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Editorial introduction

Hermeneutics: A Broadening Scope of Inquiry

Guolin Wu and Dong Luo ()
South China University of Technology, 381 Wushan Rd, Tianhe District, Guangzhou, China

luodong@scut.edu.cn

Abstract

The field of hermeneutics has demonstrably co-evolved with the development of texts themselves, shaped
by the advancements in science, technology, and various forms of inquiry that characterize our societies.
Initially focused on interpreting specific classical texts, it has broadened its scope to encompass a wider
range of textual analysis. The shift extends beyond literature, now also incorporating the concept of Dasein
in philosophical inquiry. Furthermore, the field has moved from specializing in esoteric or religious texts
to a focus on the vast realm of humanistic texts. This expansion continues to embrace scientific and
technological discourse, including even the complexities of quantum mechanics. The understanding of
these diverse areas — humanities, natural sciences, and technology — is fundamental. After all, both
scientific discoveries and technological advancements rely on our ability to comprehend the world around
us. This special issue delves into the exploration of science and technology through the multifaceted lens
of hermeneutics. It features nine contributions exploring a wide range of topics. These contributions begin
with fundamental inquiries into human interaction and communication with things, transitioning to
examinations of general scientific hermeneutics and hermeneutics of more specific scientific subjects.
These include the interpretation of quantum mechanics and the birth of molecular biology. The
contributions then move on toward practical hermeneutics, discussing ancient Chinese technological
thought, the current use of artificial intelligence in scientific research, and Technofutures.

Keywords: Hermeneutics; Science; Technology; Quantum; Al
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PGI[aKTopCKaH 3aMCTKa

I'epmeneBTHKA: paciuupsomascs cepa uccjie 10BaHuN
['yonuns By u losr Jlyo ()

HOxHO-KkuTalicKUit TeXHONOTHYECKUi yHUBepcuTeT, 381 Byman Poyx, paiton Taupx3, I'yanwkoy, Kurait
ssglwu@scut.edu.cn

AHHOTAIIUSA

O0nacTh TepMEHEBTHKH SIBHO Pa3BUBAIACh MApaJUICIBHO C Pa3BUTHEM CaMHX TEKCTOB, (POPMHPYSCH ITOX
BIIMSTHUEM JOCTM)KEHMH HAayKH, TEXHUKH M pa3lIMuHbIX (OpM HCCieoBaHUil, KOTOpbIE XapaKTepU3yoT
Hamy obmecTBa. [lepBoHauanbHO OPUEHTHPOBAHHBIA Ha MHTEPIPETALMI0 KOHKPETHBIX KJIACCHYECKUX
TEKCTOB, OHa pacuiupuia cdepy AesTeNbHOCTH U BKIIOYWIA B ce0sl OoJiee IUPOKHUN CHEKTP TEKCTOBOTO
aHanuza. CABUT BBIBOAUT 32 PaMKH JIUTEPATyphl: Tellephb BKJIIoYas KoHuenuuio Jlazaiina B ¢punocodckux
uccinenoBaHuax. bomee Toro, sTa 00MacTh mepenuia OT CHEHMUANN3AIMM HA 330TEPUUYECKUX HIH
PENHUIHO3HBIX TEKCTaX K COCPEJOTOYEHHIO BHUMAaHUs Ha OOIIMPHON cdepe r'yMaHUCTUUECKHX TEKCTOB.
OTO pacIIMpeHne NpOAODKACT OXBAThIBATh HAYYHBIH M TEXHOJOTMUECKMH AUCKYpPC, BKJIIOYAs Aaxe
CJIOKHOCTH KBAaHTOBOW MeXaHWKH. [loHMMaHWe 3TuX pa3HOOOpa3HBIX oONacTeil — TyMaHHWTAPHBIX,
€CTECTBEHHBIX HAayK U TEXHOJOTHH — MMeeT ()yHAaMEeHTaJIbHOE 3HaYeHHE. B KOHIIE KOHIIOB, KaK HAayJHbIC
OTKPBITHS, TaK ¥ TEXHOJIOTUYECKHE JOCT)KEHHS 3aBUCST OT HalIel CIIOCOOHOCTH MO3HABAaTh MHUP BOKPYT
Hac. /laHHBII HOMeD )KypHaJa MOCBSIIECH UCCIEI0BAHNIO HAYKH U TEXHUKH Y€pe3 MHOTOTPAaHHYIO MIPU3MY
TepMEHEBTUKU. B HeM IpeacTaBieHbl JEBATh CTAaTEH, MOCBAIICHHBIX IIUPOKOMY KPYyTy TeM, HadHMHas ¢
(hyHIaMEHTAJIBHBIX HCCIIEOBAHUI YEIOBEUECKOTO B3aMMOJEHCTBHSA U OOIIEHHS C BEIIaMH, Iepexols K
HCCIIETIOBaHUAM OOIIEHAYYHOH TepMEHEBTUKU U T€PMEHEBTHKH 00Jiee KOHKPETHBIX Hay4HBIX obmacTteil. K
HUM OTHOCSITCSI HHTEPIIPETaIisl KBAHTOBOM MEXaHHWKH M POKACHUE MOJIEKYJIsIpHOH Onosoruu. Temaruka
3aTeM MEePeXOAUT B MPAKTUYECKYI0 F'€pPMEHEBTUKY, 00CYKIast IPEBHIOID KUTAWCKYIO TEXHOJOTMYECKYIO
MBICJIb, COBPEMEHHOE HCIIONb30BaHNE HMCKYCCTBEHHOTO HMHTENJIEKTa B HAYYHBIX MCCIIEOBAaHUSIX H
TeXHOOyIyIIee.

