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Opinion Article

Advances in Modern Physics: Transition from Posititsm to Post-positivism in
Education and Research

Abstract

Advances in quantum physics in the first quartetheftwentieth century dramatically influenced
perspectives in science and philosophy. This pdgeusses why a shift towards post-positivism
in the philosophy of science is necessary, taking\gel perspective using the basic principles of
guantum physics and its implications. Given thedamentallimitations of observation and
evaluation in science as elucidated by quantum arechk, we need to question the meanings of
objectivity and truth, and therefore our entireeggnt knowledge base. This results in a
re-alignmentof ontology, epistemologand methodologyin the philosophy of researcfihe
comparison of quantum mechanics and post-positilesds us to relativism and critical realism.
It is proposed that the right way to approach tbgussition of knowledge is to have an overall
perspective of post-positivism that parallels thasib principles of modern physics. It is
suggested that this new approach would be an apategramework also for higher education,
leading to interdisciplinary, constructiveand active learning instead of thetraditional
prescriptiveapproach.

Introduction

Transformation of knowledge, during the two impattastages of the learning
process—education and research—results in the continuous development of scienod a
technology (see also Steinke 1994 and Sadler-Sa®®96). As a result, advancement in science
and technology in turn also encourages scienceawifgnor entirely change thphilosophical,
epistemologicahind methodologicabpproaches used in these two stages. Undoubtediyneels

in modern physics have been of great importandéenevolution of the philosophy of science.
World views at the beginning of the twentieth ceptwere dramatically influenced by new
perspectives in physics such the Planck radiation law(see for instance Pyle, 1988ophr’s
atomic modelsee for instance Willden, 2001) and later theettpment ofthe band theory of
solids (see for instance Blakemore 1989), entirely chagmghe outlook on theatomic and
electromagnetic naturef the universe (Kragh, 2002). Some new ideas amspectives towards
physical phenomena were so successfully introdacetdeveloped up to the mid-century that
the birth ofquantum physicprovided great insights to scientists who couldllyaghave imagined

a better understanding of the microscopic and foeref matter as a whole.

Towards the end of the nineteenth century, somsigpisys started to think that most of the issues
underlying the topic were totally understood, am@ trest of physics would only involve
modifications in the details. The revolutionaryatigeries of classical physics such as Oersted’s
discovery of electromagnetic relations (1820), dad by Ampere’s (1826) and Faraday’s
(1831) Laws ofelectromagnetismthe construction otlassical electromagnetic theoryy
Maxwell (1850) and finallyThomson’s (1896dliscovery of electronfiad according to this view
all already taken place. However, some modern ibea@nd experiments by other great scientists
such as Planck, Einstein, Bohr, de Broglie, HeisegmbSchroédinger and Born proved that their
predecessors could be wrong: a lesson also for madéence. Quantum mechanics remains an
incomplete science that has evolved frBehrddinger’s and Dirac’s formalisito thequantum
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electrodynamic{QED) of Feynman, a more general view of quantuethanics combining
guantum field theor¢QFT) with special relativityand that this process continues.

The success of these revolutionary physicists wdsaving adeep knowledgef what had been
achieved in the past and to haveriéical perspectiveon what was happening at the time without
discounting a single detail or observation. Farad@ydemir, 2015) had great success in
postulatingelectromagnetic inductigrwhich later on resulted in many important aplaras
such aslectric generators and enginesnd this wasbecause he did not ignore five seconds of
observation during his lifelong experiments.

Novel perspectives and achievements of modern ghysich as Planck’s (1900) explanation of
the black body radiationEinstein’s (1905)photoelectric phenomena and relativity theories
(Penrose 2009), artdeisenberg’s Uncertainty principl925) have ultimately led to a transition
in the philosophy of science fropositivismto post-positivismafter the mid-twentieth century.
This included scientists realigning thepistemologyandmethodologyn research and education,
which has eventually led to new methods of edungiarwick & Stephenson, 2002).

