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The Role of Lev Shubnikov in the Development  
of Low-Temperature Physics and Technology in Ukraine

This article explores the scientific research carried out and organised by Lev 
Vasilevich Shubnikov in the field of low-temperature physics in Ukraine in the 
1930s. The article discusses the founding of the scientific school of cryogenics 
under his lead and the repressions of the Soviet government against the scientific 
elite of Ukraine.

Shubnikov was a distinguished experimental physicist, Doctor of Physics and 
Mathematics. In 1926, he graduated from the Leningrad Polytechnic Institute. In 
1926–1930, he worked at the Leiden Low Temperature Laboratory in Netherlands. 
In 1931–1937, Shubnikov was the director of the Cryogenic Laboratory at the 
Ukrainian Physical-Technical Institute in Kharkov, and in 1934–1937 he was 
professor at the Kharkov University and head of the Department of Solid State 
Physics, part of the Faculty of Physics and Mathematics. In 1937, Shubnikov 
was arrested and sentenced to death by firing squad. 

The year 2018 marked the passing of 105 years since the Nobel Prize in Physics 
was awarded to Kamerlingh Onnes for the study of the properties of matter at 
low temperatures, which led to the production of liquid helium. In 1908, at the 
Leiden laboratory, the Dutch scientist Kamerlingh Onnes managed, for the first 
time in history, to obtain liquid helium, which is the most difficult substance to 
liquify. In 1911, he started to study the physical properties of superpurity metals 
at low temperatures (Dahl, 1984).

Development in the field of low-temperature physics was relatively slow until 
the beginning of the 1940s. Researchers distinguish between two phases: the 
first period lasted until the 1930s, when the field of low-temperature physic 
was poorly studied and there was only one laboratory of low temperatures—the 
Leiden laboratory. While possessing unique technical capabilities to conduct 
research close to absolute zero, scientists tried to determine the possible area of 
practical use of their experiments. 

At the beginning of the 1930s, a new phase started in the development of low-
temperature physics, lasting until the early 1940s. During this period, more 
than ten new laboratories were established worldwide, including the Ukrainian 
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laboratory, which was opened at the Kharkov Physical Technical Institute under 
the supervision of Lev Shubnikov, and others in the US, England, Germany, 
Canada, Switzerland, etc. (Karelin, 2009)

The development of low-temperature physics in Ukraine is related to the 
founding of the Ukrainian Physical-Technical Institute (UPTI) in Kharkov in 
1928 and its subsequent activities. The institute was organised on the initiative 
of Academician Abram Ioffe. The staff of the Leningrad Physical-Technical 
Institute (now the Ioffe Institute) were involved in the start of the future UPTI. 
Ivan Obreimov was appointed as the institute’s first director (KIPT, n.d.).

Research in the field of low-temperature spectroscopy of molecular crystals, 
which was started in the late 1920s by Academician Ivan Obreimov, showed the 
need to create a special cryogenic laboratory at the institute. At the beginning, 
the laboratory was used to carry out research only in crystal spectroscopy. 
However, the range of researches expanded rapidly (Lazarev, 2010). In 1930, 
after his internship in Leiden, Lev Shubnikov, a physicist with a wide range of 
interests, came to Kharkov.

Lev Shubnikov was born on 29 September 1901. In 1926, he graduated 
from the Leningrad Polytechnic Institute and became an engineer-physicist. 
After graduation from the institute, Shubnikov was sent to do internship in 
Netherlands and this became a very important period in Shubnikov’s scientific 
work (1926–1930) (Balabekian, 1966).

At the Leiden Cryogenic Laboratory named after Kamerlingh Onnes, Shubnikov 
was entrusted by Professor de Haas with the task to obtain perfect bismuth 
monocrystals to undertake exact research in electric conductivity at low 
temperatures and in external magnetic field. Until that time, research in this field 
had been attempted only with crystalline samples of bismuth from industrially 
manufactured large crystals. All these experiments yielded different results 
simply because the samples were damaged during the manufacturing process. 
Using artificial crystals as samples was expected to give good and precise results.

Cooperating with de Haas, Shubnikov was able to obtain crystals of bismuth, 
rare for their perfection and purity, by using a slightly changed and improved 
Kapitsa’s method of growing monocrystals of bismuth from the melt.