KuarwueBsbie cioBa: ['epmeneBtuka; Hayka; Texnonorumm; KBaHT; MCKyCCTBEHHBIM
uaTeniekT; MU

Jns uuruposanusi: Wu, G. L, Luo, D. Hermeneutics: A Broadening Scope of Inquiry // Technology and
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Hermeneutics has evolved significantly from ancient exegesis to modern
hermeneutics. It has progressed from the study of specific classical texts to broader textual
analysis, encompassing not only literature but also human existence (Dasein), nature, and
even extending to scientific and technological domains, including quantum texts. This
evolution does not entail the abandonment of earlier methods but rather their expansion
and coexistence with newer approaches. Initially, researchers like Dilthey envisioned
hermeneutics as fundamental to the humanities, distinguishing between understanding
and explanation, with understanding focusing on grasping the human psyche. However,
in the 20th century, thinkers like Karl Popper and Thomas Kuhn underscored the
relevance of hermeneutics in the natural sciences, recognizing that both fields require
understanding (Kuhn, 2000, p. 222; Popper, 1979, p. 185). Scholars like Patrick Heelan
employed hermeneutics to investigate the early history of quantum mechanics,
introducing the concepts of weak and strong hermeneutics (Heelan, 1994, pp. 363-373).
Weak hermeneutics directs attention towards textual material, while strong hermeneutics
focuses on lived experience or practical application. Don Ihde further analyzed the
interplay between technology and the world through a hermeneutical lens in Technics and
Praxis (Ihde, 1979, pp. 4-6), and he puts forward “material hermenecutics” for the
understanding of natural substances (lhde, 2009, p. 63). In contemporary discourse,
concepts such as pre-understanding, the hermeneutic cycle of understanding, and the
fusion of horizons are important to both humanities and natural sciences. Understanding
is essential not just for scientific discovery and technological innovation, but also for the
broader interpretation of science and technology themselves, revealing inherent
hermeneutic aspects within these fields. In brief, the intertwined nature of understanding
in humanities, natural sciences, and technology necessitates a hermeneutic approach to
interpreting and advancing these domains.

This special issue consists of papers examining science and technology through
various hermeneutical lenses. The organization of these papers transitions from exploring
the hermeneutics of science, encompassing topics such as the hermeneutics of quantum
mechanics and molecular biology, to delving into the hermeneutics of practice and
technology. This latter section includes investigations into technology in ancient China
and explores the relationship between the Tao and ancient Chinese artifacts.

Sandra Wiirtenberger's (2024) paper “Communicating with Technical and
Scientific Artifacts: Between Hermeneutics and Sociology of Science” discusses an
attempt to bridge the gap between a traditional concept from philosophical hermeneutics
and ideas from the sociology of science. The main aim is to describe a method for
communication with technical and scientific artifacts. The article integrates insights from
the hermeneutic concept developed by the German philosopher Hans-Georg Gadamer
(1900-2002) with ideas from the sociology of science and technology that were presented
by the French sociologist Bruno Latour (1947-2022) in his writings.

Guolin Wu's (2024) “A Hermeneutical Analysis of Quantum Mechanics” delves
into the debate surrounding the difficulty of understanding quantum mechanics despite
its successful calculations and predictions. The article explores how a hermeneutic
perspective can shed light on new aspects of the understanding of quantum mechanics. In
hermeneutics, interpretation encompasses two key aspects: explanation and explication.
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“Interpretation,” “explanation,” “explication” respectively correspond to “qudn shi,”
“shuo ming,” and “chdn shi” in Chinese. With insights from the Chinese understanding
of these three notions, Wu argues that the development of quantum mechanics reflects a
cyclical process of explication-explanation-explication-explanation (and so on).

Sadegh Mirzaei’s (2024) “The Affinity between Feedback Mechanism and
Hermeneutical Circle” distinguishes the realm of sense-making for human understanding
from the scientific and technological realms of non-human experimentation and tool-
making. He argues that this juxtaposition between the humane and the artifactual or the
natural, linked with understanding and interpretation on one side and control and
experimentation on the other, engenders what could be termed a Diltheyan schism. His
paper seeks to address this schism by elucidating the connection between two pivotal
concepts in engineering and the humanities: the feedback mechanism and the hermeneutic
circle.

Arthur Wei-Kang Liu's (2024) “On Scientific Explanation and Understanding — A
Hermeneutic Perspective” considers the intricate relationship between scientific
explanation and understanding, proposing a hermeneutic framework to unite these two
concepts. Liu examines the problem of irrelevance and the problem of symmetry faced
by Carl G. Hempel's deductive-nomological (DN) model of explanation and various
efforts to address these problems over the past seven decades. By examining
understanding and explanation through the lens of hermeneutics and Kuhn's notion of
paradigms, Liu suggests an approach to reconciling these issues.

Zhikang Wang's (2024) “Description, Understanding, and Explanation: How
Scientific Interpretation Gave Birth to Modern Molecular Biology” discusses the intricate
relationship between hermeneutics, scientific discovery, and technological progress,
taking the emergence of modern molecular biology as a case study. The paper explores
the distinct, yet interconnected, nature of “description-text,” “understanding-text,” and
“explanation-text” within the scientific research process. By examining the hierarchical
structure of thinking, the paper argues for a distinction of two complementary approaches
to understanding phenomena through the mediation of natural language: the
transformation and restoration between abstract concepts across different layers, and the
interplay between intuitive images within these layers.