Science's present knowledge base is a result ohitgg and represents a collection of
individuals’ worldviews. As Coll and Taylor (200%}ated “individuals’ worldviews construct
paradigms, which are some combinations of basic beliefs, coriog ultimate or first
principles.” It is personally interpreted that pdigas ardntellectual developmentavolving the
essence of philosophy of science suchomt®logy epistemologyand methodologyParadigms
can change in the course of time, because scisralerays potentially on the edge of revolution,
as also stated by Williams (1982). From the auth@oint of view, science is continuously
evolving since its nature consists of proofs arfdtadions. As stated by Pickstone (2001): the
ways of knowing are based on the ways of production

This paper discusses how and why advances in ghigaie in due course led to a transformation
in the philosophy of science and learning, andetoee in education. The way of thinking in
post-positivism will be combined with the ideasgoiantum physics. In connection with this, one
suggests that the difference between positivismparst-positivism can well be understood when
we analyze the conflicting views between clasgitaisics and quantum physics.

Basics of Quantum Theory

Deterministic views of classical theory started tocome up against statistics in
thermodynamic phenomenon where the repetition of tb same event and the multiplicity of
different events comes into play. Consequently mufile recurrences of one particular
phenomenon in many microscopic and macroscopic evisnneed not end up with the same
results. The first comprehensive theory was theMaxwell-Boltzmann Statistics (1871)
evaluating the possible ensembles of an isolatedettmodynamic system with particular
values of a continuous energy range.

Planck in 1900 introduced the temuantaby explaining the quantum behavior of thermal or
blackbodyradiation. According to classical beliefs thermadliation should have been infinite

when the temperature of metals continually incréaggowever Planck’s quantum theory

suggested that electromagnetic radiation couldifgedsed by energy quanta of E=lv xalled
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photonswhere E is the energy of a photon witlfrequency and h the Planck constant. This was
the first such theory, which suggested that somgtiith no mass (like a photon) could have
energy (Tekeli et. al., 1999). It combined energgl &equency with particle and wave behavior,
respectively (for further reading, see also Eimsteid Infeld foreword by Isaacson, 2007).

This eventually led to a well-known fact called twave-particle dilemmas follows: When
Planck mathematically formulated the semi-classitatk body more generally known as the
thermal radiationproblem in 1900, he was not quite aware of the tlaat this invention was
going to revolutionize physics and lead to a nevwpetyof version of it—-Quantum
Physics—without which today’s globalization would not halkeen possible (Loudon, 2000). In
1905, Einstein showed that a photon could act gmréicle in the photoelectric effect. He
demonstrated that photon energy could be convedadte kinetic energy of electrons. Bohr’s
atomic model in 1913 generalized the ideajoéntized electronic energy levaétsan atom that
can be changed by either the emission or absorpfiphotons. This was the first modern atomic
model (Thornton and Rex, 2002). Contrarily, de Broglietptated the wave nature of electrons
in 1923. This assigns electrons with a wave paramedlled thede Broglie wavelength (de
Broglie, 1970), resulting in an important term “nbat wave”. This conflict between the idea of
the a photon as a particle of light and the mattave of each quantum system is the famous
wave-particle dilemma of quantum physics.

This dilemma was formalized by Schrédinger in 192th the fundamental equation named after
him in which every quantum mechanical system ndedkave a waveform (Bransden and
Joachain, 1990). This formulation established a hgwe of mechanics calledave mechanics
that differs from theNewton mechanicsVave mechanics calculates the accompanying wave
functions for individual quantum systems giving frobabilities of where quantum mechanical
species may be situated in space, as shown byiBdré26, whereas Newton mechanics gives
the exact positions.

We would not like to be misunderstood by the readisr suggesting that Newton mechanics is
more comprehensive than the quantum mechanicb@estuse the former is more deterministic.
The latter is a result of experimental facts that more explanatory and appropriate for us to
understand the microscopic world and macroscopiddaas a whole. Predictions of quantum
mechanics are also valid in the macroscopic woHowever they approximate Newton
mechanics in the macroscopic limit so that the &plplication of them becomes dispensable. A
detailed discussion on how quantum mechanical capbns construct macroscopic phenomena
in real world is given in the philosophical section

On the other hand, Heisenberg in 1925 highlightedthgortant reality in quantum physicshke
uncertainty principle(Fujikawa, 2012): Let us first state that thisisost unconventional aspect
of quantum physics at the microscopic scale thérdifrom classical physics at the macroscopic
scale. However we should not forget the fact that microscopic world form the elementary
components of the macroscopic environment. The anstiof species in physics can be
characterized by two basic parameters of a physigatt. The basic parameters are;