Their method allowed to grow crystals based on previously set geometry and 
with a set position of crystallographic axes (Shubnikov & de Haas, 1930). 
Having obtained perfect bismuth monocrystals by using their original method, 
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Shubnikov and de Haas started to study its electric properties in a magnetic 
field at low temperatures. This research led to the discovery of a new, previously 
unknown phenomenon of periodic changes in resistance of bismuth regarding 
a magnetic field, which came to be called the Shubnikov-de Haas effect (Brandt 
& Chudinov, 1982). 

The significance of each research is measured by its influence on the development 
of various fields of physics. From this perspective some could say that the 
scientific works of Shubnikov and de Haas in 1930, in the course of which the 
oscillating reliance of the resistance of bismuth based on a magnetic field and 
also the first quantum effect in solid state (the Shubnikov-de Haas effect) were 
discovered, could be fully appreciated only now. 

After becoming the scientific adviser of the Cryogenic Laboratory of UPTI in 
1931, Shubnikov started research in the field of low temperatures. Under his 
supervision, the instruction in the new cryogenic equipment was carried out, 
hydrogen and helium machines were installed, and the apparatus for liquefying 
helium with the Kapitsa method was built. He was also responsible for the 
formation and training of the new technical and cryogenic staff, which was the 
first professional personnel in the institute and the USSR.

Alongside fundamental research, applied researches related to the use of deep 
cooling in industry for the separation of air and coke oven gas, for the production 
of liquid methane, etc. were also held at the laboratory. In 1933, Shubnikov 
came up with an initiative to create a specialized technical laboratory, which was 
supposed to be a link between science and industry. In 1935, a structure called 
the Experimental Deep-Cooling Station (EDCS) was founded. The EDCS, along 
with the UPTI, made a great contribution to the development of engineering 
cryogenics.

In Kharkov, research of superconductivity has been extremely prolific for a 
long time. Outstanding successes in this field were associated with the works 
of L.  Shubnikov, B. Lazarev, N. Alekseevsky, V. Khotkevich, Y. Shepelev, 
Y. Ryabinin and other physicists (Slezov, Papirov & Shepelev, 2009).

Successes in the development of low-temperature physics and technology had 
proved its significance by 1937, so that in January that year, a field session of 
the USSR Academy of Sciences was held in Kharkov. The event went down in 
history as the First All-Union Conference on Cryogenics, and emphasized the 
authority of Lev Shubnikov, his students and staff in these areas.
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The results of their research on superconductivity were presented in a scientific 
article. In June 1936, an article by the staff of the Ukrainian Physical-Technical 
Institute, ‘Magnetic properties of superconducting metals and alloys’ by 
Shubnikov, Khotkevich, Shepelev, and Ryabinin was published in a special issue 
of the journal Physikalische Zeitschrift der Sowjetunion (Schubnikow et al., 1936). 
The article was received by the editors on 11 April 1936. Publication of this issue 
was timed to coincide with the VI International Congress on Cold (held in the 
Hague in 1936). 

The congress was organized by the International Institute of Refrigeration (IIR). 
IIR was created in 1908 during the First International Congress of Refrigeration, 
held in Paris, at the same time when the intergovernmental organisation called 
the International Association for Refrigeration was established (in 1920 it was 
renamed to IIR). The announced main goal of the new association was to be 
wide exchange of experience, scientific and technical achievements and other 
information in all fields of application of artificial cooling (Timofeev, 2011). 
However, for the students of Ukraine, participation in the activities of this 
organization was difficult due to the policy of the country’s leaders to limit 
communication between Ukrainian students and their colleagues abroad.

In that situation, international scientific and cultural ties played a positive role, 
the conditions for which, as the researchers note, were created by the Treaty of 
Rapallo, signed on 16 April 1922. The third article of this treaty stated a renewal 
of diplomatic relations between the RSFSR and Germany.

The provisions of the Treaty of Rapallo were extended to Ukraine on 
November 5, 1922. The traditional scholarly ties of Ukrainian scientists 
that had existed until 1917, received a new impetus with the introduction 
of the norms of the Treaty of Rapallo (Ukrainian SSR…, 1966).
This contributed to the fact that two foreigners—Martin and Barbara 
Ruhemann—were employed at the Shubnikov cryogenic laboratory. The 
Ruhemanns had British citizenship and were originally from Germany. Martin 
Ruhemann headed (since 1934) an experimental station for deep cooling. 
His wife—Barbara Ruhemann—worked as a physicist in the low-temperature 
laboratory. The curious fact is, that, according to the results of the work carried 
out at the UPTI in 1935, Martin Ruehmann was awarded as one of the best 
workers of socialist labor (Savchuk, 2007).