Tiantian Liu and Carl Mitcham's “Toward Practical Hermeneutics of Fourth
Paradigm Al for Science” considers the integration of artificial intelligence and science
which has ushered in a novel approach to scientific inquiry, prompting the question of
how we should interpret the knowledge emanating from this fusion (Liu & Mitcham,
2024). Liu and Mitcham give an analysis of the knowledge generated through Al-driven
science through the lens of the distinction between the theoretical and the practical
hermeneutics which was made by Joseph Rouse. They propose that, from the theoretical
hermeneutics perspective, scientific knowledge has not undergone a fundamental
transformation at the theoretical level and views Al merely as another tool enhancing
research efficiency, however, this perspective fails to account for the unique challenges
posed by Al-enabled knowledge generation, including the emergence of data as a novel
form of publication, Al-assisted writing, automated laboratories, and the opaque,
unexplainable, and potentially biased nature of machine learning-derived knowledge. Liu
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and Mitcham then suggest the adoption of practical hermeneutics to address the
aforementioned issues and for comprehending the knowledge emanating from these novel
research methods within the context of scientific practice.

In their etymological and historical exploration, Danfeng Zeng and Qiong Liu
analyse the meanings of the Chinese term 'Ji Shu' for ‘technology' (Zeng & Liu, 2024).
Their paper “Hermeneutic Analysis of Ancient Chinese Technology” shows that the term
'Ji Shu' consists of two Chinese characters: 'Ji' and 'Shu'. The two characters reflects
traditional Chinese thought which takes technology as a complex of two forms of
knowledge: knowledge concerning the formless or non-material aspect of technology and
knowledge of the form or material aspect of technology.

Pan Deng's (2024) “Hegel on the Steam-Engine” explores Hegel's unique
perspective on the steam engine. Even though Hegel did not explicitly discuss the steam
engine as an integrated technology, he examined its constituent elements, namely ““steam”
and “machine,” by tracing the former from the ancient Greek theory of four elements to
modern meteorological understandings, and by understanding the latter within the
framework of dialectics. Deng argues that Hegel's comprehension of the steam engine,
underscoring the dialectical nature of knowledge, encapsulates his concept of “pre-
scientific hermeneutics,” involving a continuous process of reflecting on concepts and
reality informed by empirical validation.

Wenzel Mehnert's (2024) “The Futures Circle — An Applicable Framework for
Hermeneutic Technology Assessment” finally turns to “Technofutures,” that is, to
statements about novel and emerging science and technologies (NEST) that disrupt our
understanding of the world. Although Technofutures often adopt a hypothetical and
speculative stance, they are not mere predictions of the futures, but reflect the current
state of affairs and composition of existing knowledge, values, and attitudes, leaving a
lasting impact on the development of actual technologies. Mehnert explores how diverse
perspectives on Technofutures might offer a framework for the hermeneutic assessment
of the futures.

Though the topics addressed in all these papers represent only a fraction of the wide-
ranging concerns of hermeneutics, they foreground its importance for understanding a
world of technical and scientific artefacts. We aim with this special issue to provide a
reminder of the expansive nature of hermeneutics and to inspire further research regarding
the Hermeneutics of Technology, broadly conceived.
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Communicating with Technical and Scientific Artifacts
between Hermeneutics and Sociology of Science?

Sandra Wiirtenberger ()
Technical University of Darmstadt, Department of Philosophy, Residenzschloss 1, Darmstadt, 64283,
Germany,
sandrawue@gmx.de

Abstract

In this article an attempt is discussed to combine a traditional concept from philosophical hermeneutics
with ideas from the sociology of science. The main aim is to describe a way of communicating with
technical and scientific artifacts. Thoughts from the hermeneutic concept of the German philosopher Hans
Georg Gadamer (1900-2002) will be combined with ideas of the French sociologist Bruno Latour (1947-
2022) which he developed in his texts on the sociology of science and technology. Before this approach is
developed, the embedding and differentiation from previous hermeneutic concepts is discussed. Especially
the concept of material hermeneutics developed by Ihde and Verbeek is outlined in order to contrast the
new approach. — The first task of the article’s main chapter is to show the similarities between the two
concepts of Gadamer and Latour, which at first sight seem very different. The second task is to use these
concepts for a better description of the interaction or communication between human beings and technical
or scientific objects. An approach is shown and discussed that can help to analyse the process of creation
and the roles of entities generated in the course of performing science and technology, which — released
into the world — become independent entities in their own right.

Keywords: Hermeneutics; Sociology of science; Philosophy of science and technology;
Artifact theory; Dilthey; Gadamer; Latour

Citation: Wiirtenberger, S. (2024). Communicating with technical and scientific artifacts between
hermeneutics and  sociology of science. Technology and Language, 5(1), 7-17.
https://doi.org/10.48417/technolang.2024.01.02

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License
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INTRODUCTION

In order to discuss the ontological determination of technical and scientific artifacts
or, more generally, the ontological relationship between human and non-human entities,
I would like to confront Bruno Latour’s concepts with Hans-Georg Gadamer’s conception
of hermeneutics. The question behind this is to what extent Gadamer’s hermeneutics can
be re-purposed in a philosophical context in order to apply it to the process of
understanding and communication between human and non-human entities. The point,
then, is to harness Latour’s radical deconstructivism. It attempts to transcend the
dichotomy between human and non-human beings, which can be descriptively
illuminating, and uses it methodologically in conjunction with constructive tools.

Gadamer locates hermeneutics itself philosophically or ontologically as part of the
human life process. Gadamer develops his concept of hermeneutics on the basis of
Heidegger's philosophy. Thus, historicity plays a major role in Gadamer’s work — in
reference to Heidegger’s historical showing of the events of being. This constitutes a
major parallel to Latour, who in Pandora’s Hope thematises the temporally limited life
of research objects that have their validity within their discourses over specific historical
periods (Latour, 1999, p. 145-173).

