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ECOLOGICAL MODEL OF ROMANIAN RESEARCH AND EDUCATION —
A SYSTEMIC APPROACH

PETRISOR Alexandru-lonut

Abstract. The term “research ecosystem” seems to have been used extensively in the recent period. A review of its usage indicates
that professionals from the health system, information sciences, librarians and politicians have embraced it mostly. However, from
the standpoint of social/human ecology, it is legitimate to question its use. A literature review indicates that most of the people using
it simply adapted to the fashion and did not develop a model of the system; instead, they understand the web of relationships among
researchers and the publishing web (scientific production and citations). Starting from the Romanian example, this paper attempts to
use the principles of systemic ecology to develop a model of the “research ecosystem” as a subsystem of the socioeconomic system,
identifying the components and their relationships, but also the main functions: circulation of information and money, and self-
regulation, in the context of its dynamic.
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Rezumat. M odé ecologic al sstemului romanesc de cer cetare-inviatamant — o abordare sisgemica. Termenul ,, ecosistem
de cercetare” pare si fie utilizat din ce Tn ce mai mult in ultima vreme. O analiza a utilizarii sale indica predilectia celor din domeniul
medical, a tehnologiei informatiei, al biblioteconomiel si a politicienilor pentru folosirea sa. Totusi, este legitim si ne punem

mai multi 1l folosesc Tn virtutea modei, fara a avea un model clar al sistemului, axandu-se doar asupra relatiilor dintre cercetatori si
retelel literaturii de specialitate (productie stiingifica si citari). Pornind de la exemplul Roméniei, acest articol Tsi propune utilizarea
principiilor ecologiel pentru elaborarea unui model al ,, ecosistemului de cercetare” ca subsistem al sistemului socio-economic uman,
identificand componentele si relatiile dintre acestea, dar si principalele functii — circuitul informatiei si banilor — in contextul
dinamicii sistemului.

Cuvinte cheie: ecologie umana, ecologie sociala, ecosistem de cercetare, ecologie sistemicad, model homomorf.

INTRODUCTION

Contemporary research involves more and more, to the extent of relying to the transfer of concepts and
methods between different disciplines, leading ultimately to the emergence of new ones, and even to complexity
sciences, such as Haken's synergetics (PETRISOR, 2013b). Most authors consider that the cooperation between
different disciplinesis a multi-staged process, starting with the multi-disciplinary approaches, when despite the transfers
disciplines speak as separate voices, then inter-disciplinary approaches unite them, and ultimately trans-disciplinary
approaches produce an unifying synthesis and lead to the emergence of new disciplines (BESSELAAR & HEIMERIKS,
2001; BRUUN et al., 2005; CHOI & PAK, 2006, 2007, 2008; LATTANZI, 1998; NICOLESCU, 2005; PETRISOR,
2013b; ZAMAN & GOSCHIN, 2010).

Such transfers were proven to be productive and useful, despite the fear of some disciplines (e.g., geography)
that they would result into the loss of their object of study (IANOS, 2000; PETRISOR, 2011). Among the disciplines
“exporting” most concepts to the other, ecology occupies perhaps one of the first places. Not only other sciences started
using the concepts and jargon of ecology, but even the pop culture; expressions like “food chain” or “bottom feeder”
extended their meaning to encompass any ranking system, respectively an irresponsible person who lives at the expense
of the others (MERRIAM-WEBSTER, 2014).

Among the disciplines benefitting upon such transfers, the first is economy. This should be no wonder at al,
provided that Haeckel’ s definition of ecology builds up the new science on the same “oixo¢” (HAECKEL, 1866). The
relationship between the two disciplines gave birth to ecological economics, discipline dealing with the relationship
between man-dominated and natural systems under the framework of sustainability (COSTANZA et d., 1991; HEZRI
& DOVERS, 2006), underlining the importance of natural systems for economy (TSCHIRHART, 2009), but also with
applying ecologica models to the economic systems and economic models to the natural systems (COSTANZA et a.,
1991; TSCHIRHART, 2009). Out of the many concepts of ecology, trophic relationships were particularly attractive;
they were found similar to social networks (DE CARVALHO DUARTE, 2013), to the relationships between languages
(LAPONCE, 1993), to political relationships (CORNING, 1996), or to the interactions between different industrial
technologies (BALDWIN et al., 2004; LIWARSKA-BIZUKOJCA et al., 2009; SANDEN & HILLMAN, 2011) or cities
(IANOS, 2000; IANOCS & HELLER, 2006).

This research focuses on the emergence of a new concept — “the research ecosystem”. The underlying
hypothesis is that the new concept is more than a simple “trendy word”, and that despite its misunderstanding the
research, development and innovation system can be seen as a sub-system of the socio-economic system, and
consequently the application of the principles of social/human ecology can alow for sketching a structural and
functional model of it, preceding a homomorphous model.
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RESEARCH ECOSYSTEM: TERM & CONCEPT —A LITERATURE REVIEW

Although the term “research ecosystem” seems to be used extensively, especially during the recent period, an
in-depth literature review indicates that there are differences between the disciplines using it in terms of intensity,
degree of conceptualization and understanding.