As a foreign citizen, Martin Ruhemann had the opportunity to take part in 
the Hague Congress and, since Shubnikov was not allowed to travel abroad, 
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Ruhemann distributed Shubnikov’s publication among the participants of the 
Congress of Refrigeration and gave a report on this work. Shubnikov greatly 
appreciated this work. The paper was sent to the press in 1936, not only to be 
published in the issue of Physikalische Zeitschrift der Sowjetunion (Schubnikow et 
al., 1936), but also in Zhurnal Eksperimentalnoi i Teoreticheskoi Fiziki (Journal 
of Experimental and Theoretical Physics, JETP) (Shubnikov et al., 1937). In the 
special edition of the Ukrainian Journal of Physics (2008, vol. 53), dedicated to 
the 90th anniversary of the NAS of Ukraine and to the contribution of Ukrainian 
scientists to the Golden Fund of the World Science, this article was reprinted in 
English (Shubnikov et al., 2008).

In 1935, the arrest of the theoretical physicist Moissey Koretz, who worked 
for Lev Landau, brought about the so-called Koretz case, in which Martin 
Ruhemann and Barbara Ruhemann were involved in the investigation process 
as foreign experts because, like Koretz, they were against the development 
of defence subjects at the UPTI. The case was closed, but the atmosphere of 
suspicion towards the scientists remained.

The Koretz case was one of the first in a series of repressions by the authorities 
against the UPTI officers. The UPTI case is a general term for repressions directed 
against the physicists of the Ukrainian Physical-Technical Institute (Kharkov) in 
1935–1937. A total of 11 members of the UPTI suffered from reprisals, five 
of them were shot: L. Shubnikov, L. Rozenkevich, V. Gorsky, V. Fomin and 
K. Weisselberg, two foreigners (members of the Communist Party of Germany) 
were issued by the Gestapo: F. Houtermans and A. Weissberg. As a result of the 
activities of the NKVD, the Nobel-level experimental physicist Shubnikov was 
destroyed, the UPTI ceased to exist as a center of theoretical and experimental 
physics on the European level, and Friedrich Houtermans was sent to Nazi 
Germany and was involved in the development of nuclear weapons. Alexander 
Weissberg, who was sent to Gestapo, was in German concentration camps and 
prisons in 1940–1945, but survived (Pavlenko, Ranyuk & Khramov, 1998). 
In April 1957, Lev Shubnikov was posthumously rehabilitated by the Military 
Collegium of the Supreme Court.

After the death of Shubnikov in 1937, the traditions of his low-temperature 
school were continued in the activities of the laboratory, which since 1938 was 
headed by Boris Lazarev. Stalin’s repressions destroyed a number of the best 
representatives of Ukrainian science, culture, and social thought. One of the worst 
things to think about in this regard is the tragedy of the untapped potential—the 
discoveries that were never made, the books that were never written. We can 
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only speculate what could have been the contribution of one of the most gifted 
Ukrainian physicists, Lev Shubnikov, to the development of physics and all of 
humanity. After all, he was shot at the age of 36.

The scientific research of Lev Shubnikov was devoted to solid state physics and 
low-temperature physics. He developed a method for growing single crystals 
from the melt (the Obreimov-Shubnikov method). Together with de Haas, 
he discovered (in 1930) oscillations of the electrical resistance of bismuth in 
a magnetic field at the temperature of liquid helium (the Shubnikov-de Haas 
effect).

Lev Shubnikov was a pioneer of Ukrainian low-temperature physics. In 
Kharkov, he successfully mastered the cryogenic technique, installed helium and 
hydrogen liquefiers, and laid the foundation for extensive research in the field 
of superconductivity, low-temperature magnetism, and the physics of cryogenic 
liquids. In 1931, he obtained liquid hydrogen, in 1932—liquid helium; he also 
carried out the first researches in the country to study the physical properties of 
liquefied gases, in particular, he measured the viscosity of liquid nitrogen, oxygen, 
carbon monoxide, argon, methane, ethylene (in 1934). In 1934, together with 
Y. Ryabinin (almost simultaneously with V. Meissner and R. Ochsenfeld) he 
directly showed that in the superconducting state the magnetic induction of 
metal is zero. He established (in 1934–1937) the main features of the behavior 
of homogeneous superconducting alloys in a magnetic field, discovered the 
existence of two critical magnetic fields and the so-called Shubnikov phase (in 
fact, experimentally discovered superconductors of type II) (Slezov, Papirov & 
Shepelev, 2008). In 1936, he received the first proof of Silsbee’s conjecture on 
the nature of the destruction of superconductivity by electric current. He was 
the first to observe antiferromagnetism (in 1935). In 1936, in cooperation with 
Lazarev, he measured the nuclear magnetic moment of solid hydrogen.