EMBEDDING IN THE DISCOURSES

Before | explain my thoughts on this in more detail, | would first like to distinguish
this approach from a position that makes a similar claim. This is the concept of material
hermeneutics (Ihde, 2005) proposed by the American philosopher of technology Don
Ihde, first presented in Expanding Hermeneutics (lhde, 1998), and subsequently also
discussed by Peter-Paul Verbeek. IThde’s aim is to transcend European phenomenological
concepts, such as those of Husserl, Heidegger and Merleau-Ponty, post-
phenomenologically (Verbeeck, 2003, p. 91). In Expanding Hermeneutics, he attempts to
transfer this to the hermeneutic method (lhde, 1998, p. 139-150). Ihde describes
philosophy of technology itself as a hermeneutic matter. His starting point is Wilhelm
Dilthey’s interpretation of hermeneutics, which I will therefore briefly outline before
discussing Ihde’s concept.

One of the fundamental texts in the debate on hermeneutics in the late 19th and
early 20th centuries, alongside Schleiermacher’s works, is Wilhelm Dilthey’s text Die
Entstehung der Hermeneutik (The Origin of Hermeneutics), published in 1900 (Dilthey,
1900/1973). Dilthey first asks himself how scientific knowledge takes place in relation to
individuals and explains this through individuation. Action generally presupposes the
understanding of other people. The linguistic, humanities and historical sciences are
based on the comprehension of the singular and its objectification.

The object of knowledge in the humanities is the immediate inner reality. The object
of knowledge in the natural sciences, on the other hand, is the reflex of an actuality in a
consciousness. The difficulty with the process of cognition in the humanities is that |
cannot become aware of my own individuation from within myself. Only in comparison
with the other, through the perception of differences, do | become aware of my own self.
Other existence is conveyed in sensory facts such as gestures, sounds and actions. We
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reproduce these within ourselves and bring the other individuality to objective recognition
(Dilthey, 1900/1973, p. 56).

Dilthey calls this process, in which inner things are recognized from outer signs,
understanding. Understanding is a process in which a mental constitution is recognized
from sensually given signs, e.g., “I no longer understand myself.” This is said when one’s
own actions and decisions seem as if they were made or taken by someone else.
Understanding is directed towards all products of the human mind: children’s babbling,
works of art, music, literature, constitutional texts, etc. (Dilthey, 1900/1973, p. 57). These
all require interpretation in order to be understood. According to Dilthey, interpretation
takes place as follows: Through the most strained attention, we try to understand the other
and to objectify them again and again. This interpretation is always dependent on
language. “Therefore, the art of understanding has its center in the interpretation of the
remnants of human existence contained in writing” (p. 58, translation S.W.).? For Dilthey,
this art of interpretation has developed slowly over time, similar to experimentation in the
natural sciences. The art of interpretation is now itself scrutinized, and rules for
interpretation are fixed. This gave rise to hermeneutic science. For Dilthey (1900/1973)
it is the “Kunstlehre der Auslegung von Schriftdenkmalen” (rules of the art of interpreting
monuments of writing) (p. 59).

For Dilthey, language is required as a means of enforcement, even if
communication with the other is not limited to language alone but can also take place via
other means of expression or objects. Dilthey’s view of the hermeneutic process of
understanding is still very ego-centered. The individual recognizes him- or herself on the
basis of the formation of differences and analogies in the other. Dilthey’s description of
the hermeneutic process remains in the image of the hermeneutic circle. This cyclical
structure of hermeneutic understanding was first described as a circle by the classical
philologist Friedrich Ast (1808, p. 109-110).

Individual signs that | perceive in others help me to better understand myself by
comparing them with the context of my own experience and to grasp the whole by
projecting them back. The repetition of this process of understanding then leads to the
cyclical structure. Another important point in Dilthey’s (1900/1973) work is that he
contrasts scientific research practice with hermeneutics as the scientific method of the
humanities (p. 62-63).

This is where Thde comes in, wanting to overcome the “diltheyan divide” by
extending the hermeneutic method to the natural and technical sciences. The hermeneutic
approach should no longer be limited to texts, but should also be extended to dealing with
artifacts, whereby, as the name suggests, he limits himself to material artifacts with
material hermeneutics. He says: “a material hermeneutics is a hermeneutics which ‘gives
things voices where there had been silence, and brings to sight that which was invisible’”
(Ihde, 2009, p. 80). He also speaks of visual or perceptual hermeneutics. By way of the
instrumental possibilities of the natural sciences, perception should be directed towards
texts, but also transcend or question them.

3 ,Daher hat die Kunst des Verstehens ihren Mittelpunkt in der Auslegung oder Interpretation der in der
Schrift enthaltenen Reste menschlichen Daseins.*
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For him, scientific hermeneutics is material in two ways, firstly because material
entities are examined, and secondly because the instruments used are of a material nature.
In his opinion, instruments and technologies generally serve to provide hermeneutic
access and an understanding of things. Ultimately, Ihde is not only interested in exposing
scientific methods as hermeneutic, but also in applying the newly acquired diversity of
methods to the humanities. He exemplifies this with examples from the historical sciences
and archaeology in which scientific and historical texts are critically scrutinized and
refuted through the scientific examination of archaeological artifacts (Ihde, 2005).
However, Ihde is not only concerned with linking methods, but generally with an
ontological reinterpretation of the natural sciences in a phenomenological manner. In this
he his following Heidegger and Merleau-Ponty. This becomes particularly clear in the
reference to the expansion of human perceptual possibilities through instruments. Natural
sciences serve people to specify their being-in-the-world or their relationship to the world
in an analytical way (Verbeek, 2003, p. 91; Verbeek, 2005, p. 121-145). “Technologies
are not thought to estrange people from themselves and their world anymore, but to
mediate their existence and experiences. These new directions in the philosophy of
technology can inform a new phenomenological approach of science [...]” (Verbeek,
2003, p. 91). This hermeneutic turn towards things does not only refer to the interaction
between the researcher and the scientific object, but the hermeneutic interaction with
artifacts takes place in all social contexts (Verbeek, 2003, p. 94).