The concept is present in the political discourse regardless of the country (Romanian Ministry of National
Education, 2013; WILLETTS, 2012), and also in different disciplines: library science and scientometry (BRADBURY
& WEIGHTMAN, 2010; FENNER & LIN, 2014; GALLOWAY & PEASE, 2013; PULVERER, 2013), health care and
medicine (HAWKES, 2014; PARCIANELLO et al., 2013; LIM, 2014; POTKAR, 2014; ROSENBERG, 1999;
SULLIVAN et d., 2010; THOMPSON & MOSKOWITZ, 1997), information technology and science (HAAK et d.,
2012; KRESTYANINOVA & TAMMISTO, 2012; OSTERLE & OTTO, 2010; QUAGGIOTTO, 2008; SMITH et al.,
2011; SWAN, 2012; TICKELL, 2013), languages and literature (FLECKENSTEIN et al., 2008), music (DE ROURE,
2011), socia sciences (JOHNSON, 2013), education sciences (SIDHU, 2009), or even generalizations beyond the
disciplinary boundaries (BOCCANFUSO, 2010; JANSSON & RYYNANEN, 2013; RAMANARAYANAN, 2010;
RODRIGO et d., 2013).

Nevertheless, few of these authors clearly define, or at least attempt to enumerate the components. Most of
them simply use the term “research ecosystem” — generalized or referring to a specific discipline (ROSENBERG, 1999;
THOMPSON & MOSKOWITZ, 1997) — or some similar terms: innovation ecosystem (OSTERLE & OTTO, 2010;
ROSENBERG, 1999); research and development ecosystem (HAAK et a., 2012), digital research ecosystem (DE
ROURE, 2011), or research, development and innovation ecosystem (Romanian Ministry of National Education, 2013).
The views are very unclear and diverse, sometimes less structured or explicit.

Despite the diversity, some trends can be distinguished; information scientists and librarians perceive the research
ecosystem mostly as a web of publications (FENNER & LIN, 2014; PULVERER, 2013; Romanian Ministry of National
Education, 2013; TICKELL, 2013) or publications and their citations (BRADBURY & WEIGHTMAN, 2010; GALLOWAY
& PEASE, 2013), underlining the importance of “taxonomy” introduced by unique identifiers, such as ORCID (Open
Researcher and Contributor 1D) for tracking down the impact of individua or group research (BRADBURY &
WEIGHTMAN, 2010; GALLOWAY & PEASE, 2013), and metrics (e.g., impact factor) - PULVERER, 2013.

Other researchers focus on the collaborative rel ationships between researchers, and see the “research ecosystem” asa
collaborative web (FLECKENSTEIN et d., 2008; JANSSON & RYYNANEN, 2013; KRESTYANINOVA & TAMMISTO,
2012; LIM, 2014; QUAGGIOTTO, 2008; RODRIGO et d., 2013; Romanian Ministry of National Education, 2013; SMITH
et a., 2011; WILLETTS, 2012), eventualy underlining the role of incubators in facilitating cooperation (RODRIGO €t 4.,
2013), or nexus of related studies (SWAN, 2012) or mapping them (QUAGGIOTTO, 2008).

For the very few to name components, opinions are in disagreement. For HAAK et a. (2012), the “research
ecosystem” is a digital web of information, consisting of inputs, outputs, activities, and external factors, and data (note
that the “black box” approach was obviously preferred by information sciences, since it is similar to the computer
programming concepts). Other components include research and technology (DE ROURE, 2011), conceptualizations,
data collection, coding, conclusions, and reporting (JOHNSON, 2013), lives of people who are part of it
(FLECKENSTEIN et al., 2008), players and interests (SULLIVAN et al., 2010) or accreditation (POTKAR, 2014). The
Romanian Ministry of National Education (2013) lists most components: program-related authorities, monitoring
committees, central government, European Commission, international organisms, national and international research
community, national and international evaluators, funding beneficiaries, national and international investors, civil
society and broader public.