1 Position (where something is)

2 Velocity or more specifically ~momentum

(momentum=(mass) x (velocity))
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In classical theory, i.e., in the Newton mechamcgrom the macroscopic perspective, we can
measure these two quantities more or less precisetlgeory there is no doubt where something
is and what its momentum is. However in quantum haecs or from the microscopic
perspective this principle that we can measuregtha hundred percent ceases to apply. Let us
suppose a particle such as an electron has a momgntand a positionx. Position and
momentum couple, or correspondingly energy and.tithe basic quantities of a physical event,
must have uncertainties deka@nd deltgg) or corresponding uncertainties in energy and time
deltag) and delta(), respectively. If one can measure or calculageféihmer preisely one has to
give up any certainty as to the latter. In betwtme always exist possibilities of uncertainties i
both, even in a perfect experiment. Sizes of uaggres are not independent, they are related
by deltap) x deltak) > (h = Planck’s constant). So for instance if va® measurg exactly, the
uncertainty inp (deltafp)) must be infinite, in order to keep the produmbistant.

These uncertainties lead to many strange thingseXample in a quantum mechanical world, we
cannot predict where a particle will be with 100%rtainty. We can only speak in terms of
probabilities. We can say that an electron wilab@ne location with a 95% probability, but there
will be a 5% probability that it will be somewheetse. No one has definitively demonstrated a
correct interpretation on this uncertainty, so édsample it may be a fundamental way that the
universe works, or it may be an artifact of thet fdeat whenever we make a measurement we
must interfere with the system that is measuredatéirer it is, it is a fact that it happens. We
have to live with this reality. On the other hanlis is a real controversy that disproves a
positivistic, realist approach towards scientifttepomena and this behavior of the microscopic
world completely breaks down the deterministic viefvphilosophy in science—positivism.
Later in 1954, as Einstein stated, “it is diffictdt attach a precise meaning to the term scientific
truth” (Coll & Taylor 2001). A unique interpretatioof the uncertainty principle by Penrose
(2011) is also given in the references.

Although quantum physics involves some novel amy gephisticated theories and principles,
this has not caused a complete break with the pamst.instance, Newtomechanics still
concretely stands in the macroscopic world, anddy’'sinduction lawremains the basis of
producing electricity. Quantum mechanics is so camn@nsive that its principles can be reduced
to classical Newton mechanics under special conditions whegssatal phenomena can
satisfactorily be applied. This is in general adltee Bohr Correspondence Principdsee for
example Bransden and Joachain, 1990). For exarniptel-ermi-Dirac statisticsof modern
physics that is applied to the microscopic phenaneh fermionsis reduced to classical
Maxwell-Boltzmann statisticsyhich can quite happily be applied to the systemhéeclassical
regime,such as ardeal gas(see for example Kittel, 1969)

We can summarize the basic unconventional phenomegaantum physics that haven't been
noticed in classical physics, as follows:

a0 Quantum behavior of electromagnetic radiation lah
photons, Planck, 1900)

b0 Particle behavior of photons (photoelectric effé&etistein,
1905) and wave nature of electrons (de Broglie 31, 92sulting in wave-particle duality

cO The uncertainty principle (Heisenberg, 1925)
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do Accompanying wave functions for quantum mecharspaicies
(wave mechanics, Schrodinger, 1925) and the alesstptare of wave functions as
probabilities (Born, 1926).

Philosophical Aspects

Let us have a look at the definitions of ontologgjstemology and methodology which are the
main constituents of the philosophy of science @adadigms in order to understand why
philosophical approaches have to change while seiemadvancing or evolving. The question as
to what is the form or nature of reality or whattlnere that can be known is referred to as
ontology(Coll & Taylor, 2001).Epistemologyis simply the philosophy of knowledge or of how
we come to know (Hofer and Pintrich 2004, and TnocB000). Methodologyis a set of tools
involving methods and techniques that enable g®tanformation in a more practical manner. In
general a particular scientific research has tmlwes these three important issues, which are
continuously affected by scientific innovations. thi@dological approaches of a particular topic
is very much dependent upon the views regardinglogical and epistemological questions. For
example, according to Coll and Taylor (2001), “thosubscribing to realist ontology and
objectivist epistemology rely on inquiry that is peximental and manipulative, in which
guestions and hypotheses are stated and are edilbgtempirical testing. In this approach
careful control of experimental conditions is neegg to prevent outcomes being subject to
extraneous influences.” This is more likely to b@asitivistic approach, proposing that what
science deals with is that which can be directlgesbed and measured. This is in a sense a true
approach if everything was directly observable amehsurable as in the classical physicists’
worldview.