Here 1 would like to make two key points. Ihde and subsequently Verbeek (2003;
2005) deal exclusively with material artifacts, so that their concept of hermeneutics
cannot be sufficient for my purposes. However, the possibility of allowing hermeneutic
discussion not only on the basis of a linguistic or textual tradition should be kept in mind
with regard to the variety of possible interactions between human and non-human beings
in Latour’s sense, or with regard to the interactions between visible and invisible entities.
Verbeek summarizes Ihde’s ideas in a trend-setting way when he writes: “Human
interpretations of reality are not to be understood in terms of textual and linguistic
structures only, but also as mediated by artifacts. In the same vein as Latour, who claims
that the social sciences have too exclusively focused on humans and forgot about the
nonhumans, it can be said that hermeneutics has only been using half its capacity,
occupying itself only with texts and neglecting things” (Verbeek, 2003, p. 94).

GADAMER AND LATOUR

Since | am primarily concerned with the ontological determination of artifacts and
the ontological relationship between human and non-human entities in general, before |
confront Latour’s thoughts with the hermeneutic tradition, I would like to address its
reception and transformation by Hans-Georg Gadamer. Although Gadamer falls short of
the diversity of methods proposed by Ihde, he locates hermeneutics itself philosophically
and ontologically even more radically as part of the human life process. Although Ihde
also ties in with Heidegger’s thinking, he overlooks the fact that in his late philosophy —
explicitly in ‘die Kehre’ — the overcoming of Dilthey’s divide is already inherently
accomplished. According to Heidegger, although people have no influence on when
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‘Sein’ (being) shows itself, Dasein — literally “being-there”/“there-being,” rendered as
“Being-in-the-world” — still requires Sein in order to show itself or become evident.
Gadamer, on the other hand, is fully aware of this when he develops his concept of
hermencutics on the basis of Heidegger’s philosophy, even if this supposedly remains in
the context of the humanities due to the great focus on the importance of language. Thus,
in Gadamer’s work — following Heidegger’s historical visualization of events of being —
historicity plays a major role. This represents a major parallel to Latour (1999) who in
Pandora’s Hope thematizes the temporally limited lifespan of research objects that have
their validity within their discourses over certain historical periods (p. 145-173).

Gadamer generally admits — like Dilthey or lhde — that hermeneutic engagement
takes place not only through texts, but also through art or the like. In doing so, he
transcends Dilthey’s concept, which emphasizes empathy with the other for individual
individuation. He describes hermeneutic understanding as constituting one's own being-
in-the-world or the fundamental process of living. According to Gadamer, understanding
proceeds by confronting the interlocutor with one’s own experiences and preconceptions,
but with an open attitude that allows one’s own opinion to be revised in the confrontation
with the other. Understanding is thus linked to the context of application. This is
constituted by an individual question with which the other is approached. The question
must have an open structure that is nevertheless guiding. This presupposes the knowledge
of one’s own non-knowledge. The meaning of the answer, which only makes sense in
relation to the question, does not result from the author’s original intention, but from the
reader’s respective thematic confrontation. Understanding thus always takes place
through understanding, and for Gadamer this is always based on language. For him,
language is the basic preference of our being-in-the-world and thus stands in the middle
between the self and the world. The pre-conception revised by the process of
understanding leads to a different understanding on a higher level (Gadamer, 2010, p.
387-409). This Gadamerian conception of hermeneutics has been discussed not only as
circular, but also as spiral.

Gadamer tries to symmetrize and dynamize the hermeneutic discussion between
two partners and to think of hermeneutic development as a process in the history of the
spirit as a whole. In the hermeneutic process, the interlocutors, or rather the authors and
interpreters, come closer to each other in their opinions on a higher level, until finally a
fusion of horizons can take place. The prerequisite for understanding is a common
language horizon or living in one language. The reader or translator of a text can never
fully empathise with the feelings of the writer. This is why understanding ends in
interpretation and is not a mere comprehension of the other. Hermeneutic text
interpretation is similar to a conversation between two interlocutors. Author and
interpreter find a common language by giving meaning to the text as they put it into
words. This makes communication between two partners possible, even if only one of
them is really speaking. Understanding and interpreting are one and the same in the
medium of the interpreter’s language (Poser, 2009, p. 220-225).

For Gadamer, language is so important precisely because it makes communication
across time possible. For him, writing is not the only means of transmission, but it is the
preferred one. Writing always establishes simultaneity in the present and thus creates the
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coexistence of the past and the present. Written tradition is not part of a past world, but
rises above it into the sphere of meaning. What is recorded in writing exists in this sphere
of meaning independently of the original author and his or her addressee. Anyone who
knows how to read can now take part in it. What is fixed in this way has freed itself from
contingency and positively freed itself for a new reference. However, one’s own horizon
of understanding is prior and cannot be transcended. Historians who try to place
themselves in the past and free themself from their own context are doomed to failure,
since they cannot problematize the preconditions for their understanding at all. Each
interpretation thus belongs to its respective hermeneutic situation. Even non-linguistic
interpretation, such as the interpretation of and in works of art, presupposes linguisticity.
For Gadamer, words are not tools as interpreted by the philosophy of language, but refer
to the interweaving of all understanding through conceptuality. Understanding and
language are not mere facts, but encompass everything that can ever become an object of
thought. Following Heidegger, the ontological quality of the historical is also important
to Gadamer. Meaning is detached from the individual in the linguistic artifact. The fact
that meaning can be reconstructed later is conditioned on the fact that the interpreter is
per se part of the same intellectual-historical tradition through his or her linguistic
realisation of the world (Gadamer, 2010, pp. 258-269 and pp. 387-409).