In terms of controversies, for RAMANARAYANAN (2010), the “research ecosystem” is an undifferentiated
mix of components and outputs, namely education and research (particularly sponsored), theses, dissertations,
publications, courses; the importance of funding is also stressed out by OSTERLE & OTTO (2010), and raises the
guestion whether the economy or government, providing the funds, are part of the research ecosystem or not. On a
similar note, BOCCANFUSO (2010) includes universities and industry, SIDHU (2009), centres of excellence in
research, domestic industry and multinational corporations, and HAWKES (2014), government, charities, and industry;
it is interesting to see that the opinion of HAWKES (2014) is somehow different from the viewpoint of WILLETTS
(2012), who mentions charities, data and objects, research publishers, although both refer to the research system of the
United Kingdom. Another interesting aspect is that charities are seen as part of the research ecosystem only in the
United Kingdom (HAWKES, 2014; WILLETTS, 2012). In opposition to all these, the model of the triple helix
(ETZKOWITZ & LEYDESDORFF, 1996, 2000; JANSSON & RYYNANEN, 2013) distinguishes three separate
systems: state/government, research and education, economy/industry; innovation.

Another controversy is the typology. For information scientists (again) — but not only, the “research
ecosystem” is adigital ecosystem (since it is perceived as a literature or collaboration web only) — DE ROURE, 2011,
QUAGGIOTTO, 2008; SMITH et al., 2011; for others, it is a socio-technical ecosystem, part of the industrial
ecosystem — again, in contrast with the discussion from the previous paragraph (SULLIVAN et a., 2010).

Only few authors take the analogy even further. BUTLER (2013) discusses the concept of “predatory
journals’. ROSENBERG (1999) sees the “endangered physician-scientist” as a “lost species’ in the nation’s medical
research ecosystem. PARCIANELLO et al. (2013) develop a systemic approach, consisting mostly of identifying the
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structural elements (components and relationships) and apply it to intensive care units in order to ensure their
sustainability. Perhaps the most interesting and complete analogy is made by FLECKENSTEIN et a. (2008), who
analyze research and writing from the perspective of ecology, focusing on relationships; their analogy includes the
circulation of information, the self-regulatory processes, resilience and productivity, and importance of diversity.

RESEARCH ECOSYSTEM: TOWARDSA STRUCTURAL AND FUNCTIONAL MODEL

The previous literature review indicated that very few of the authors who used the term “research ecosystem”
had a clear ecological perspective of it. Most of them probably found its use “trendy” and in line with the new literature
and political language. In fact, the ecological perspective itself needs to be discussed further. The understanding of
ecology and ecosystems has evolved, although some people did not want to change; the original focus was on
components and relations both in Haeckel’ s definition of ecology (HAECKEL, 1866): relations of the organism to the
environment including, in the broad sense, all the “conditions of existence”, and Tansley’s definition of the ecosystem
(TANSLEY, 1935): not only the organism-complex, but also the whole complex of physical factors forming what we
call the environment. Despite the evolution of ecology, many people remain tributary to the original definition, such as
ANDREWARTHA & BIRCH (1954), who simply add several functions of the ecosystems. However, ecology stepped
to anew era, when the systemic approach became a necessity; therefore, the structure, functions, and relationships with
the integrated subsystems and integrating supra-systems must be accounted for (PETRISOR, 2013a).

As it can be seen, for the vast mgjority of the authors analysed before — except for PARCIANELLO et al.
(2013) and FLECKENSTEIN et a. (2008) — the research ecosystem is seen from the standpoint of the origina and
minimal perception of a system as components and relationships. In the following paragraphs, the principles of systemic
ecology are applied to describe the research ecosystem as a sub-system of the socio-economic system in terms of
structure, functions, dynamics, and relationship with other sub-systems of the socio-economic system.

Ranking in the ecological hierarchy. As stressed out before, the “research ecosystem” is part of the socio-
economic system, which is also coupled to the natural systems. Previous studies have showed that coupling results
basically in the addition of levels to the trophic scale: the natural scale includes mineral, vegetal, and animal trophy,
while the socio-economic system adds techno-trophy — economy, industry, and noo-trophy — knowledge, management
and other support processes, with resources and energy taken from the natural systems (IANOS, 2000; PETRISOR &
SARBU, 2010; PETRISOR, 2012). A similar model is proposed by MILLER (1978), who distinguished seven
organizational levels of the living world (including socio-economic systems): cell, organ, organism, group,
organization, society and the supra-national system. Although the first approach suggests that research is superior to
basic economic and industrial activities, it does not necessarily imply a different hierarchical position of the “research
ecosystem” compared to the “economic ecosystem”. In the model proposed in figure 1, all systems — research,
industry/economy, government, and society are equal in rank and overlap. This relationship is based on the triple helix
model proposed by ETZKOWITZ & LEY DESDORFF (1996, 2000).

With respect to the relationships between the “research and education ecosystem” — and its components — and
the other systems, the model shows that the research ecosystem provides knowledge transferred into products to the
industry, receiving funds from it for this purpose, and provides — along with the education ecosystem — knowledge and
expertise to the government (for the substantiation of public policies) and society. At the same time, the government
funds both education and research. Education is generating welfare (at least for the purpose of better salaries
proportional to the level of education, although thisis not the only mechanism). An indirect mechanism relates research
to research viathe industry — production of laboratory equipment and technology.