Now, let me return to quantum mechanics and attémpliscuss what are the new aspects that
differ from classical ones (for further reading sé®o Murdoch, 1989). As far as the ontological
aspects are concerned in quantum physics, we castadilish the form of a species whether they
best treated as waves or as particles prior torarpat. Only upon experiment does the issue
become meaningful. | propose that this realityuamfum physics invokes thelativist ontology
whilst classical physics is based on thalist ontology Einstein’s relativity theoralso supports
this assumption for modern science. This exempglifiee required transition from a positivistic to
post-positivistic worldview. According to the pasistic view, the experimental parameters are
fully defined a priori. However, as in the Heisergpbancertainty principle, quantum mechanics
has produced evidence contradicting the realisilogy of positivism.

One might speculate that the predictions of quarpbgsics are only valid for ontological issues
in the microscopic world of atoms, molecules arehantary particles, and that the outcomes of
these predictions cannot be applied to the macpisszale. However this is not correct (Vedral,
2011).

Let us now explain this important matter with a fewamples. These examples are stunning
examples of how the microscopic quantum world dariss the macroscopic. First of all let us
start with one of the most incredible birds, robihhas been determined by Wiltschkos (1972)
that robins, when they migrate to warmer Meditegean coasts, escaping from the harsh winter
conditions of Scandinavia, seem to be able to tletee hundredth of the very small fluctuations
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in the orientations of the Earth’s magnetic field @ process calledqiantum entanglemént
(Gauger et. al., 2011). The birds somehow buildraaf biological compass, “the quantum sixth
sense” using one of the strangest features of goamhechanic. Einstein called such effects
'spooky'. This extraordinary phenomenon was fignied out with a thought experiment of
Einstein and his colleagues Podolsky and RoserD8b las a paradox calledEPR parado¥
however it was eventually proved to be a realitye@@man and Clauser, 1972 and Blaylock,
2010). It describes how two separate and isolateticies have instantaneous connections via a
weird quantum link. In the case of robins, the egilanation is that the spin entanglement of
electrons occurs within a protein in the bird’s ®ykie to the Earth’s magnetic field, and that
makes the entangled electron pairs highly sensitivany direction variations of the Earth’'s
magnetic field, allowing the bird to “sense” in whidirection it should migrate. The amazing
discovery eventually led to the development of ‘fijuan biology”.

Another important implication of a different quamtyphenomena is thegtiantum tunneling(a
kind of quantum teleportation) of enzymes (Carld20inside living cells, accelerating the
chemical processes so that it would otherwise &kenuch time that life wouldn't have been
possible without this quantum process.

On the other hand, one of the most tangible apmhica of quantum physics iguantum
computingthat makes direct use of quantum mechanical phenapsuch as superposition and
entanglement, to perform fast and efficient acqoisiand processing of data (Gershenfeld and
Chuang, 1998).

As seen from these examples taken from real lifaylre all quantum behavior are not only
applied in the microscopic world but also in biggbjects such as birds’ eyes and living cells,
surprising scientists who believed that the quantaws were only valid at microscopic scale.

Let us now extend the philosophical discussion iflew arguments on fundamental aspects of
guantum mechanics between Einstein and other welvk founders of quantum philosophy
such as Heisenberg, Bohr and Dirac. Basically hiisey noted that there is an unusual relation
between the precision of two basic quantities ofspts; position and momentum. If we measure
the position precisely to a certain accuracy, we at measure the momentum to a certain
accuracy and vice versa. The basic differentiatbetween the two philosophical views that
Einstein and others believed is that whether thisettainty is a natural way that the universe
works or whether instead it is an artifact thateggp when measuring these quantities (Penrose
2011). Einstein who said “God does not play dicéhwhe universe” never believed that the
uncertainty is natural (see also Natarajan, 208).is not natural we can explain it with the
following argument: Observation of a microscopicjeab is limited by the wavelength of
observing light. Reducing the wavelength of theidant light increases the precision of the
position but also increase the light energy andefloee reduces the precision of velocity,
resulting in more uncertainty in momentum.

