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AN ANALYTICAL REVIEW OF THE RELATIONSHIP
BETWEEN SCIENCE AND PHILOSOPHY &

THEIR UTILITY IN CONTEMPORARY GLOBAL POLITY
CONCEPTUALIZATION OF TECHNOLOGY

Introduction. The central argument of this study is that for science to meet the challenges of globalization and justice
in the 21" century, it needs to be ethically informed, and thus philosophical reflection on and in science is cardinal.

Problem Statement. The study focuses on the 21 century trends in philosophical thoughts that influence
scientific motivations. To this effect, the research question that the study sought to answer is, ‘How and to what
extent can philosophy be valuable/influential to scientific advancements in contemporary times?’

Purpose. This paper aims to demonstrate that despite some differences between science and philosophy in
their origin and methodological conceptions, they do have reciprocal rudiments. The study gleaned this relation-
ship with the view to assess the utility of their relationship in a technologically and fast-paced 21" Century. This
study contributes to the literature by providing theoretical perspectives that critique conventional (Western)
epistemic stances of scientific knowledge construction and highlights lessons to be learnt through a juxtaposed
pool of ideas from all regions of the globe, not just from the West.

Material and Methods. The methodology adopted for this study leans on a descriptive and thematic litera-
ture approach which builds on qualitative data gathered through academic journals, scholarly books, and online
publications. The study review endeavors to focus on the 21% century trends in philosophical thoughts that influ-
ence scientific motivations.

Results. The study notes that the relationship between science and philosophy has endured for many hundreds
of years, and despite their differences which mainly lie in their scope, attitudes, methods, and peculiar challenges,
both are keenly engaged in advancing increased human capacity for innovation, ingenuity, and critical thinking.
The study concludes — from the prism of the future — that a critical global appraisal and continuous rigorous
review of scientific and philosophical activities is essential today more than ever before, if the futures project is to
contribute effectively to the (re)construction of sustainable frameworks of scientific production that yield results
in an equitable and environmentally sustainable manner.
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Conclusions. The study has brought to the fore, a stark reminder that neither science nor philosophy — operating singularly —
of fers genuine solutions on sustainable growth and development; hence stakeholders can make sense of complex phenomenon
from both science and philosophy by critically reviewing their outcomes in a reciprocal manner that appreciates the advances, the
gaps, and excesses from both sides. Most significantly, the study has pushed the envelope of comprehending science and philoso-
phy beyond Western constructions that often tend to overlook, and in some cases purposely downgrade orthodox but otherwise
valuable scientific insights from subaltern constellations of the global South.
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Marginalization of the global South.

For science to meet the challenges of globaliza-
tion and justice in contemporary political, so-
cial, and economic lives, it needs to be ethically
informed, and thus philosophical consideration
on and in science is fundamental. The study re-
view will endeavour to concentrate on the 21+
century trends in philosophical thoughts that
influence scientific motivations. The research
question that the study sought to answer is: In
what ways, and to what extent can philosophy
be valuable/influential to scientific advance-
ments in the 21* century?

Philosophy and Science have long had a rela-
tionship dating back to the beginning of human
civilization and often considered as synonyms.

Their practical significance, interdependence
and application can be traced to ancient Greece
during the time of the pioneer philosophers such
as Socrates, Plato, and Aristotle. These philoso-
phers played a seminal role in the transformation
and evolution of both philosophy and science.
Scholars-philosophers, such as Francis Bacon
and Galileo Galilei initiated the process of turn-
ing natural philosophy into science [1].

Both fields have many branches of study and
make use of reasoning, questioning, and analysis
to arrive at conclusions which bear common as-
sumptions. The epistemological underpinnings of
science as we recognize it today are believed to
have begun in ancient Greece. The history of sci-
ence from ancient Greeks to the present, is a his-
tory of one compartment of philosophy after an-
other breaking away from philosophy and emerg-
ing as a separate discipline. To date, the name of
some departments in which physics is studied is
still called, ‘natural philosophy’ [1].
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Natural science has tended to replace more tra-
ditional approaches to natural philosophy. The
modern natural science fields, therefore, can be
more elaborately described to lie in the life sci-
ences (biology) and in the physical sciences (che-
mistry, physics, earth science and astronomy).
The fields that spanned off from philosophy have
left philosophy with a set of distinctive problems:
issues they cannot resolve but must be left either
permanently or at least temporarily for philoso-
phy to deal with. For instance, mathematics deals
with numbers, but it cannot answer the question
regarding what a number really is; a physicist
cannot answer a question such as, ‘what is time’?
Explaining exactly what ‘time’ really means, is a
problem which science has left to philosophy.

COMPLEMENTARITY OR COMPETITION?

Scholars offer a mixed bag on the relationship
between science and philosophy: fromStephen
Hawking’s declaration of the official ‘death’ of
philosophy, and his conclusion that scientists
have become the torch bearers of discovery in the
quest for knowledge; to professor of Astrophysics
Geraint Lewis’s assertion that physics (science)
should only be concerned with predictions and
leave ‘worrying about reality’ to philosophers
[2]). There seems to be no consensus among men
of letters and academicians on which side the re-
alities about knowledge rests, or whether such
realities reside on both sides. Scientists such as
Steven Weinberg and Peter Atkins opine that un-
derstanding reality is the job for scientists, and
not for philosophers, while other scientists such
as Paul Diracconcurs with Geraint Lewis’s asser-
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tion that understanding reality is a job for phi-
losophers rather than for scientists[3].

Philosophers are interested in posing questions
and in analysing concepts, whereas scientists are
inclined towards heuristics that maximize dis-
covery and focus on details of data gathering and
analysis [4]. Both science and philosophy endeav-
our to discover knowledge by explaining phe-
nomenon- but using different pathways; whereby,
philosophy relies on logical argumentation, while
science utilizes empirical data [5].

This conundrum is aggravated by the existing
differences of positions of meta theories, where
the meta theory such as positivism believes that
science has no business dealing with unobservab-
le phenomenon and postulating the existence of
entities that cannot be subjected to experimental
tests [5]. Other scholars argue to the contrary. In-
between the two argumentative blocks, there are
scientists such as Albert Einstein who argued
that philosophy is influential for science to be
able to thrive [6].

However, philosophy being the earliest form of
science before science ‘proper’ came on the scene,
was above all other sciences (being a pioneer in
the field of the sciences) and was held, under-
standably, in higher esteem since all sciences drew
their methodological perspectives from it over
many hundreds of years[1]. Mathematics, phy-
sics, biology, and chemistry all came out of philo-
sophy — so, philosophical world views have always
influenced the formulation of scientific hypothe-
ses. This demonstrates how intertwined philoso-
phy is with science|[7].