Structure and functions. Figure 1 displays the components and flows, using the symbols of homomorphous
models. The image displays stocking and circulation/transfer components; the flows consist of money and information
(knowledge). Some of the transfers are part of the cycles, while others can be seen as losses.

For example, predatory journals - term assigned to Jeffrey Beall (2008) — which have increased their effectives
significantly in 2012 exploit community by charging fees (BUTLER, 2013); while other mainstream journals do the
same (charging authors or readers), established authors consider a paper published in these journals “loss’ due to their
lack of a competent peer-review system (in plain words, they are likely to publish anything as long as the author pays
the charges). The analogy can be continued with reference to the five stages of predation (ENDLER, 1986): detection,
identification, approach, subjugation, and consumption; “detection” consists of looking for potential victims among
authors who have published in other journals; “identification” consists of getting the full name and e-mail address (or
only the latest); the “approach” is a personalized or mass e-mail; “subjugation” consists of a multitude of approaches,
such as upraising the author or mimicking already established journals; “consumption” ends with receiving the author’s
money. The predation strategies are somehow similar to the ones in the biological realm.

Similarly, with respect to the research system, administration and management (dealing with the research
policies and management of research funds) are not directly productive and often seen by researchers as a burden; on
the other hand, they are socially efficient, as they absorb human resources and contribute to reducing unemployment.
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Figure 1. Model of the Romanian research and education ecosystem, as a subsystem of the socioeconomic system.
The image shows related “ ecosystems’ (society, economy/industry, and administration/government, as in the model
of the “triple helix” — ETZKOWITZ & LEY DESDORFF, 2000). Zigzag arrows indicate “losses’ (one-way transfers); hexagons
symbolize stocking compartments, and rectangles correspond to cycling/transfer compartments.
All arrows suggest the direction of information and money flows.

Figure 3. Dynamics of the Romanian research system (full line). Dotted arrows indicate the main attractors.

The relationship between the education and research components is somehow controversial. According to the
Romanian legislation, both educational and research activities are present in the “job description” of universities, while
research entities are confined to research. The recent trend can suggest an expansion of research in universities —i.e.,
the 2011 research-based classification of universities as (1) education-focused, (2) education and research or art, (3)
advanced research and education (Parliament of Romania, 2011).

An important stocking compartment is the scientific literature; its primary role is to stock knowledge, although
eventually knowledge is circulated (e.g., “old” theories and methods are re-discovered, sometimes after long periods).
However, the cryptic scientific jargon makes hard for the industry, government, or society to access the knowledge
directly. A special chapter — popularized literature — playsthisrole.
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Dynamics and self-regulation. The two sub-systems — research and education — have different dynamics. As
it has been shown above, while the primary mission of universitiesis education, the 2011 changes indicated a clear shift
to research (Fig. 2). Additional pressures are exercised by the market, resulting into favouring some disciplines in the
detriment of the others. In a similar way, according to the triple helix model (ETZKOWITZ & LEY DESDORFF, 1996;
2000), government and economy/industry are potential attractors determining the dynamics of research. Nevertheless, it
has to be stressed out that research has basically three functions: scientific progress — basic research (“for the sake of
research” or to bypass technological blockages), economic development (attraction exercised by the industry), and
societal progress (and welfare) — DOS REMEDIOS, 2006; GODIN & DORE, 2005; Global Science Forum, 2014. These
pillars are represented in figure 3, showing the dynamics of research.

Although self-regulation is a function, it is discussed here, as the dynamics of the research and education
systems is influenced by other systems, and in this context the role of self-regulation is to preserve the homeostasis of
each component. For instance, given the additional research pressure exercised over the education system, not only
through the 2011 classification of universities, but especially through research-focused promotion criteria (based on the
number of high-level publications and, more recently, citations), the system tried to adapt by replacing quality with
quantity. For example, the 2005 criteria were amended in 2006 to introduce “equivalents’: a Thomson-1Sl indexed
article was equalled to a certain number of papers published in nationally recognized journals, varying based on the
discipline. Similarly, the 2011 criteria accounting for publishing in top-rated journals were changed in 2012 to account
for publication of Thomson-1S| indexed articles, regardless of their metrics. All these examples show a certain
resistance to change of the research system, but also the fact that its equilibrium is dynamics.

It is also important to see that the laws of thermodynamics apply to the research ecosystem similar to the natural
ones, but with changed parameters. Ecosystems — natural or man-dominated — are dissipative structures, using energy to
increase their diversity and complexity, and have an anti-entropic behaviour; in particular humans tend to organize their
surrounding space (IANOS & HUMEAU, 2000). This is adso obvious in the research ecosystem, where “complexity” and
“diverdity” trandate in the hierarchies and rankings (research, didactic), in the increased complexity of the publishing system
(e.g., peer review) or projects (including administrative, managerial, dissemination and financial components). In this case, the
direct information circuit (and, indirectly, the circuit of money) can be measured directly using Shannon-Wiener's
informational entropy, accounting for the fact that the amount of information, in correlation with the informational energy
(directly) and informational entropy (inversely, because information is obtained from the production of entropy), measure the
complexity and inner organization (MARCUS, 2011). Moreover, al these imply that the “research ecosystem” is open and far
away from the thermodynamic equilibrium; therefore if the analogy with natural ecosystemsis continued, entropy can be used
for measuring the inner organization (MARCUS, 2011).