However, Heisenberg postulated the uncertaintycpgral to be a fundamental law of the universe
and the lowest product of uncertainties in positma momentum is in the order of the Planck
constant which is a universal constant coming frma very early creation of universe;
supposedly the Big Bang. The conflict between [Einstand Heisenberg was finalized by
Copenhagen interpretation of Bohr's Institute, plading that we have to recognize this
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uncertainty without looking at it as natural or agificial (Murdoch, 1989). It was further
developed by Dirac who said; “Shut up and calctilatellowing his great quantum mechanical
formalism and Feynman®uantum Field Theorall based on the famous uncertainty principle.

| personally believe that this is an uncertaintyegi to human beings by God. |, in a way, agree
with Einstein that “nothing is uncertain for Godutbl also agree with Heisenberg that
“everything is uncertain for us”.

Following the discussion above, as far as the epistogical and methodological aspects are
concerned, we cannot perform ideal experimentsiabésh ideal theories that uncover the truth
contrarily to the objectivist classical view of [#igs. However we can perform experiments and
establish theories that may approach the truttceSapproaching is an infinite process, we cannot
know how close we have reached the truth at anytiore This is a true assumption from just a
post-positivistic perspective, while positivistdibee that the measured or observed values by an
appropriate method are a totally definite and airveay to reach the truth (Nevvajai, 2000). In
contrast to quantum physics, classical physicistddcjudge and come to conclusions with their
measured or observed values in a positivistic vimgcause all the parameters of physical
phenomena are correctly measurable and observaldeever this is not true from the
perspective of quantum physics. What positivistelassical physicists did not criticize or ask
themselves is;What is measurable and observable and to what &Xtékxs a matter of fact, the
answer to this question should hethinga hundred percent. The discussions on the phitgsop
of quantum physics and post-positivism must bet fouilthis particular point in epistemology and
the methodology of modern sciences.

The first principle alternative tobjectivismcould be seen asibjectivismwhich states that there
is no external reality, but that the findings ofiaquiry are produced by the observer. However
this is controversial within the post-positivistuorldview, that proffergritical realisminstead of
subjectivism in epistemological and methodologisalies. A critical realist believes that there is
a reality independent of our thinking about whiaheace can study (Trochim 2000). While
positivism strongly insists on realism, post-passtin is rather chary, supporting the philosophy
of critical realism

Post-positivists think that all observations coutdve a possibility of misinterpretation,
misunderstanding and error, and that all theory lsanimproved. As Trochim (2000) stated,
“where the positivist believed that the goal okese was to uncover the truth, the post-positivist
critical realist believes that the goal of sciersé hold steadfastly to the goal of getting ghti
about reality, even though we can never achieve dbal.” Therefore objectivity in
post-positivism is the right approach from a bragusrspective including a more comprehensive
spectrum of most scientific views, although posstiv believes that the objectivity of the
individual scientist extracts true information aboeality, no matter what their paradigms are.
Post-positivism indicates the fact that no indidboan see the world perfectly as it really is. The
philosophy of quantum physics is based on manynpaters with uncertainties and probabilities
and that also supports an objectivity of this kindthe epistemological and methodological
approaches. Perhaps unfortunately or fortunatbby,universe does not look like what we see
with our eyes.

The leading physicists of the early twentieth ceptwhether they were post-positivists or not,
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led to great changes in our views about the unéyersd their ideas and views undoubtedly made
us reconsider the philosophy of science and théodstof education. Today reflection on these
views of science, technology and education contislyo advance our knowledge. Both in
modern physics and post-positivism, extending thguagy may lead to questions, and answers,
answers that could result in new types of physia$ @ new philosophy of science. The future
may be formed with these new ideas as it has besseiptly done by the implications of quantum
mechanics.