Researchers such as [8], have asserted that philo-
sophy and science are partners in their explanations
to get the ‘truth’ on phenomenon and there seems to
be no clear boundary between them; for example,
physics has provided methods of observation and
experimentation which have exerted significant
influence on many spheres of knowledge [7].

This factor points to one critical explanation:
that neither philosophy nor science replaces or
reduces the efficacy of the other, nor does either
direct the other. Philosophy on its part, only as-
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sists with general principles of theoretical and
critical thinking; this shows that one cannot iso-
late philosophy from science and science from
philosophy.

This study has adopted a descriptive and the-
matic literature analysis approach that relied on
qualitative data that were gathered through aca-
demic journals, scholarly books, and online publi-
cations. The themes captured in the study lie
within the spheres of the philosophical and scien-
tific evolutions particularly those unfolding in
the 21 Century.

Most scholars today such as [9—11] have as-
serted that contributing to technological and
sustainable development is a contemporary task
that need to be managed in an interdisciplinary
way that recognise the symmetry of the futures
agenda. This interdisciplinary notion is also sup-
ported by philosophers such as S.B. Krymsky,
P.V. Kopnin, and V.A. Lektorsky whose works in-
fer that despite science being instrumental to the
advancement of civilisations, science alone is not
a sufficient mechanism to provide all answers for
human development, hence the need to expand
the horizons of knowledge foundations [12, 13].

Other scholars such as Bell (1996), and Saul
(2001), Inayatullah (2007) [14] have stated that in
the 21 Century, the study of the future(s) in the
contextual framework of scientific and philosophi-
cal evolutions has moved from predicting the future
to shaping the desired futures through an aggres-
sive exploration of technological mechanisms.

Substances of technology and sustainable de-
velopment generated through social sciences, en-
vironmental ethics, and resource economics ma-
nagement have increasingly been brought into the
limelight due to increased globalisation. To this
end, how then do we strike an appropriate balan-
ce between innovations and the need to uphold
ethical and welfare values within the global growth
context? At the core of this argument are con-
cerns that good (scientific) growth need not only be
capital efficient but also needs to be environmen-
tally, ecologically, and ethically sustainable [9]. In-
structive in all these arguments is that the essence
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of sustainable growth is anchored on inclusive go-
vernance across the board. In this context, inclu-
sion means encompassing all ideas from all regions
of the world, and not just picking ideas from the
West as the current penchant seem to suggest.

PHILOSOPHY & ITS SCOPE

Philosophy may be described as the critical inves-
tigation of (pre)suppositions that underpin vari-
ous arguments with a view of justifying them as
moral truths using logic and valid reasoning [1].
Philosophy may also be defined as the study of
the fundamental nature of knowledge, reality, and
existence whose methods may include rational
arguments and critical thinking discussion [15].

The philosophical reasoning and arguments are
drawn from human moral values whereby, philo-
sophy is concerned with asking questions about
humanity such as those that encompass ethics, and
which cannot be answered by natural sciences.
Forinstance, science cannot answer questions about
what is ‘right’ and what is ‘wrong’. In this vein,
philosophy attempts to answer these kinds of
questions that science has no answers for. Ques-
tions about emotion, sensation, and thoughts, all
remain unresolved in science proper. This chal-
lenge is an area left for behavioural science to
provide the necessary remedies, and yet previous-
ly, such remedies would be expected to be found
in philosophy [16].

Mark Risjord has asserted that scholars such as
Godfrey-Smith define philosophy as, ‘an attempt
to ask and answer some very basic questions about
the universe and the living organisms within it’
[15]. Philosophy is based on reason; and its meth-
od utilizes logical argumentation. It uses argu-
ments of principle as the basis for its explanations
and entertains both subjective and objective types
of questions. This means that apart from simply
finding the answers, philosophy also resolves to
generate and raise questions before finding out
those answers. Philosophy is chiefly involved with
thinking, as a way of creating knowledge; it frames
the questions and sets the rules of debate.
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For instance, the approach and practice of sci-
ence, including the scientific method, arose out of
philosophy. Sub disciplines of philosophy are;
logic (thinking about thinking), the study of valid
forms of correct reasoning; aesthetics, the study
of the nature of beauty; ethics, the study of what
is morally good and bad; political philosophy, the
study of social governing and justice; epistemo-
logy, the branch concerned with questions about
knowledge, evidence, rationality, the study of na-
ture, the extent and justification of knowledge;
and metaphysics which deals with general ques-
tions about the nature of reality which seeks to
identify the fundamental kinds of matters that
really exist [17]. Questions about epistemology
and metaphysics; the nature of things, ethics, the
extent, and justification of knowledge are the hall
marks of philosophy. In this context, philosophy
holds one of the key positions in the system of sci-
ences because scientific theories do have moral
implications. Philosophy criticizes science by high-
lighting the limits and power of science and by
ensuring that science does not attempt to trans-
gress those limits under the guise of scientific dis-
coveries. For instance, theories of human society
development, which were developed by Karl Marx
and Friedrich Engels have improved people’s ana-
lysis of the natural phenomena as well as the so-
cial phenomena [17].

New frontiers in scientific developments have
raised moral questions particularly in the areas of
artificial intelligence — answers which science can-
not provide. While it is possible that scientific in-
novations of the 21 century could stand on their
own without philosophy, the irony is that without a
broad knowledge of philosophical underpinnings,
scientific developments may potentially belacking
in robustness in meeting the ethical and moral ex-
pectations of society [16]. One of the key strides of
philosophy is its ability to ask probing questions and
the ability to understand the status of all subjects
and find answers through a moral prism. Also, phi-
losophy insists that dynamics of the universe must
relate to human perspectives by way of (e)valuating
what the correct principles of reasoning should be.

33



Nsama Jonathan Simuziya, and Abebe Tigire Jalu

CRITIQUE OF PHILOSOPHY

While philosophy offers significant benefits, which
include the fact that it works as a bulwark of ex-
cesses of science, it has some short comings. The key
weakness of philosophy seems to lie in its (e)valua-
tion of theories in an abstract manner, whereby, it
filters objective reality through subjective realities.