Metrics. As it could be seen in the previous paragraph, the “ecology of research” measures the relationship
through a variety of metrics, looking at the productivity (scientific production, money transfer to/from economy), or its
impact (at the level of publications — impact factor, article influence score, or at the level of researchers and groups —
Hirsch index). Although the usage of research metrics is extensive, some people show that they have many
shortcomings; for example, if the economic value is accounted for, one must recall that scientific activities are not
directly-productive (CORLAN, 2005). On the other hand, if the metrics of the scientific production are used, one must
know that they are not necessarily objective and that their use resulted into unethical behaviour (LAWRENCE, 2007).

CONCLUSIONS

This research attempted to apply the principles of systemic ecology to develop a modd of the “research ecosystem”
as a subsystem of the socioeconomic system, identifying the components and their relationships, but also the main functions.
The main components had different functions; research, education, and “parasitic” administrative infrastructure contribute to
cycling/transferring money and information to and from society, economy/industry and administration; publishing —including
the “predatory journads’ — serves as a stock of information (and money). The dynamics of the research and education system
is influenced by its relationship with society, administration and industry; in the modd of the “triple helix”, the last two and
research/education form a unit that fuels the knowledge-based economy. At the same time, the societd, economic and
scientific values of research play an important rolein its dynamics.

REFERENCES

ANDREWARTHA H. & BIRCH C. 1954. The Distribution and Abundance of Animals. University of Chicago Press.
Chicago. 2. 782 pp.

BALDWIN J. S, MURRAY R., WINDER B., RIDGWAY K. 2004. A non-equilibrium thermodynamic model of industrial
development: analogy or homology? Journal of Cleaner Production. Elsevier. Amsterdam. 12(8-10): 841-853.

BESSELAARP.V.D. & HEIMERIKS G. 2001. Disciplinary, Multidisciplinary, Interdisciplinary - Concepts and Indicators.
In: Wilson Davis M., Wilson C. S. (Eds.). Proceedings of the 8th conference on Scientometrics and Informetrics —
IS 2001, Sydney, Australia, July 16-20, 2001. Bibliometric & Informetric Research Group (BIRG), UNSW.
Sydney: 705-716.

233



PETRISOR Alexandru-lonug

BOCCANFUSO A. M. 2010. Why University-Industry Partnerships Matter. Science Translational Medicine. AAAS.
Washington. DC. 2(51): 51cm?25.

BRADBURY K. & WEIGHTMAN A. 2010. Research support at Cardiff University Library. Sconul Focus. Sconul.
London. 50: 65-70.

BRUUN H., HUKKINEN J., HUUTONIEMI K., THOMPSON KLEIN J. 2005. Promoting Interdisciplinary Research:
The Case of the Academy of Finland. Edit. Oy. Helsinki. 204 pp.

BUTLER D. 2013. The dark side of publishing. The explosion in open-access publishing has fuelled the rise of
guestionable operators. Nature. Macmillan. London. 495(7442): 433-435.

CHOI B. C. K. & PAK A. W. P. 2006. Multidisciplinarity, interdisciplinarity and transdisciplinarity in health research,
services, education and policy: 1. Definitions, objectives, and evidence of effectiveness. Clinical &
Investigative Medicine. Canadian Society for Clinical Investigation. Ottawa. 29(6): 351-364.

CHOI B. C. K. & PAK A. W. P. 2007. Multidisciplinarity, interdisciplinarity and transdisciplinarity in health research,
services, education and policy: 2. Promotors, barriers, and strategies of enhancement. Clinical & Investigative
Medicine. Canadian Society for Clinical Investigation. Ottawa. 30(6): E224-E232.

CHOI B. C. K. & PAK A. W. P. 2008. Multidisciplinarity, interdisciplinarity and transdisciplinarity in health research,
services, education and policy: 3. Discipline, inter-discipline distance, and selection of discipline. Clinical &
I nvestigative Medicine. Canadian Society for Clinical Investigation. Ottawa. 31(1): E41-E48.

CORLAN A. 2005. Scientific research is not an economic activity. AdAstra. AdAstra Association. Cluj-Napoca. 4: 1-10.
[in Romanian].

CORNING P. A. 1996. Synergy, Cybernetics and the Evolution of Politics. International Political Science Review.
Sage. London. 17(1): 91-119.

