe most common input indicators in the rankings are the stu-
dent-professor ratio and the proportion of international students.
The exploitation outputs are captured by indicators such as income
from research, technology transfer, patents and knowledge transfer.
The impact of teaching activity is usually measured by essential opin-
ion surveys, although several rankings lack these indicators (ARWU
and SIR-W). TaggedEnd

TaggedPThe analysis presented in this study reveals the difference in
approaches amongst different rankings, and the internal imbalance
that usually exists between leader and follower indicators and
exploitation indications. There is also little difference between
exploitation indicators with an international repercussion (leader)
and regional impact (follower). The balance between exploitation
and exploration is essential to measure the ambidextrous perfor-
mance of universities. In this sense, there is a trend to measure explo-
ration indicators in the following rankings: QS-W, QS-LA and THE,
whereas the ARWU and SIR World rankings show a balance between
the number of indicators for both of these crucial activities. TaggedEnd

TaggedPARWU measures indicators in which only leading research uni-
versities can be assessed. Hence, it is limited to a communication
channel for elite universities that have the best performance in
research. Other rankings publish editions for specific regions. QS-LA
and SIR Iber provide coverage of Latin American universities to com-
municate their results, with a specific focus on indicators that show
exploitation activities in the local environment. TaggedEnd
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TaggedH16. Conclusions and theoretical and practical implications TaggedEnd

TaggedPThis study contributes to the literature on knowledge exploration
and exploitation in universities and the relationship with global rank-
ings. The analysis of the indicators of the most prestigious university
rankings shows that these rankings have different objectives and
that these objectives are in most cases complementary. A greater
quantity of exploration indicators in the measurement of university
performance entails focusing on experimentation and the search for
new knowledge. These indicators measure the university’s ability to
excel in exploration. To achieve this goal, suitable policies must be
implemented in the medium and long term. Exploitation indicators
measure the university’s performance in the transfer of this knowl-
edge to society (March 1991). TaggedEnd

TaggedPThis study has practical implications for decision makers in higher
education around the world. The proposal arising from this study is
to include indicators to detect the knowledge absorption capacity of
follower universities. Examples include publications in all kinds of
indexed journals and their impact, the organization of prestigious
conferences, participation in research projects with leading universi-
ties and national and regional awards received by researchers,
regardless of their international impact. This approach would reveal
the exploitation capacity of follower universities, which are limited
by their resources, size and history. It is also important to carry out a
classification by knowledge areas and results in exploration. TaggedEnd

TaggedPWith regard to exploitation, other types of indicators could be
introduced that measure new organizational forms in the production
of innovations. Examples include networking, open innovation and
participation in crowdsourcing activities (Devece, Palacios & Ribeiro-
Navarrete, 2019; Mira-Solves et al., 2021). It would also be possible
to assess the impact of students in the regional or national context,
measured by the average salary of graduates or the number of entre-
preneurs. This approach would facilitate better knowledge of the bal-
ance and performance of universities. It would be useful as a
decision-making tool not only for potential customers (students and
private companies) but also for public regional managers and the
individual directors of universities. TaggedEnd

TaggedPThis paper is not without limitations. The main limitations are due
to the qualitative method used in the ranking analysis. Future
research can deepen the taxonomy of indicators using quantitative
methods that provide greater generalisation of results. Finally, it
would be of interest to differentiate between regional and global



TaggedEndM. Peris-Ortiz, D. García-Hurtado and A. Prado Rom�an European research on management and business economics 29 (2023) 100212
TaggedEndTaggedPrankings and common indicators for knowledge exploration and
exploitation. TaggedEnd
TaggedH1Declarations of Competing Interest TaggedEnd

TaggedPNone. TaggedEnd
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