Bruno Latour comes to similar conclusions in a different way. He pleads for the
recognition that non-human beings, just like humans, have a temporal horizon or a time-
limited life span. Even if it seems to us, for example, that scientific discoveries have an
existence in nature prior to discovery by science, it must be recognised on closer
inspection that they each exist only within their relations to the scientific community or
the social acceptance gained through the work of the research community. Non-human
entities (including objects of research) exist because of ontological transformations that
humans perform on them by releasing them into their social contexts through the
assignment of determinations which render them actants of their own. If scientific views
or habits change, they become obsolete and become part of history (Latour, 1999, p. 153-
159).

The transformation or justification of scientific results usually takes place in several
steps. For example, the direct results are first transformed by translating them into
illustrations, graphs or measurement curves, by preparing obtained sample material, by
schematising, by statistics or by comparing them with already existing models or findings.
Latour (1999) refers to these often sequential steps of mapping as circulating references
(p. 150).

Latour, like Gadamer, also turns against the classical division by philosophers of
language between the material world and language as two separate ensembles between
which there is a barely bridgeable gulf that must be overcome by correspondences. He
replaces this dichotomous image with a mediating chain of many small translation steps.
The mediation takes place from matter to form, that means to thought structures of the
human mind, whereby the chain does not end on either side. Complete correspondence is
thus never achieved, but only asymptotically approximated. It is important that these
circulating references can be reversibly traversed from transformation step to
transformation step, so that reconstruction always remains possible. From one partial
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reference to the next, a little material information is always replaced by formal
information or linguistic analogy. However, these steps remain retranslatable in both
directions (Latour, 1999, p. 91-92).

IDENTITY AND ARTICULATION

It would be worth discussing to what extent such a chain of reference can be
constructed and defended even without a truly factual starting point in the matter. Perhaps,
with regard to research subjects, it is sufficient if their potentiality is first conceived
theoretically in order to bring them to real life through a circulating chain of artifactual
manifestations, such as scientific research approaches and publications which release
them into society as independent entities. In society, other defence mechanisms, such as
political legitimation or social acceptance, feed their ontologies.

But back to Latour’s model once again. It is only through these partial fixations
gained through the circulating reference steps that the dynamic artifact (for example
microorganism, chemical compound, physical effect, living being) becomes nameable as
something static. For Latour, the transformations obtained through the mappings are
translation aids into existing, human and social thought patterns that serve to linguistically
defend or individualise the artifacts into entities in their own right. What is important here
is that for Latour, the transformation of artifacts by the scientific community or other
social discourses always changes all the actors involved. Latour does not see this as a
mere process of transformation or translation, but rather as a gain in knowledge. He
therefore opposes the classical scientific interpretation of experiments, according to
which they merely transform something naturally existing into something artificially
determined. For Latour actors change or grow through research. Researchers work
towards their research object and vice versa. Both change and reinvent themselves in the
process (Latour, 1999, p. 122-127).

As a parallel to Gadamer, it should be noted that Latour sees the individualisation
of non-human beings as essentially taking place through the linguistic discourse of human
beings, whereby the latter are dependent on the discursive confrontation with non-human
artifacts. Thus, for Latour, it is probably not a good idea to parallelize on an equal footing
written documentation and experimental findings that are obtained through instrumental
methods. Rather, the transformation processes described by Latour can be integrated into
Gadamer’s model of understanding by adding his notion of symmetry. It is true that
Gadamer’s approach refers primarily to interpersonal communication through language,
or at most he has in mind the communication of one person with another expression
through a textual artifact. Gadamer does not transfer this to other, instrumental forms of
communication and artifact types. However, as has already been mentioned, he describes
the hermeneutic discussion between interlocutors or between author and interpreter as
one characterised by an increase in knowledge.

This identity of thinking, language, and world, as it is shown in the ontologies of
Gadamer and Heidegger, is not completely overcome by Latour, at least in his model of
circulating references, since this approach retains the notion of approximation.
Nevertheless, Latour overcomes the differences between thinking, language and world,
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but without wanting to replace them with a thinking of identity, like that of Gadamer and
Heidegger. Latour’s model can be read in analogy to Gadamer’s hermeneutic spiral
movement if the model of circulating reference is understood as the knowledge-
expanding engagement of researchers with their objects of research, step by step
producing either illuminating scientific texts or better graphics or models. Latour,
however, does not only allow for non-linguistic forms of expression, but describes
precisely the hermeneutic engagement with non-human entities. In the end, both images —
circulating reference as well as hermeneutic spiral — serve only to analyse the hermeneutic
discourse between two partners, whereby two new discourse partners can always enter
into dialogue on the basis of their linguistically or materially fixed cognitive results.

In order to describe the confrontation and hermeneutic possibilities of an encounter
in a human and non-human network of references, Latour proposes his model of
propositions. For him, propositions are neither things nor statements, but actants. Latour
describes these as “occasions given to different entities to enter into contact. These
occasions for interaction allow the entities to modify their definitions over the course of
an event [...]” (Latour, 1999, p. 141). It could also be said that propositions are
possibilities of action or optional roles that an entity can take in relation to others in the
network. Propositions are simultaneously possibilities and events that transform the
ontologies of entities. They thus characterise the openness or processual character of
seemingly closed entities and thus refer to an invisible space of possibility on the basis of
which we perceive and encounter each other as seemingly limited beings. Therefore
Latour goes on to write: “Propositions do not have the fixed boundaries of objects. They
are surprising events in the histories of other entities” (p. 143). They are constituted by
small differences among themselves — differences that are no longer of the order of
magnitude of the difference between language and world in the classical picture, but
necessary shifts or ontological differences between partners communicating with each
other in the network.