He was the founder of the Ukrainian scientific school of cryogenics. A huge 
number of Ukrainian scientists, known for outstanding world-class results, 
came out of this school: B. Lazarev, N. Alekseevsky, L. Vereshchagin, B. Verkin, 
A. Galkin, B. Eselson, S. Zlunitsyn, A. Kikoin, N. Nakhimovich, N. Rudenko, 
A. Sudovtsov, O. Trapeznikova, M. Fyodorova, V. Hotkevich, and G. Shepelev.

The Shubnikov program of research in the field of low-temperature physics 
covered a wide range of problems, anticipating the development of this field of 
science for many years. It is enough to note three outstanding scientific results 
of Lev Shubnikov which are rated worthy of the Nobel Prize:
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•	 Discovery	 of	 the	 first	 quantum	 oscillation	 effect	 in	 metals,	 called	 the	
Shubnikov-de Haas effect;

•	 Discovery	of	second-type	superconductors	and	Shubnikov	phases;
•	 Detection	of	a	mixed	and	intermediate	state	of	type	I	superconductors.
Taking into account the significance of the works of Lev Shubnikov, in 
2001, the Presidium of the National Academy of Sciences of Ukraine 
adopted the Decree on the Establishment of the Lev Shubnikov Prize for 
outstanding work in the field of experimental physics (NAS Ukraine, 2001). 
The world’s scientific community highly recognised Shubnikov’s contribution to 
the development of low-temperature physics. According to a report by Ted G. 
Berlincourt at the Symposium dedicated to the 75th anniversary of the discovery 
of superconductivity (held in USA in 1986): “Shubnikov and his co-authors 
made a decisive experiment and correctly interpreted it” (Berlincourt, 1987). 
In the US, the title “Shubnikovskiy Professor” was established and this title was 
given to the Director of the Center for Applied Superconductivity, Professor 
David Larbalestier from the University of Wisconsin, Madison.

Liubov Sukhoterina
Odessa National Polytechnic University 
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BOOk ReVIewS

what is Pragmatism in the Postnarrativist Philosophy  
of Historiography?
 
kuukkanen, Jouni-Matti (2015), Postnarrativist Philosophy of 
Historiography, Basingstoke: Palgrave Macmillan, 239pp, 
ISBN 978-1-137-40986-7. 

In his book Postnarrativist Philosophy of Historiography (2015),1 Jouni-Matti 
Kuukkanen has presented his critical thesis of postnarrativism, involving theories 
of philosophers of science, e.g. Thomas Kuhn’s epistemic values and Karl Popper’s 
falsificationism for historiographical rationale and objectivity (pp. 127, 169). In 
this review, shortly explaining (post-)narrativism, I will scrutinise a pragmatist 
extent of his thesis.

First of all, what is narrativism? It may be articulated, in my understanding, 
that meaning is not in the sentences, but in between, or between the lines; it is 
neither sentence nor statement but the story behind a claim makes the ‘truth’. 
Something being narrated and interwoven into the text, or the narrative, ends 
up with some verifiable account as historiography. Certainly, Kuukkanen’s thesis 
goes beyond the current scholarship of narrativism in philosophy of history or 
historiography. But it is neither anti-narrativism, nor a-narrativism, nor pre-
narrativism.