COSTANZA R., DALY H. E.,, BARTHOLOMEW J. A. 1991. Goads, agenda, and policy recommendations for
ecological economics. In: Costanza R. (Ed.). Ecological economics: the science and management of
sustainability. Columbia University Press. New Y ork: 1-20.

DE CARVALHO DUARTE T. 2013. Protocooperative social networks. Fonseca, Journal of Communication.
University of Salamanca. Salamanca. 7: 100-115.

DE ROURE D. 2011. Machines, Methods and Music: On the Evolution of e-Research. In: McIntire Smari W. W. &
MclntireJ. P. (Eds.). 2011 International Conference on High Performance Computing and Smulation (HPCS),
Istanbul, 4-8 July 2011. |IEEE. New York: 8-13.

DOS REMEDIOS C. 2006. The Value of Fundamental Research. International Union of Pure and Applied Biophysics
Council (online). http://iupab.org/publications/val ue-of -fundamental -research (Accessed: August 8, 2014).

ENDLER J. A. 1986. Defense againgt predators. In: Feder M. E. & Lauder G. V. (Eds). Predator-prey relationships.
Per spectives and approaches from the study of lower vertebrates. University of Chicago Press. Chicago: 109-134.

ETZKOWITZ H. & LEYDESDORFF L. 1996. Emergence of a Triple Helix of University Industry Government
Relations. Science and Public Policy. Oxford Journals. Oxford. 23(5): 279-286.

ETZKOWITZ H. & LEYDESDORFF L. 2000. The dynamics of innovation: from National Systems and “Maode 2" to a
Triple Helix of university—industry—government relations. Research Policy. Elsevier. Amsterdam. 29: 109-123.

FENNER M. & LIN J. 2014. Novel Research Impact Indicators. Liber Quarterly. The Journal of the Association of
European Research Libraries. Igitur publishing. Utrecht. 23(4): 300-309.

FLECKENSTEIN K. S, SPINUZZI C., RICKLY R. J, PAPPER C. C. 2008. The Importance of Harmony: An Ecologica
Metaphor for Writing Research. College Composition and Communication. Nationad Council of Teachers of
English. Urbana. 60(2): 388-419.

GALLOWAY L. M. & PEASE J. L. 2013. Altmetrics for the Information Professional: A Primer. Library and
Librarians' Publication. Paper 105 (online). http://surface.syr.edu/sul/105 (Accessed: August 8, 2014).

GODIN B. & DORE C. 2005. Measuring the Impacts of Science: Beyond the Economic Dimension. Helsinki Institute for
Science and Technology Studies lecture. Helsinki. (onling). http://www.csiic.calPDF/Godin_Dore |mpacts.pdf
(Accessed: August 12, 2014).

HAAK L. L., BAKER D., PROBUS M. A. 2012. Creating a Data Infrastructure for Tracking Knowledge Flow. In:
Jeffery K. G. & Dvorak D. (Eds.). e-Infrastructures for Research and Innovation: Linking Information Systems
to Improve <ientific Knowledge Production. Proceedings of the 11th International Conference on Current
Research Information Systems CRIS 2012, Prague, Czech Republic, June 6th—9th, 2012. Agentura Action M.
Prague: 113-118.

HAECKEL E. 1866. Generelle Morphologie der Organismen. Georg Reimer. Berlin. 2. 286 pp.

HAWKES N. 2014. Cancer research provides a good economic return as well as health gains, report says. British
Medical Journal. BMA House. London. 348: g3973.

IANOS I. 2000. Territorial systems. A geographical approach. Technical Press. Bucharest. 197 pp. [in Romanian].

IANOS I. & HELLER W. 2006. Space, economy and systems of settlements. Technical Press. Bucharest. 373 pp. [in
Romanian].

IANOS I. & HUMEAU J.-B. 2000. Theory of the systems of human settlements. Technical Press. Bucharest. 174 pp. [in
Romanian].

234



Muzeul Olteniei Craiova. Oltenia. Sudii si comunicari. Stiingele Naturii. Tom. 31, No. 1/2015 ISSN 1454-6914

JANSSON K. & RYYNANEN T. 2013. A Three Level Research Gateway for African Renewable Energy Collaboration. In:
Cunningham P. & Cunningham M. (Eds.). I ST-Africa 2013 Conference & Exhibition Proceedings, 29-31 May 2013,
Nairobi, Kenya, IIMC International Information Management Corporation. I[IMC International Information
Management Corporation. Dublin; 1-12.

JOHNSON L. 2013. Applying Complexity to Quadlitative Policy Research: An Exploratory Case Study. Journal of Social
Science for Policy Implications. American Research Ingtitute for Policy Development. New York. 1(1): 1-13.