For instance, logic can be applied in any cir-
cumstance to show the validity of a statement,
but the logical validity of any such statement may
not necessarily demonstrate the truth. The logic
of this thought process is that if a particular line
of argument is true, its conclusion will also be
deemed to be true — but you could, for instance,
also have a logical conclusion drawn from a wrong
premise which would then render such a conclu-
sion faulty. A logical order of reasoning does not
in itself guarantee a truthful net result. In this
connection, the premise of the argument (itself
subjective) is critical to the final determination
of what the truth should be [16].

Critics also argue that, unlike science, philoso-
phy does not make progress — this assumption,
however, does not have much efficacy. Philoso-
phy does make progress because dialectical ana-
lysis generates compelling objections to a given
position which leads either to an improvement or
to the abandonment of the said position. This then,
is followed by a more critical analysis of either the
revised position, or of the new position [2]. Nobel
physicist Steven Weinberg took the rather unu-
sual step of writing a whole essay entitled Against
Philosophy: in it, he argued that not only is philo-
sophy not useful to science, but that, in some in-
stances, it can be positively harmful. This allegation
stems mainly from logical positivists whose phi-
losophical arguments were originally associated
with the Vienna Circle — a grouping that took a
rather narrow view of what counts as science [5].

A diametrically opposite view to Weinberg’s is
the one expressed by Daniel Dennett (perhaps
not surprising, a philosopher), in his Darwin’s
Dangerous Idea: ‘there is no such a thing as phi-
losophy-free science; there is only science whose
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philosophical baggage is taken on board without
examination’ [18]. Other meta theories — mainly
against positivist American school of political
science (social science) — argues about the im-
possibility of theory-free observation or philoso-
phy free-science.

Assumptions always presuppose actions — beit,
observation, or experiment. Therefore, a doctrine
that may seem to imply that philosophy is not
useful for science is not only misleading, but is
also damaging for education, for society, and ulti-
mately for science itself. Hence, on this anti-phi-
losophical refutation, it can be asserted that: ‘to
argue that one does not need philosophy, one must
actually engage philosophy’ [18].

SCIENCE & ITS SCOPE

Science may be defined as the exploration and rea-
soning gained from observed facts. It is the study
of the structure and behavior of the physical and
natural world through observation, experimenta-
tion, and reliability in the collection of informa-
tion and data analysis [17]. Science may also be
defined as a discipline that develops cumulatively
and incrementally, and whose methods can be
subjected to both the verification process as well
as to the falsification process [19].

These elements form the bedrock of science,
and they are mainly grounded in post-positivist
theories. Other scholars define science as a sys-
tematic study of any phenomenon that can be exa-
mined, tested, and any other ways of developing
knowledge through observation and experimen-
tation. Sousa [20] argued that:

...the scientific method is composed of the ne-
cessary principles for the performance of (scienti-
fic) investigations namely, observation or expe-
rimentation of phenomena; formulation of hypo-
theses concerning the phenomena, via induction —
the move from the particular to the general; tests
to demonstrate truth or falsity of proposed hy-
potheses, through deduction, i.e., the move from
the general to the particular and finally, the veri-
fication of or the need to modify hypotheses.
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Hence, science is a study and understanding of
natural phenomena, concerned with empirical
data, the data that can be observed, tested, and
repeated. It is systematic in nature, and there is a
specific course of action used which is called, ‘the
scientific method’. Science bases its explanations
on the results of experiments, objective evidence,
and observable facts. Science’s main purpose is to
extract the objective truth out of existing or natu-
rally occurring ideas. Two factors are mainly re-
sponsible for the progress that has been made in
scientific knowledge. On the one hand, advances
in observational techniques and their employment
to explore new fields of phenomena result in the
steady accumulation of more data of special expe-
rience. On the other hand, new theoretical in-
sights are achieved by the development of better
and more comprehensive theories [15].

Further, Godfrey-Smith [15] has argued that
after the industrial revolution, positivist science
gained a high position in society. One of the key
proponents of this science was August Comte
who spearheaded the theory of positivism by ar-
guing that truth only comes from scientific
knowledge, i.e., through direct observation, tes-
ting and verification. Science quashed aside reli-
gious, theological, mystical, and metaphysical as-
sumptions on the questions about sources and
validity of knowledge. Scientists argued that su-
perstitions and supernatural causes as argued by
the church could not prove any phenomenon in
the context of discovering sound knowledge. Sci-
ence, they argued, was now the ‘new religion’.

Another leading positivist, Francis Bacon, in-
troduced the inductive method of testing and re-
fining hypothesis by measuring, testing, and ob-
serving. Bacon’s work was supported by John
Stuart Mill, both recognising that beyond the
facts of sense, experience is one of the key factors
in the formation of logical statements [21].

Scientists in the field of physics such as Nicholas
Copernicus opposed the Catholic Church teachings
which had claimed that the earth was at the centre
of the universe. Instead, Copernicus argued that it
is the sun that is at the centre of the universe.
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Galileo (1564—1642) opposed Aristotle’s phi-
losophy on gravity and instead argued that ob-
jects fall and hit the ground at the same time de-
spite having different weights. Galileo developed
the telescope while Isaac Newton invented the
calculus which is a major instrument in science
today. The works of Descartes and Einstein in
scientific evolution have been equally profound.
Einstein was instrumental in changing the way
humans relate space with time and helped to
deepen the understanding of the link between bio-
logy and social conceptions, particularly on the
nuanced process of heritance [22].

What makes science distinct and attractive is
the ability of scientists to distance themselves
from the object that is being observed — this is
referred to as objectivity. It can be argued howe-
ver, that there is no sure way of attaining objec-
tivity due to researcher biasness. This bias takes
us back to the basic understanding that scientific
assumptions cannot be separated from philoso-
phy; that the evolution of science cannot hold
without philosophical underpinnings [16].

CRITIQUE OF SCIENCE

Matthew Brown, a professor of philosophy at the
University of Texas at Dallas, has argued that sci-
entists need to reject the idea of the epistemic pri-
ority thesis in scientific works. According to the
epistemic priority thesis, epistemic evidence (i.e.,
that modal logics alone) are sufficient to guide an
inquiry without such an inquiry being re-evalu-
ated during research. In this context, epistemic
standards override non-epistemic values in gui-
ding scientific research. In this theory, the non-
epistemic values have no role to play in science
proper [31].