For Latour, propositions also interact via language. However, he intends to
overcome the image of language bridging the gap between matter and form through rarely
sufficient correspondences. Latour therefore views propositions as interacting through
articulation. All articulation is based in the linguistic, but transcends it, since on the one
hand it includes other forms of expression, and on the other hand, the ability to articulate
is not a purely human quality (Latour, 1999, p. 139-141). He thus sums up: “Instead of
being of a human mind surrounded by mute things, articulation becomes a very common
property of propositions, in which many kinds of entities can participate. Although the
word is used in linguistics, articulation is in no way limited to language and may be
applied not only to words but also to gestures, papers, settings, instruments, sites, trials”
(p. 142).

Similarly, Alfred Nordmann argues for reading the connection between technology
and language not only in terms of the philosophy of technology, but also in multilinguistic
terms. In this way, the two spheres of linguistic and technical dealings with the world,
which are otherwise always kept separate, could be connected with each other. He sees
technology as the way we deal with things or with the material world itself. This creates
a structural relationship to language, as this is the way we deal with other people. He

15
soctech.spbstu.ru



Special Topic: Hermeneutics of Technology
Tema Beiycka '/ epmenesmura mexnonozuil”

speaks of a grammar of things that is needed within technology to make new technical
developments and to make assessments about technology. However, to discuss
technology as a language or containing many different languages also means that we live
and work in a multilinguistic environment within the technologised world (Nordmann,
2020, p. 86-89).

CONCLUSION

I will now conclude by linking this multilinguistic idea of society or Latour’s
assumption that articulation is not limited to language with Gadamer’s (2010) sentence:
“Being that can be understood is language” (p. 478, translation S. W.). This sentence
implies that there can also be being that cannot be understood, just as there can be
language that does not tend towards being. However, the sentence points out that
something can be constituted as being through the comprehension-based performance of
language. In relation to technical artifacts and scientific research objects, this means that
they, just like a non-humanly produced entity, come into an equal being through the
creative character of the hermeneutic process that takes place not only between scientists,
but also between them and their research technologies.

Thus, it could be asked whether the philosophical mediation between language and
world which underlies Heidegger’s and finally Gadamer’s conceptions, can be used as a
basis for a multilinguistic network communication model that goes beyond Gadamer’s
hermeneutic process between two partners. Here Latour’s idea of symmetrisation comes
in. It refers to existing entities extended to potential, historically possible technical and
scientific entities that exist in the background of being. Symmetry is thus extended to the
dualism between visible and invisible entities. Thus, Gadamer’s (2010), statement “Being
that can be understood is language” (p. 478, translation S. W.) also receives a further
meaning when, in the sense of Latour’s concept of articulation, being is understood as
something that actively addresses me in order to be understood, and in order to become
an independently existing entity through me and my language.

Such an approach can help us analyse the process of creation and the roles of entities
generated in the course of performing science and technology. By engaging with the
created entities, understanding emerges from their histories and the tasks for which they
were created by the spiritual generative power of humans and with which they were
released into the world — in which they now take on a life of their own as independent
agents.
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Abstract

The calculations and predictions of quantum mechanics have been successful, but there is a debate whether
quantum mechanics is understood. Understanding quantum mechanics from a hermeneutical perspective
will reveal new features of quantum mechanics. This requires first of all a review of key concepts as they
are rendered in German, English, and Chinese. Interpretation [Chinese “quan shi”] in hermeneutics consists
of Erkidrung [explanation — Chinese “shud ming”] and Auslegung [explication — Chinese “chén shi”’]. The
development of quantum mechanics reflects the iterative process of explication-explanation-explication-
explanation. Quantum matter revealed by quantum mechanics is characterized by hermeneutics, fusion of
horizons, and history of effects. This can be shown in respect to the delayed-choice experiment. Here, the
“past horizon” of the photon becomes an unfinished history, a reversible quantum being, which can only
be transformed into a classical existence through quantum measurement. A contemporary photon's “past”
reality and “present” reality will be overlaid and fused to form the photon's “whole” reality. This is the
photonic reality, and it involves a superimposed horizon that forms the whole of the total effect. This
hermeneutic interpretation sheds light not only on the interpretation of quantum mechanics but also on the
question why there are several such interpretations with a tendency for more to come. In short, the
intertwining of explication and explanation, and the projection of meaning reveal that quantum mechanics
is hermeneutic.
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AHHOTANUA