KRESTYANINOVA M. & TAMMISTO Y. 2012. Services Design in a Collaborative Network for Multidisciplinary
Research Projects. In: CamarinhaMatos L. M., Xu L., Afsarmanesh H. (Eds.). Collaborative Networks in the
Internet of Services. Proceedings of the 13th IFIP WG 5.5 Working Conference on Virtual Enterprises, PRO-
VE 2012, Bournemouth, UK, October 1-3, 2012. IFIP Advances in Information and Communication
Technology Series. Springer. Amsterdam. 380: 273-279.

LAPONCE J. A. 1993. Do languages behave like animals? International Journal of the Sociology of Language. De
Gruyter. Berlin. 103(1): 19-30.

LATTANZI M. 1998. Transdisciplinarity: stimulating synergies, integrating knowledge. UNESCO Division of
Philosophy and Ethics. Paris. 18.

LAWRENCEP. A. 2007. The mismeasurement of science. Current Biology. Elsevier. Amsterdam. 17(15): r583-r585.

LIM M. D. 2014. Consortium Sandbox: Building and Sharing Resources. Science Translational Medicine. AAAS.
Washington. 6(242): 242cm6.

LIWARSKA-BIZUKOJCA E., BIZUKOJC M., MARCINKOWSKI A., DONIEC A. 2009. The conceptual model of an
eco-industrial park based upon ecological relationships. Journal of Cleaner Production. Elsevier. Amsterdam.
17(8): 732-741.

MARCUSS. 2011. Universal paradigms. Paralela 45 Press. Bucharest. 1103 pp. [in Romanian].

MERRIAM-WEBSTER. 2014. Dictionary and Thesaurus (onling). http://www.merriam-webster.com (Accessed:
August 12, 2014).

MILLER J. G. 1978. Living systems. McGraw-Hill. New Y ork. 1102 pp.

NICOLESCU B. 2005. The transdisciplinary evolution of learning. Centre International de Recherches et d’ Etudes
Transdisciplinaires (CIRET). Paris. France (online). http://perso.club-internet.fr/nicol/ciret (Accessed: August
11, 2014).

OSTERLE H. & OTTO B. 2010. Consortium Research: A Method for Researcher-Practitioner Collaboration in Design-
Oriented |S Research. Business & Information Systems Engineering. Springer-Verlag. New York. 2(5): 283-293.

PARCIANELLOM. K., DA FONSECA G. G. P.,ZAMBERLAN C., DE FREITASH. M. B., DOSSANTOSNUNESS,, DE
SIQUEIRA H. C. H. 2013. Ecosystem approach in intensive care: nurses knowledge. Revista de Pesquisa Cuidado é
Fundamental Online. Federal University of Rio de Janeiro. Rio de Janeiro. 5(2): 3645-3653.

PETRISOR A.-l. 2011. Systemic theory applied to ecology, geography and spatial planning. Theoretical and
methodological devel opments. Lambert Academic Publishing GmbH & Co. KG. Saarbrticken. 172 pp.
PETRISOR A.-l. 2012. Comparative critical analysis of systems studied by ecology, geography and spatial planning.
In: Posea G., Andrel M.-T., Zavoianu I., Cruceru N., Benea |, Vaduva |., Dumitrascu C. (Eds.), Landscapes:
Perception, knowledge, awareness, and action. Proceedings of the FG-SHU International Symposium on

Geography. Addleton Academic Publishers. New York. 1: 94-108.

PETRISOR A.-l. 2013a. Are human settlements ecological systems? Oltenia. Studii si comunicari. Stiingele Naturii.
Muzeul Olteniei. Craiova. 29(1): 227-232.

PETRISOR A.-I. & SARBU C. N. 2010. Dynamics of geodiversity and eco-diversity in territorial systems. Journal of
Urban and Regional Analysis. Interdisciplinary Center of Advanced Research on Territorial Dynamics.
Bucharest. 2(1): 61-70.

PETRISOR A.-l. 2013b. Multi-, trans- and inter-disciplinarity, essential conditions for the sustainable development of
human habitat. Urbanism. Arhitectura. Construcyii. URBAN-INCERC. Bucharest. 4(2): 43-50.

POTKAR C. 2014. Accreditation of research in Indiac One step at a time. Perspectives in clinical research. Indian
Society for Clinical Research. Mumbai. 5(1): 1-2.

PULVERER B. 2013. Impact fact-or fiction? The EMBO Journal. EMBO Press. Heidelberg. 32: 1651-1652.

QUAGGIOTTO M. 2008. Knowledge Atlas. a cartographic approach to the social structures of knowledge. In:
Analogous Spaces: Architecture and the Space of Information, Intellect, Action. University of Ghent. Belgium.
14-17 May, 2008 (online). http://www.knowledgecartography.org/PDF/knowledge-atlas.pdf (Accessed:
August 8, 2014).

RAMANARAYANAN V. 2010. Foundations and flagpoles of research. Current Science. Bangalore. 90(1): 15-17.