Philosophers such as Karl Popper and Thomas
Kuhn argued that observation cannot be a neu-
tral source of information for choosing between
theories because what people see is influenced by
their paradigms. These concerns are critical be-
cause they challenge empiricism in a fundamental
way [15].
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This position is also supported by illations from
prominent Ukrainian philosophers, P.V. Kopnin and
V.A. Lektorsky who have warned about the dangers
of relying sweepingly on science and ignoring other
fields of social phenomenon. The argument of Kop-
nin and Lektorsky is framed from the context that
scientism tends to rest upon a limited idea of science
as a sum of facts connected according to certain or
otherwise prescribed logical laws. It can be inferred
from Kopnin’s concerns that reducing the diversity
of human consciousness to the scientific procedures
alone is not only a disservice to other fields that pro-
vide diversity of thoughts but could in fact be dan-
gerous for scientific growth itself [13].

In a similar thread, I.Z. Tsekhmistro has also
provided a refreshing epistemological thought by
arguing that, in physics, for instance, the quan-
tum property of the world as an indivisible whole-
ness is responsible for the implicative logical
properties of the structure of the potential possi-
bilities of the quantum system. This revelation
represents a fundamental aspect of social reality
by stressing that the quantum property of the
world is an indivisible unit. This clarity helps the
reader to comprehend world phenomenon from a
perspective that interconnectedness of various
aspects is at the core of what sustain systems [23].
Other knowledge seeking endeavours such as cul-
tures and religion also play complementary, if not,
critical roles in knowledge formulation. For in-
stance, the study of the phenomenon of sophian-
ism to which a leading Ukrainian philosopher,
S.B. Krymsky was devoted, believed that holy wis-
dom accompanied by freedom, is capable of nur-
turing and influencing cultural creativity to an
extent that cultural innovations become essential
elements that can be used for the construction of
civilisations. The context of this cultural con-
struction has a spill-over effect/influence, which
means that cultural civilisations need to be under-
stood beyond the state borders as well as beyond
the (narrow) scientific conscriptions [12]. Schol-
ars such as M.V. Popovych posit that religion also
plays a part as a building block component in the
epistemological terrain in the sense that it forms
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part of the complex, spiritual and intellectual in-
carnations of culture and society [24].

The major drawback on science seems to lie in
the fact that scientists cannot be wholly trusted
to be objective because observation is theory lad-
en. One of the most striking practical examples of
a critique concerning value-laden suppositions
can be illustrated by the rational comments made
by the former US Secretary of defence, Donald
Rumsfeld: at a media briefing on February 12,
2002, a journalist queried Rumsfeld on why his
government was still intent on invading Iraq even
when there was no concreate evidence on Bagh-
dad’s weapons of mass destruction programs. In
justifying his governments’ war stance, Rumsfeld
suggested that the United States would not re-
lent on pursuing the matter because, ‘the absence
of evidence is not evidence of absence’ [25]. Rums-
feld’s comments to the journalist and his subse-
quent insinuations in his book, Known and Un-
known: A Memoir, are very instructive, and they
hammer Karl Popper’s point home: that empiri-
cal observation is theory dependent. Theory tells
you what to look for and as such, people tend to
see what they want to see [26]. Another case in
point concerning value-laden inferences can be
illustrated by the 1964 Court pronouncements
made by the former US Supreme Court Justice,
Potter Stewart on a case involving a pornogra-
phy cinema film: in this case, Jacobellis v. Ohio-
had sought the Court’s interpretation on what
constituted ‘pornography’. On passing judgement,
Judge Stewart argued that: ‘I know it when I see
it, and the motion picture involved in this case is
not that’ [27].

These(subjective) views are further supported
by Peter Truran who argues that ‘seeing is not
necessarily believing’... because the instruments
used to test hypotheses are themselves a constit-
uent part of the hypotheses. The major weakness
of science seems to be its tendency to (delibera-
tely) ignore ethical considerations in its develop-
ment agenda. According to this line of thought,
science tends to rely on the supposition that the
end justifies the means [28].
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Heather Douglas, a professor of philosophy at
Michigan State University, has argued that sci-
ence requires ethical values for both direction of
research and sound conclusion. Scientists need
guidance for theory choice than just logic and evi-
dence alone. One of the fagades about science is
that scientists are presumed to be sensible moral
agents, on the supposition that scientific courses
upgrade moral reasoning, hence scientists are
usually assumed not to be under threat of force
when weighing certain moral consideration. How-
ever, it appears that moral responsibility spins on
issues particular to professional boundaries and
knowledge construction. Some scientists simply
do not recognise the legitimate role of values in
science on the claim that such values would be
damaging to objectivity [29].

As David Hume has stated, a human mind is
governed by desire rather than reason and as such,
people tend to favour their own interests even in
circumstances when the benefit to them is rela-
tively trivial and the cost to others very large
[30]. Hume’s conception was that certain scien-
tific propositions might not be relied upon be-
cause they may lack sufficiency in their wider
conceptions or that such conceptions may be nar-
row-minded at best, and at worst, the knowledge
obtained from them may not be empirically ro-
bust, hence the need for continuous re-evaluation
of any given system [21].

Helen Longino, a professor of philosophy at
Stanford University, has asserted that values in
scientific research are critical elements in those
inquiries. While it may appear to some constitu-
encies that science and values are like water and
oil which do not mix, professor Longino argues
that science cannot be autonomous to normative
issues. If the goal of science is to produce expla-
nations of the natural world, then the values and
constraints involved in considerations of what
counts as sound explanations will govern such ac-
tivities [31].

Foucault [32] has stated that a line is not linear —
it can be broken; it can be crossed and can also
meander — this demonstrates the contingent na-
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ture of life itself and the varieties it offers which
may otherwise remain unknown to us, i.e., this
scenario provides an illustration of an archaeolo-
gy of the sciences that unearths old patterns of
meaning and lays bare the arbitrariness of our re-
ceived truths. For instance, when, if ever, is the
use of landmines or atomic bombs justified in in-
ternational relations?

While technology has brought greater develop-
ment to the world, the same technology is now
apparently appearing to be a threat to interna-
tional peace and security. The case in point is the
COVID-19 pandemic which may point to how
much technological innovations may have inva-
ded and destroyed the ecosystems which sustain
and promote the welfare of all earthly inhabitants
[11]. Scholars such as Peter Medawar would ar-
gue that scientific conceptions in their orthodox
form do indeed have the potential to carry with
them the mistaken notions of the nature of scien-
tific thought due to misrepresentations of those
thought processes [33].

Imre Lakatos and Paul Feyerabend have ar-
gued that science degenerate unless it is theoreti-
cally and experimentally progressive. In this con-
text, particular theorems may not necessarily be
definitive, only that no counter idea may be avai-
lable yet — but once a counter idea is found, the
theorem may need to be re-examined with a pos-
sibility of adjusting its validity parameters|34].