In particular, Kuukkanen contends against three central tenets of narrativism 
or the narrativist philosophy: constructivism, holism, and representationalism 
(pp. 13, 97). He disagrees with holism that historiography should play a role 
in constructing and unifying expressions or texts of history as undecomposable 
wholes, and with representationalism that such wholes should be characterised 
as corresponding representation (or isomorphic resemblance) between the past 
and narrative (mode of presentation). On the other hand, he does not disagree 
1 Based on this book, Kuukkanen successfully conducted a four-day workshop ‘Why History 

Matters: The Rational Grounding of Historiography’, at the University of Tartu, Estonia (19–
22 March 2018). The videos are available at https://www.uttv.ee/naita?id=26904. My review is 
primarily concerned with the book alone.
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with constructivism that historiography is a practice of colligation, or forming 
colligatory knowledge, which gathers and consolidates first-order information 
under the unified expressions. But rather, he cashes out the meaning or inferential 
practical knowledge of colligatory concepts, and critically analyses its reasons 
and problems in the light of postnarrativism. 

Within the criticism of narrativism, Kuukkanen proceeds further against two broad 
categories (pp. 2–4, 173). On the one hand, he disagrees with objectivism in the 
sense that narratives about the past cannot be given objectively by the past ‘facts’. 
Due to the constructivist colligation, where one can be originally expressive of one’s 
interpretation (e.g., the renaissance and the thaw), historiography as the higher-
order practice is to be subject-sided and detached from any objective reality of raw 
facts. I see here his epistemological anti-realism in historiography, as opposed to 
nineteenth-century non-subjective (or self-extinguishing), realist approach of von 
Ranke––wie es eigentlich gewesen (how it really was) (p. 51). On the other hand, 
Kuukkanen also goes against relativism, to the effect that historiography takes a 
form of rational practice that can justify one’s subject-sided colligation. Whilst 
relativism may express a relation, a relativist cannot justify or entitle one particular 
truth, reason, knowledge, or evaluation, for all interpretations are relatively true 
(with the logical fallacy of reductio ad absurdum). In the framework of epistemology 
and philosophy of science, therefore, he denies a postmodernist reasoning that 
historical accounts are necessarily relativistic or arbitrary, but argues for nominalist 
narratives (as colligations are nominal propositions without requiring natural 
essential properties) (pp. 109–14). Developing in this way, finally, he connects 
his postnarrativism with semantic inferentialism, particularly that of Robert 
Brandom in line with his logical expressivism and pragmatics (the use of linguistic 
expressions) (Brandom, 1994; 2000).2

To a large extent, as Kuukkanen himself admits, he follows Brandom’s rationalist 
pragmatism (Brandom, 2000, pp. 2, 20). Brandom argues that expressivism 
about logic relies on an inferential-propositional model of awareness (in the sense 
of sapience, not sentience) at a higher level. Possibly implying Aristotelianism, 
humans are deemed to be sapience as uniquely rational beings, but not sentience 
as merely ‘being awake’. For the sapient, rational activity, what Brandom cares 
about is the concept and use of meaning. According to him and his precursors 
(Frege, Dummett, and Sellars), implicit commitments of propositional attitudes 
should become explicit or expressive by logically inferring the meaning or 
conceptual content (i.e. semantic inferentialism). In other words, inferentialism 
2 It should be noted that Brandom’s pragmatism starts with German idealism of Kant and Hegel.
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is the ‘meaning-as-use’ view of semantics, as inferences and the rules of 
inference construct the meaning of expressions. Here the awareness, sapience, 
or consciousness would posit a meaning in use for saying and thinking of the 
value or truth, by singling out discursive practice from a motley collection of 
skilful doing behind (i.e. pragmatics). Hence, what Brandom primarily means 
by pragmatism is a species of functionalism on the basis of linguistic pragmatics.

On this inferentialism of semantics and pragmatics, Brandom and Kuukkanen 
trace back their sources, specifically, linguistic pragmatism of Wilfrid Sellars. It is 
his principle that Brandom agrees with, that is, grasping a concept is mastering the 
use of a word (Brandom, 2000, p. 6). Brandom here, in fact, relates this Sellarsian 
principle to the earlier American pragmatists, such as William James and John 
Dewey, for they are also considered to understand conceptual content from the 
practice of using concepts.3 In line with them, Kuukkanen quotes Sellars (1997, 
§36) to explain the conceptual and pragmatist approach to narratives, as follows:4

The essential point is that in characterizing an episode or a state as that of 
knowing, we are not giving an empirical description of that episode or state; 
we are placing it in the logical space of reasons, of justifying and being able to 
justify what one says. (p. 144; Kuukkanen’s and my emphases)