RODRIGO A., ALBERTS S., CRANSTON K., KINGSOLVER J., LAPP H., MCCLAIN C., SMITH R., VISION T.,
WEINTRAUB J., WIEGMANN B. 2013. Science Incubators. Synthesis Centers and Their Role in the
Research Ecosystem. PLOSBiology. PLOS. Cambridge. 11(1): 1-3.

ROSENBERG L. E. 1999. The physician-scientist: An essential - and fragile - link in the medical research chain. The
Journal of Clinical Investigation. American Society for Clinical Investigation. Ann Arbor. MI. United States
of America. 103(12): 1621-1626.

235



PETRISOR Alexandru-lonug

SANDEN B. A. & HILLMAN K. M. 2011. A framework for analysis of multi-mode interaction among technologies
with examples from the history of alternative transport fuels in Sweden. Research Policy. Elsevier.
Amsterdam. 40: 403-414.

SIDHU R. 2009. The ‘brand name’ research university goes global. Higher Education. Springer-Verlag. New York. 57:
125-140.

SMITH M., HARBACH M., LEWIS A., MERTINS S,, GRIFFITHS L. R. 2011. Towards a transational medical
research ecosystem. In: Hussain F. K. & Chang E. (Eds). Proceedings of the 5th |IEEE International
Conference on Digital Ecosystems and Technologies (IEEE DEST 2011), IEEEXxplore, Dagjeon. IEEE. New
York: 120-126.

SULLIVAN K., KNAUSW., MARKSR. 2010. An ultra-large-scale systems approach to national-scale health information
systems. In: Roman G.-C. & Sullivan K. J. (Eds.). Proceedings of the Workshop on Future of Software Engineering
Research, FOSER 2010, at the 18th ACM SGSOFT International Symposium on Foundations of Software
Engineering, 2010, Santa Fe, NM, USA, November 7-11, 2010. ACM. New Y ork: 365-368.

SWAN M. 2012. Crowdsourced Hedlth Research Studies: An Important Emerging Complement to Clinical Trids in the
Public Health Research Ecosystem. Journal of Medical Internet Research. IMIR Publications. Toronto. 14(2): e46.

TANSLEY A. G. 1935. The use and abuse of vegetational concepts and terms. Ecology. Ecological Society of America.
Ithaca. 16: 284-307.

THOMPSON J. N. & MOSKOWITZ J. 1997. Preventing the Extinction of the Clinical Research Ecosystem. Journal of
the American Medical Association. American Medical Association. Chicago. 278(3): 241-245.

TICKELL A. 2013. Implementing Open Access in the United Kingdom. Information Services & Use. 10S Press.
Amsterdam. 33: 19-26

TSCHIRHART J. 2009. Integrated Ecological-Economic Models. The Annual Review of Resource Economics. Annual
Reviews. Palo Alto. CA. United States of America. 28: 1-27.

WILLETTS D. 2012. Public access to publicly-funded research. In: Publishers Association annual general meeting,
London, 2 May 2012 (online). https://www.gov.uk/government/speeches/public-access-to-publicly-funded-
research (Accessed: August 8, 2014).

ZAMAN G. & GOSCHIN Z. 2010. Multidisciplinarity, Interdisciplinarity and Transdisciplinarity: Theoretical
Approaches and Implications for the Strategy of Post-Crisis Sustainable Development. Theoretical and
Applied Economics. Bucharest Academy of Economic Studies. Bucharest. 12(553): 5-20.

*** Global Science Forum. 2014. The Impacts of Large Research Infrastructures on Economic Innovation and on
Society: Case Sudies at CERN. Organisation for Economic Co-operation and Development. Paris. 79 pp.

*** Parliament of Romania. 2011. Law of national education no. 1 of 2011. Official Gazette. Monitorul Oficia RA.
Bucharest. 179(18): 1-63.

*** Romanian Ministry of Nationa Education. 2013. 2014-2020 research and innovation strategy. Preliminary version.
December 5, 2013 (onling). http://http:/Aww.poscee.research.ro/uploads/informare-g-publicitate/strategia-de-
cercetare-s-inovare 5dec.doc (Accessed: August 8, 2014).

Petrisor Alexandru-lonug
Department of Urban and Landscape Planning, School of Urban and Landscape Planning.
“lon Mincu” University of Architecture and Urbanism
Str. Academiei. no. 18-20. sector 1. cod 010014. Bucharest. Romania
National Institute for Research and Development in Constructions, Urbanism and Sustainable Spatial Development URBAN-INCERC
Sos. Pantelimon no. 266. sector 2. cod 021652. Bucharest. Romania.
E-mail: alexandru_petrisor@yahoo.com, Internet: www.environmetrics.ro

Received: January 10, 2015
Accepted: May 14, 2015

236




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