Critical theory reminds us to focus on strug-
gles that reveal in broad outline how an alterna-
tive society is already imminent within the cur-
rent social order. Frankfurt School scholars such
as Jurgen Habermas have argued that modernity
has made progress in advancing the ethical claim
that the legitimacy of social arrangements de-
pends on how far they are answerable to everyone
who is affected by them. Moral principles of uni-
versality hold out the promise of a global system
in which all persons face each other as equals in
forms of open dialogue in which no one knows
who will learn from whom in advance [35].

Another critical aspect arising from scientific
innovations is Globalization. The world has wit-
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nessed unprecedented state-of-the-art scientific
developments in global finance, information and
communication technology and global econo-
mics. Multinationals operate on a global scale with
satellite offices in numerous locations, many of
whom are involved in arm-twisting tactics of weaker
states in pursuit of maximisation of profits at any
cost[30].Globalisation, with all its technological
advancements, is increasingly leaving more peo-
ple (particularly of the global south) marginali-
zed. Inequalities of neoliberal capitalism such as
unfair corporate trade practices, pollution from
mining industries and dumping of technological
and industrial waste in poor countries have ex-
posed the dark side of technology and globaliza-
tion particularly for people of the global [36].

Ironically, some of the members of the worst
negatively affected states of Africa are engaged in
what Friedrich Engels called, ‘false consciousness’
..meaning that these members from poor states,
otherwise commonly referred to as, ‘local traitors’
or ‘capitalist collaborators’ use their privileged
political and economic influence through institu-
tional processes to conceal the capitalist exploita-
tion of the ordinary African citizens. This (deli-
berate) entrenchment and marginalisation of the
subaltern populations is what philosophy consi-
ders to be unethical and immoral conduct [37].

Alison Wylie, a professor of philosophy of sci-
ence at the University of British Columbia, has
inserted a fresh epistemology to this topic when
he argues that in the application of scientific
knowledge, the standpoint theory — controversial
as it may seem — holds the promise of mediating
between the excesses generated by long-drawn-
out debate over the role of values in science. The
key utility of the standpoint theory is its analysis
of inter-subjective discourses which argues that
the actual authority lies in individual’s personal
knowledge and the power that such individual
knowledge exert. Wylie [38] has put this conver-
sation in perspective by arguing that:

...the standpoint theory’s central insight is an
inversion thesis which opines that: those who are
subject to structures of domination that syste-
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matically marginalise and oppress them may in fact
be epistemically privileged in some crucial re-
spects. They may know different things or know
some things better than those who are compara-
tively privileged by virtual of what they typically
experience and how they understand their (troub-
led) experiences. The theory offers a framework
for understanding how far from compromising
epistemic integrity certain kinds of diversity may
significantly enrich scientific inquiry.

CAN PHILOSOPHY DEVELOP
WITHOUT SCIENCE? OR CAN SCIENCE
DEVELOP WITHOUT PHILOSOPHY?

Every scientific discovery is at the same time a
step forward in the development of the philo-
sophical methodology. It can also be argued that
any object of scientific investigation is simultane-
ously its effect. The more scientific knowledge
develops, the more is the tendency to study the
logical ways of getting such knowledge. For while
knowledge is crucial for human development,
such knowledge should be harnessed by reason
and by some form of belief system. In Theaetetus,
Plato defined knowledge as the intersection of
truth and belief, where knowledge cannot be
claimed if something is true but not believed, or
believed but not true [39].

Philosophical theories provide scientists with
wider scope to resolve the issues arising from
their work. This apparent self-awareness from
both sides shows how related and connected phi-
losophy and science are, although they raise dif-
ferent questions and differ in the content of their
methodological questions. The use of critical think-
ing on both sides and their nature of critical in-
quiry such as philosophy’s examination of scien-
tific methods — philosophy’s integrating of sci-
ences and examining scientific assumptions — and
scientific research’s influence on philosophical pro-
gress and philosophy’s guiding nature of the fu-
ture course of scientific process including philo-
sophy’s provision of constructive criticism to sci-
ences shows that science and philosophy are stron-

ISSN 2409-9066. Sci. innov. 2023. 19 (4)



An Analytical Review of the Relationship Between Science and Philosophy & Their Utility

gly related and cannot be divorced from each
other [8].

The more science we discover, the more philo-
sophical questions that come along with it. In such
cases, philosophy will always be there with sci-
ence to answer questions related with ethics, mo-
rality, human mind, economic distributions, and
other related questions that come into being with
the advancement of science and technology [40].

Science and philosophy are two fields, or fami-
lies of fields, within the general project of the sys-
tematic and rational investigation of the world,
distinguished by their subject matter. They use
critical inquiry on their way to develop know-
ledge. In broad terms, philosophy and the scienc-
es are equal partners assisting creative thought
processes in explorations with a view to attain
generalized truths. It bears repeating that phi-
losophy does not replace the specialized sciences
and does not command them, but it aids them
with general principles of theoretical thinking,
with a method of cognition and worldview. In this
sense, scientific philosophy legitimately holds one
of the key positions in the system of the sciences
[5]. Philosophy and science use reason on their
way to develop knowledge. All the sciences, and
especially the quantitative ones, rely heavily on
the reliability of logical reasoning and deductive-
ly valid arguments; the sciences also rely on in-
ductive arguments i.e., the ones which move from
finite bodies of data to general theories. The po-
wer of philosophy is logic. By using critical think-
ing and reasoning, philosophers distinguish valid
arguments from invalid ones to arrive at certain
realms of reality and knowledge [39].

Science is concerned with natural phenomena
while philosophy attempts to understand the na-
ture of human beings and their existence. Histo-
rical developments of questions that seemed not
to be answered by science were answered by phi-
losophy. Philosophy, in this case, helps to address
inquiries that ordinarily could not be answered
by science. In other words, philosophy can help
to show the missing links in the scientific under-
standing of phenomenon which is being studied.
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This connection has endured for very many years.
It is ironic that while philosophy relies on logic
for its theories to hold, scientific theories also
emerge from the same logical processes [7].

The theory of knowledge offers the best link
between philosophy and science in the sense that
epistemological foundations rests both in science
and philosophy — this way, knowledge gaps from
either of the fields is compensated for by the
strengths of the other field. Both disciplines help
each other to bring out unpredictable aspects of
reality through originality, open mindedness, and
sensitivity to new aspects of study. Principally, in
the absence of empirical evidence, any theorising
would be set aside and put off for discussion, yet
philosophy should still not be discounted from
the equation because many guiding ideas that lie
at the foundation of modern science were first
brought out through philosophical perspectives.