This indicates, roughly put, the pragmatic underpinning of semantics, or 
rationalising the meaning as use. Hence, in view of historiography, one can 
understand that narratives include empirical or sense experiences, because 
narratives or what are articulated are to be justified within the logical space of 
reasons. In this sense, inference is a rational activity, as Brandom underpins the 
notion of reason in inferentialism:

Reason is nothing to the beasts of the field. We are the ones on whom reasons 
are binding. … Being rational is just being in the space of giving and asking 
for reasons, and being a rational agent is being in the space of giving and 
asking for reasons for what one does. (Brandom, 1994, pp. 5, 253)

Aligning his argument with this rationalism in Brandom’s inferentialism, 
Kuukkanen proceeds to his pragmatist conclusion for historiography as a 
linguistic, inferential, and rational practice.
3 See, for example, Dewey’s argument: ‘The scientific revolution came about when the material 

of direct and uncontrolled experience was taken as problematic; as supplying material to be 
transformed by reflective operations into known objects’ (Dewey, 2008, p. 206).

4 See also, on the developed Sellarsian view of ‘assertion as a doing’ integrating Austin’s speech act 
theory and Wittgenstein’s (vocal, not verbal) Sprachspiel (Brandom, 1994, p. 172).
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What I would now question is to what extent Kuukkanen traces back his pragmatist 
postnarrativism beyond the scope of Brandom’s and Sellars’ pragmatism (or 
pragmatics). For I suspect that some views of the earlier and other pragmatists 
are not appropriately integrated into Kuukkanen’s explanation. Specifically, in 
my view, he does not sufficiently consider in his book the founding father of 
nineteenth-century American pragmatism, C.S. Peirce’s theories of (1) truth and 
(2) signs.

In terms of truth, firstly, Kuukkanen prima facie assimilates Peirce’s fallibilist 
pragmatism of a two-reality theory, which coalesces the nominalist or conventional 
reality and the realist/pragmatist or absolute reality (pp. 140–41; Misak, 1991, 
pp. 130–133).5 Put simply, sciences (particularly, evolutionary cosmology; Kasak 
& Veede, 2016, p. 82) progress unbeknownst to humans or rational beings, so that 
with present knowledge one could not infallibly infer any definite belief, value, or 
truth. Kuukkanen accepts historical nominalism of colligatory concepts at a higher 
level, but he does not actually mean Peirce’s independence condition of truth at 
the absolute level (p. 113). Indeed, Peirce’s pragmatism, as H.S. Thayer explains, 
has been regarded as a “theory of meaning” (that I think foreshadows the later 
inferentialism), or as a maxim, rule, and method for ascertaining the meaning 
of certain kinds of signs, not “all signs” (Thayer, 1981, p. 87).6 As Peirce states, 
his pragmatism is “merely to lay down a method of determining the meanings 
of intellectual concepts, that is, of those upon which reasonings may turn”.7 
However, the progressive, absolute meaning of truth in Peirce becomes useless if 
it cannot correspond to the use of language. The rational grounding in semantic 
inferentialism might be then undermined. Whilst Kuukkanen touches on various 
pragmatist positions (not only Peirce, Sellars, Brandom, also Dewey, Davidson, and 
Rorty), I think that his postnarrativism could have been in more depth reinforced 
with pragmatism by critically examining Peirce’s semantics on the fallibilist truth.

In terms of signs, secondly and more seriously, the Peircean semiotics would be 
repugnant to Kuukkanen’s rationalist historiography. For Peirce, it is possible 
5 Misak points out that Peirce’s two-reality theory is first influenced by Bishop George Berkeley, 

whom Peirce regards as the father of the method of pragmatism. See Peirce’s argument in 
the 1871 review of Fraser’s edition of The Works of George Berkeley: realism and nominalism 
are ‘two views of the real––one as the fountain of the current of human thought, the other 
as the unmoving form to which it is flowing’ (CE 2, 471). That is, realism or pragmatism 
‘emphasizes the permanency and fixity of reality’, whilst nominalism ‘emphasizes its externality’ 
(‘On Reality’, 1872; CE 3, 29).

6 Peirce argues that ‘the meaning of a sign is the sign it has to be translated into’ (‘The Logic of 
Quantity’, 1893; CP 4.132); ‘When one reasons, … all thought whatever is a sign’ (‘What 
Pragmatism is’, 1905; CP 5.421). 

7 Peirce, ‘The Architectonic Construction of Pragmatism’, 1905 (CP 5.8).