Educational Aspects

We discussed the supporting views of quantum phy&ic post-positivism as a philosophy of
science. In this section let us raise a questioto &&/hat are the educational aspects that post-
positivism foresee$?

Noe (2001) summarizes the transition from positivio post-positivism as follows’ The
positivistic method stemmed from the spirit of expental philosophy which promoted the
scientific revolution. It was this period that tbkassical positivismemerged and social sciences
began to introduce the positivistic method. In tiventieth century, th&fienna Circletried to
realize the methodological unification between ratisciences and social sciences under the
slogan of unified science. But their radical redwdsm which aimed to assimilate social
sciences with natural sciences, trying to introdtlee unified language of physics, suffered a
setback as a result. After that the trend of paositvism made an important alteration to
understanding the positivistic method by proposmeyv theses on the theory-lead nature of
observations, the impossibility of crucial experimtseand so on. According to them, the relation
between natural sciences and social sciences neustédonsidered not as a hierarchy, but as
pluralistic co-existence.

This suggests not a separation of the two kindsce#nces (social and natural sciences) but the
need to bring closer both sciences in some corpects. For example, when the modern
universities in Turkey were first established i tyears 1930-1960, positivistic views were so
dominant that the social and natural science auleribad totally different kinds of infrastructure.
Today the need for exchange of information has lbeeognized in higher education. As a result,
more and more interdisciplinary programs are deyadoin individual departments. Nowadays,
for instance, physics graduates can find more jplpgojects relating to different fields, not just
in their own fields.

As James et al (1997) suggested, “The traditiomaindaries of the separate sciences do not
accord with contemporary experience; and wider ipulmhderstanding and interest in science is
most likely to be developed through an integratpgr@ach.” This kind ofglobalization in
science requirefelong andcontinuously constructing learnirig most aspects of sciences (van
der Molen, 2001). As a result of post-positivisiew thinking, Said (1996) points out the
importance of achievinglobal understandingnd explains the process of approaching the truth
as follows; “we sift from the truth of reason t@ttruth of images, from the truth of images to the
truth of intuition, from the truth of intuition tthe truth of feeling and from the truth of feelitm

the truth of pattern. We shift from truth to trutBach one of us possesses a little piece of truth.
Total knowing requires an in-gathering of piecesroth.”

Most post-positivists are alsmnstructivistan pedagogical terms, because in a post-positvist
view of the world the truth is an external realitbyt we try to approach and therefore learning



369 about a certain issue ca@ver be complete,but ratherconstructsour experiences. Accepting
370 constructivist beliefs about the nature of trutld &mowledge loads us as university professors
371 with a completely different mission in the teachmgthodologies of science, in comparison to
372 conventional positivistic approaches in educatiwhich proposes that scientific knowledge can
373 entirely be transmitted to the learner. Under amasitvism, the teacher holds a totally different
374 role; that of a facilitator rather than transmittérknowledge (Coll and Taylor, 2001), involving
375 students in an active way in the learning proc&sachers’ attitudes of this kind in university
376 education would trace a kind of idea in studentsidrthat the knowledge they receive is not a
377 concrete block of information that cannot be changeconstructed but, nevertheless, it can be
378 modified, added to and even completely changedreftie such higher education will produce
379 individuals who can set up their own paradigmsermis of epistemology and methodology, and
380 whose views are critical realism as followed by lgeeding scientists of modern physics.

381

382 Conclusions

383 Why the transition in the philosophy of sciencenirpositivistic to post-positivistic is necessary
384 has been discussed from a novel perspective comgidéhe basic principles of quantum
385 physics. Consideration of the realities of ling@tations of observation and evaluation in modern
386 sciences leads us to question the meanings of tolijgctruth and therefore our present
387 knowledge base, resulting in a re-alignment of lmgfical, epistemological and methodological
388 approaches to the philosophy of research. Sincegasstivism leads to a relativist and critical
389 realist approach towards the principal issues (ogse epistemology and methodology) of the
390 philosophy of science, | propose that the right wagpproach the truth and build knowledge is
391 to have an overall perspective of post-positividmat tparallels the advancement of modern
392 physics. My opinion is that this new approach wdda good framework for higher education,
393 proposinginterdisciplinary, constructivandactivelearninginstead of draditional prescrpitive
394 approach.
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