The theories of motion, space and time were
started in philosophy. Apart from influencing the
development of various fields of knowledge, phi-
losophy itself has been enriched by progress in
the sciences. However, unethical technological
advancement is rejected by moral philosophy. In
this context, progress that is consigned only to
the protocols of technology and separated from
ethics does not have the blessings of philosophy.
No single discipline will ever have all the answers;
it is only by working together that they both sci-
ence and philosophy can thrive [7].

PHILOSOPHY FOR SCIENCE

The researchers such as Thomas Pradeu have opi-
ned that some philosophers of science use philo-
sophical tools to produce scientific knowledge
rather than knowledge about science. Most ex-
perimental philosophy deals with philosophical
matters with experimental methods, rather than
scientific problems with philosophical tools [8].
It is argued that one can do philosophy with-
out science, but it is not possible to do genuine
science without philosophy. Philosophy enables
science to examine the terms and presuppositions
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of science i.e., to critically analyse and clarify what
the terms used by science mean, and how they are
articulated, and what assumptions they require.

However, the idea that philosophers can con-
tribute effectively to scientific knowledge might
be met with scepticism by some. The question
that arises is: what is the impact of philosophy on
science?

A study conducted by [8] suggest that philoso-
phy does have enormous influence on science.
The study revealed that, for instance, that nearly
half of the highly visible articles in scientific jour-
nals are authored by philosophers. This result is
significant both symbolically and practically on
the influence of philosophy on science. Further,
this also seems to suggest that philosophy and
science belong to a continuum than to the propo-
sition that they are different entities.

Philosophy helps science to discover standards
for sound theoretical premises, helps in the iden-
tification of valid modes of explanation of scien-
tific methods. This offers an epistemology that
does not prevent but stimulates scientific pro-
gress; to illuminate ethical guidance and discover
(broad) goals for science. Also, this points out
and articulate the interrelations between con-
cepts that are found in different domains of the
natural sciences as well as in the social sciences
and humanities. Further, this explains how obser-
vations fit in the broader picture of the world and
to create a language where scientific results and
broader human experience can complement and
mutually enrich each other [41].

This means that aside from finding answers,
philosophy also resolves to generate questions. It
raises questions and screens processes before find-
ing out the answers. Philosophy is mainly in-
volved with thinking and creating knowledge.
Philosophy deals with two sets of questions: first,
the questions that science, i.e., physical, biologi-
cal, social, behavioural cannot answer now and
perhaps may never be able to answer; second, the
questions about why the sciences cannot answer
the first lot of questions. One type of question
that only philosophy deals with is the normative
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questions, issues of value — questions about what
ought to be the case, what we should do, what is
good and bad, what is right, and wrong, what is
just, and unjust in ethics, aesthetics, and political
philosophy. The sciences are presumably descrip-
tive, or as is sometimes said, positive, and not
normative. Many of these normative questions
have close cousins in the sciences [17].

SCIENCE FOR PHILOSOPHY

Often, as a tool of philosophy, science answers the
questions of philosophy and guide them towards
empirical findings. In the history of philosophy
and science, the transforming effect of science on
philosophy is apparent when we consider onto-
logy: in ancient Greek philosophy, there was a
theory of atomism, a world constructed by indi-
visible material particles [42].

Later, from the point of view of classical me-
chanics, the world is constructed integrally by
particles whose basic properties result from the
interactions of forces. ‘Quality’ was considered
by modern materialists and physicists as the sym-
bol of the existence of matter, and the ‘weight’ of
quality as the standard magnitude of measuring
matter. In other words, materialist philosophers
all conflated matter with ‘quality’ in science and
viewed it as the origin of the world. Next, matter-
energy was shown to be a more basic form of rea-
lity than quality by electromagnetic field theory,
relativity, and quantum mechanics. This new de-
velopment in science made traditional materia-
lism lose its raison d’étre, which led to correspond-
ing transformations in philosophy, the emergence
of modern energetics, a new realism, and a new
materialist philosophy [43].

OVERLAP AND SUPPORT FOR EACH OTHER

There is an important domain of overlap between
the two, in that the subjects of the natural sci-
ences are also subjects for philosophy. De Haro
[41] has asserted that, ‘the universe, and possible
universes other than our own elementary parti-
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cles, and life, are all subjects of concern for both
natural science and philosophy’. The scale of sci-
entific work and the social significance of research
have gained significant traction. For instance,
philosophy and physics were at first organically
interconnected, particularly in the works of Gali-
leo, Descartes, Kepler, Newton, Lomonosov, Men-
deleyev, and Einstein, and generally in the works
of many scientists with a broad outlook. At some
point in time, it was commonly held that philoso-
phy was the science of all sciences, and hence
their supreme ruler. Today, physics is arguably re-
garded as the queen of sciences [4].

Science and Philosophy have distinction in the
subject matter. It is apparent that philosophy
studies subjects, such as societies and political or-
ganizations, about which the natural sciences
have nothing to offer. Science and philosophy
cannot be distinguished on the basis of their sub-
ject matter alone. The difference is often sought
in their formal objects and methodologies: sci-
ences seek explanations in the modes of causal ef-
ficacy and material causation, whereas philoso-
phy is interested in formal analysis, goals, and
intentionality. This difference in methodology is
often summed up by the mantra, ‘philosophy asks
why-questions, science asks how-questions’ [41].

Science has its goals-description, prediction
experimentation and control while philosophy
aims at interpretation, in finding the purpose and
value in life. Science is essentially constituted by
principles of universal rationality and those prin-
ciples are not equal to direct narratives about
facts of observation and experiment. They de-
pend on certain concepts, rules, and methods of
abstract philosophical thinking to ascend from
narrations of facts to principles of universal ra-
tionality. We can thus begin to see how philoso-
phy is very much in science, and how science is in
the rules of philosophical paradigms. There is an
intrinsic, implied philosophical concept in any
scientific universal rationality, which can be vie-
wed as the offspring of certain philosophical con-
cepts and concrete narratives combining with
one another. The unity of philosophy and science
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cannot be considered exclusively as an external
join, but also as an inner convergence [5].

Science can only give data or methodology
while philosophy interprets these results and
come up with theories. An increasing number of
philosophers, however, are making conceptual
contributions to sciences ranging from quantum
mechanics to evolutionary biology, and a few sci-
entists are conducting research relevant to classi-
cally philosophical fields of inquiry such as con-
sciousness and moral decision-making. Philoso-
phy may help determine what science investi-
gates, and science may support or prove false,
philosophy with factual exposure. Winch [44]has
argued that:

...the difference between the respective aims of
the scientist and the philosopher might be ex-
pressed as follows: whereas the scientist investi-
gates the nature, causes and effects of phenome-
non and processes, the philosopher is concerned
with the nature of reality as such.

Philosophers do their critique using logic, ethics,
and metaphysics, whereas scientists use their
critique mathematically, empirically, or physical-
ly. A philosopher’s work, if he is employed at all,
often remains in liberal arts academia. A scientist
on the other hand, may work on physical applica-
tions. Scientists try to ascertain probability, whe-
reas philosophers try to ascertain what may be
true logically. Scientists instruct students on
‘what is known’ (the tenets of science, the size of
the universe, the gravitational constant, etc.).
Philosophers instruct their students on ‘what is
not known’, i.e., lingering questions, debates, par-
adoxes [21].

POLICY IMPLICATIONS FOR FUTURE
MUTUAL DEVELOPMENT OF APPLIED
SCIENCE & PHILOSOPHY: SCIENTIFIC
KNOWLEDGE IS UNIVERSAL,

AND NOT A WESTERN PRESERVE

Thomas Kuhn argued that at a given time, scien-
ce tends to be dominated by a particular paradigm
until it is challenged by a crisis which then forces
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the emergence of a new paradigm. The cycle keeps
going on, i.e., from ‘normal science’ to a crisis,
then leads to a revolution and back to normal sci-
ence [43].

In the 21 Century, technology and globaliza-
tion have taken centre stage of key human activi-
ties across the social, economic, and political sphe-
res in which most adherents of scientific practice
see social science and philosophy as analogous to
science [46].

Technology has benefited the global popula-
tion, for instance, through better communication
systems and efficient productivity in the supply
chain. These scientific innovations, however, pro-
duce both the benefits and the inadvertent nega-
tive effects. The (unintended) effects could be dire,
such as an increase in inequalities and an escala-
tion in the invasion of privacy, for instance, thro-
ugh surveillance systems. Such privacy violations
are an infringement of the human rights of ordi-
nary citizens[9].

Critics argue that although technology has pro-
vided better infrastructure and continue to offer
more innovative options for environmentally con-
scious choices — affordability of those innovati-
ons by marginalized populations remain a huge
challenge. Technology has also attracted criticism
not only because it gallops millions of funds to
sustain it, but also because it is mainly driven by
hegemonic politics of capitalistic cut-throat-com-
petition at the expense of social welfare programs
such as underfunding in the educational and
health sectors. Marginalized and poor populations
are confronted with the reality of dealing with
the negative effects of technologies that may in-
clude climate change challenges such as acid rain,
increased droughts, an increase in heat waves,
flooding, soil erosion, insect outbreaks, reduced
agricultural yields, and an increase in more aller-
gies and other health risks [36].

Stengers [47] has strongly regretted Western
hegemonic propensities — the arbitrary restric-
tion of what constitutes ‘technology’ to measur-
able items in the built laboratories of the West —
this position — in effect — amounts to an episte-
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mological and ontological exclusion of the tech-
nological contributions of the subaltern popula-
tions of the global south. A prime example is the
fact that the vast Western scholarship tends to
ignore the systematic tapping of native (global
south) plant knowledge that goes to feed imperial
and Western techno science [48]. Ironically, these
practices ignore the fact that the global south
were already technological before colonization.
To date, the image of the global south (Africa in
particular) in the technological imagination is
still Hegelian, i.e., a mindset that portrays Africa
as a continent with no development to exhibit
[49]. The question that remains is whether, in
philosophical terms, Western scientific technolo-
gy — standing on its own-can adequately up lift
the lives of all marginalized populations across
the globe [10]. Sieglinde Snapp, a professor of
soils and systems ecology, has added her voice to
the legacy of colonialism by asserting that science
and Western-inclined education is immersed in
injustice and exploitation. A study carried out in
2021 revealed, for instance, that only 16% of arti-
cles in high profile development journals came
from scholars that are predominantly based in
subaltern populations while 73% came from the
global north scholars [50]. These biases and non-
inclusive agendas are further exemplified when
she has stated that:

...scientific novelties from marginalized people
have been erased, natural history specimens (from
the global South) have been taken without con-
sent and genetics data have been manipulated to
back eugenics movements. Without acknowled-
gement and redress of this legacy, many people from
minority ethnic groups will not trust science, and
certainly will not feel welcome in academia — an
ongoing barrier to the levels of diversity that ma-
ny (Western) universities claim to pursue. Agri-
cultural research is also steeped in colonial atti-
tudes; for instance, many programs focus solely
on higher crop yields, rather than including the
nuances of resource stewardship such as how us-
ing perennial crops improves soil health at the
cost of lower yields. By conducting agricultural
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research that involves scholars from the global
south, we can better address a broad range of pro-
duction and sustainability goals [50].

The study highlights science and philosophy
coming of age. The paper leads the reader on a
tour of early scientific theory and weaves through
the historical clashes and collaborations between
science and the competing spheres of philosophy,
poetry, religion, mathematics, and technology.
The study reveals that despite the differences be-
tween philosophy and science on the literal defi-
nitions or on the origin of words, methodology,
subject, and met a theoretical positions, they have
a positive relationship.

Each discipline can arguably claim to be the
origin of the other. This symmetry is depicted us-
ing logic (critical thinking), searching for reality,
knowledge, truth, giving constructive critique to
support each other, progressing together, inner
convergence and overlapping of subjects. Philoso-
phy, which most scholars consider as the base for
the origin of science, reinforces science by criti-
cizing scientific theories — this in turn provoke
and energize scientists to discover new concepts.

As science advances and new phenomenon ap-
pear in artificial intelligence, in genetic engineer-
ing and in molecular biology, new moral questions
are brought to the fore where philosophy per-
forms its task. It isin this context that this paper
has argued that for science to meet the challenges
of globalization and justice in the 21 century, it
needs to be ethically informed, and thus philo-
sophical reflection on and in science is essential.
Both need each other, and mainly for science,
philosophy, arguably, maybe mandatory. The
study also illustrates that while it might be pos-
sible to do science without philosophy, it remains
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! Dimocodepkuit hakyabret, BiamizeH s MO THYHNX HAYK — YHiBepcuTeT Ipazert Kpasose,

ByJI. Pokirtanckero, 62, Ipazer; Kpanose 500 03, Yexis,

+420 606 863 394, nsamas2000@yahoo.com

2 KoJtek coriaibHuX Hayk, /lemapraMenT moiTHYHNX HayK i MiKHAPOJHUX BiAHOCHH — YHiBepcuTeT Annnc-Abeow,
Kino Kamnyc, 6,Annnc-AGeba, @eneparusha Jlemokparuuna Pecriy6aika Ediomnis,

+251 93 133 4994, abebetigire15@gmail.com

AHAJITUYHUY OIJIA/TI B3BAEMO3BSI3KY MIK HAYKOIO
I OITOCODIEIO TA IX 3ACTOCYBAHHSA B CYUACHIN TJIOBAJIbHIN
OJIITUYHIN KOHIENTYAJII3AIIIT TEXHOJIOTTT

Beryn. /luist Toro, o6 Hayka MorJsia TpOTHCTOSITH BUKJIWKaM riobasisaitii Ta cripaseainBocti B X X1 crouiTTi, BoHa Mae
Bi/ITIOBiZIATH BUMOTaM €TUKH, a OT3Ke, hisocodepka pedrekcis Ha HAyKy Ta B HAYIII € HAA3BUYAWHO BaXKINBOTO.

IIpo6GaemaTura. [[ocmisKeHHsI ClIpsAMOBaHe Ha aHauis TeHaeHin XXI cromitrs B8 Gpiocodebkiil gyMmIL, 0 BIUIMBAIOTH
HA HAYKOBY MOTHBAILI0, & cCaMe Ha IIOLIYK BiJANOBiAl Ha 3anuTanHst: <51k (inocodis Moxke OyTH KOPUCHOK Ta BILIMBATU HA
HAYKOBI JIOCSATHEHHSI B CYyYaCHOMY CBITi, 1 IKUM YHHOM IIe BiIOYBA€ETHCSA?>.

Mera. [Tonremoncrpysary, 1110, He3BaskalouM Ha JIesIKi BIIMIHHOCTI y CBOEMY ITOXO/IKEHHI Ta MeTOI0JIOTTYHIX KOHIIEIIISX,
MiXK HayKoIo Ta isiocodi€io cHyIOTh IeBHiI B3a€MO3B’s13K1. [loctipkents po3Tiisiiac 11i 3B’ I3KH 3217151 OIIHKU KOPUCHOCTI iX
B3a€EMO/IIi B yMOBaXx IIBUIKOTO TeXHOJOTIUHOTO po3BuTKy XXI crouirts. [y Toro, mob Hayka GyJia 31aTHOIO BiANoBigaTn
BUKJIMKaM TJI00aJbHOI CIIPaBeINBOCTI, BOHA NOBUHHA MaTU €THYHE MiATPYHTS, ToMy (iocodebka pediekcis Hax HayKoo
Ta B HAYIl Ma€ NepIIoyeproBe 3HaYeHHSI.
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Marepianu i Meroau. MeTooorist 6a3y€eThcs Ha aHAII31 ONMCOBOI TA TEMATUYHOI JIITEPATypU 3 BUKOPUCTAHHSIM SIKICHUX
JIaHVX, sIKi OyJiu 3i6paHi 3 akaJleMiuHUX JKYPHAJIB, HAYKOBUX KHUT Ta OHJaiiH-1myGiKaiiit. Orisi cripsiMOBaHO Ha BUSIBJICH-
Hd TeHaeHnii y dinocodepkiit gymii XXI cTommiTrd, SKi BIVIMBAIOTH HA HAYKOBY MOTHUBAILIIO.

Pesyabratu. [Tokaszano, 1110 3B'130K Mizk HayKoIo Ta (piocodi€eio iCHy€E IPOTAToM 6araThboX CTOJITD, | He3BasKa0YK Ha IXHi
OCHOBHI BIZIMIHHOCTI, IKi BKJIIOYaIOTh MaciuTal, MmiiXi, METOAMKY Ta YHIKalbHi BUKIMKHU, OOUABI rajly3i akTUBHO CIIPUSIOTH

PO3BUTKY JIFOJICHKOI 3/IaTHOCTI /10 IHHOBAILi, TBOPUOCTI Ta KPUTHYHOIO MUCJICHHS. 3'ICOBAHO, 110 B MAllGy THHOMY KPUTHUYHA
OLIiHKA Ta MOCTIHHMIA peTebHIIT aHaIi3 HayKoBOI Ta (inocodCchbKOi AiSABHOCTI cTaHyTh HabaraTo BaKIUBIIIUMU, HisK Oy/1b-
KOJIM paHillre, Ko MaiibyTHI IPOEKTH OYAyTh CIPSMOBaHi Ha e(hEeKTUBHUN BHECOK Y (PE)KOHCTPYKIIIO CTIKIX BUPOOHH-
YUX CTPYKTYP, SIKi CIIPUATUMYTD CIIPABE/VIMBOMY Ta €KOJIOTIYHO CTIHKOMY PO3BUTKY.

BucnoBku. BasksinBo, mo okpemo Hayka Ta ¢disocodist He MPOMOHYIOTH CIIPABXKHIX PIillleHb /71 CTATIOTO POCTY Ta PO3BU-
TKY, OT’K€, 3alliKaBJIeHi CTOPOHU MOBUHHI PO3YMITH Tieii CKIa[HUIT (heHOMEH SIK Yepes TPU3My HayKH, Tak i (isocodii, kpu-
TUYHO TIEPEOCMUCITIOIOYH IXHI JOCATHEHHS Ta HeAOMiKK 3 000X 6okiB. HaitBaskimsiie, o J0CTiIKEHHS PO3IINPIOE PAMKI
po3yMiHHs HayKku Ta (isocodii 3a Mexki 3aXiAHIX KOHIEIIIii, IKi 4acTo He ToMiYaar abo HaBiTh YCBIOMIECHO HEXTYBAJIN
OPTOIOKCATILHUMI, aJie IIHHUMU HAYKOBUMU iIeSIMU 30KPEMA, TaK 3BaHOTO riiobaibHoro IliBHs.

Kmouosi crosa: dinocodis ta Hayka, riobaizaliist, TEXHOJIOTI Ta IHHOBAIIii, OHTOJIOTISI Ta €MiCTEMOJIOTIS, CTa/INii PO3BUTOK,
Maprinasnisaitist r06aibHoro [TiBaHs.
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