PacueTsl M IpeaBUAECHHE KBAHTOBOM MEXAaHHMKU OKA3aJUCh YCIEHIHBIMH, HO BEIYTCS CIIOPBI O TOM,
MOHUMAIOT JIM KBAaHTOBYIO MeXaHMKy. [IoHMMaHue KBAaHTOBOM MEXaHHUKH C T'€pPMEHEBTHUECKOW TOYKU
3pEHUs] OTKPBIBAET HOBBIE OCOOCHHOCTH KBaHTOBOHW MexaHUKH. UTo TpeOyeT, Mpekae BCEero, aHaiu3a
KJIFOUEBBIX TMOHATUH B TOM BHJE, B KAKOM OHHU MPEACTaBICHBl HA HEMELKOM, aHTJIHMICKOM U KUTaliCKOM
s3pikax. MHTEepnpeTanus [aHriuniickoe “interpretation”, Kutaiickoe “1rans mn’’| B TePMEHEBTUKE COCTOUT
n3 o0bsicHeHHs [HeMenkoe “Erklarung”, anrnmiickoe “explanation”, kutalickoe “ury MUH'’| ¥ SKCTUINKAIIHH
[Hemenkoe “Auslegung”, anrimiickoe “explication”, kuTaiickoe “IfoHb mu’]. Pa3BuTHe KBaHTOBOW
MEXaHUKH OTpakaeT WTCPATHBHBIA TIPOIECC HKCIUIMKAIUU-00BICHCHUA-IKCIUTUKAIINH-00BSICHEHUS.
KsanToBass matepusi, OTKpHITas KBaHTOBOM MEXaHHKOW, XapaKTEPU3yeTCsS TePMCEHEBTHUKOM, CIHSHIEM
TOPU30HTOB M HCTOpHEH 3(P(HEeKTOB. DTO MOXKHO MPOJEMOHCTPUPOBATh Ha MPHMEPE JKCIICPUMEHTa C
OTJIO’)KEHHBIM BBIOOPOM. 37eCh “TOPU3OHT MpOoNLIoro” (HOTOHA CTAHOBUTCS HE3aBEPIICHHOW HCTOPHEH,
00paTUMBIM KBAHTOBBIM CYIIECTBOM, KOTOPOE MOXKHO MPeoOpa3oBaTh B KIACCHYECKOE CYIIECTBOBAHUE
TOJIBKO TIOCPEJCTBOM KBaHTOBOro wusMmepenus. “Ilponuras” peanbHOCTh COBpEeMEHHOro (oToHa wu
“HacToAIas PEaIbHOCTh OY/IyT HAKIIAIIBATHCS U CTUBATHCS, 00pa3ys “lienyro’” pearbHOCTh GoTOHA. DTO
(hoTOHHAsI peasIbHOCTh, ¥ OHA BKJIIOYAET B ce0sl HAJIO)KEHHBIN TOPU30HT, KOTOPBIil (POPMHUPYET BeCh OOIIMIA
apdexr. DTa TrepMeHEeBTHYECKash HMHTEPIpETAIUsl IMPOJUBAET CBET HE TOJBKO HA HMHTEPIPETAIUIO
KBAHTOBOI MEXaHHKH, HO M Ha BOIPOC, MOYEMY CYIIECTBYEeT HECKOJIBKO TAaKHX WHTEepHpeTanuil ¢
TEHJICHIIMEH K TIOSBJICHUIO HOBBIX. BKpartile, meperieTeHue SKCIUTMKAIIMA W OOBSCHEHHS, a TaKkKe
MIPOCKITHSI CMBICIIA TIOKA3bIBAIOT, YTO KBAHTOBAsI MEXaHUKA TEPMEHEBTHYHA.

KaroueBbie cioBa: [epmeneBruka;, KsanTtoBas matepus; CrusHHE TOPHU30HTOB,;
OddexTuBHaAs UCTOPHST
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INTRODUCTION

Quantum mechanics has been a great success, however, there are many debates and
difficulties in understanding quantum mechanics. From the early development of
quantum mechanics to contemporary times, a variety of interpretations of quantum
mechanics have emerged. Some physicists have recognized that clarifying the concepts
of quantum mechanical interpretations not only solves problems of scientific
understanding, but also prevents the development of quantum technology from going
astray. However, researchers of quantum mechanics have not paid much attention to the
study of quantum mechanics and its contemporary development from a hermeneutic
perspective. In hermeneutics, there are many debates about the meaning of “interpretation”
and related terms such as the notion of hermeneutics itself. In this paper, we will discuss
the meanings of interpretation, hermeneutics, and related terms, and then explore the roles
of interpretation, explanation, and explication in quantum mechanics, to reveal the
structure and characteristics of quantum hermeneutics, and to provide a possible way
forward for the correct understanding of quantum mechanics.

MEANING OF HERMENEUTICS AND ITS RELATED TERMS

Hermeneutics is the Greek word Hermeneutike, Latin hermeneutica, German
Hermeneutik, which are derived from Hermes. In Greek mythology, Hermes was a
messenger of the gods, charged to carry their will to earth. The work he did involved
original meaning, translation, skill, and persuasion.

There are certain hermeneutic ideas in ancient China. Objectively speaking,
Chinese hermeneutics is still in an early stage, and has not yet opened up a new way in
hermeneutics.

Western hermeneutics can be traced back to the “Peri hermeneias” of Aristotle's
Theory of Instruments in ancient Greece. The “Peri hermeneias™ is not very extensive,
mainly discussing the definitions of nouns, verbs, etc., and explaining the meaning of
negation, affirmation, propositions and sentences, as well as the relationship between
them. The “Peri hermeneias” does not yet cover many of the topics later pioneered by
hermeneutics, such as the author's original meaning, the original meaning of the text, the
meaning received by the reader, the hermeneutic circle, and so on.

The object of study of hermeneutics has shifted from canonical texts, to text in
general text, and then to Dasein, and the trend is that it will turn to nature (including the
classical world and the quantum world). Its study includes not only the study and
understanding of text, the meaning of text, but also the study of methodology, ontology
and epistemology of textual understanding, as well as the question of how an
understanding of text is possible. And finally, hermeneutics involves the wisdom of
practice.

Hermeneutik has been defined by a number of not only Western scholars. Martin
Heidegger (1927/2010) wrote in Being and Time:

[W]e shall see that the methodological meaning of phenomenological description
is interpretation. The Adyog [logos] of the phenomenology of Dasein has the
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character of épunvevtinn [hermeneutik], through which the proper meaning of
being and the basic structures of the very being of Dasein are made known to the
understanding of being that belongs to Dasein itself. Phenomenology of Dasein is
hermeneutics in the original signification of that word, which designates the work
of interpretation. (p. 35)

This reflects questions of ontology and methodology. According to Paul Ricoeur
(1973): “Hermeneutics is the theory of the operation of understanding in its relations to
the interpretation of texts” (p. 112). It can be seen that methodology has always been the
core concern of hermeneutics.

Defining hermeneutics is controversial. From the perspective of the history of
hermeneutics and its contemporary manifestation, the German version of Wikipedia's
definition of hermeneutics is very concise and to the point: Hermeneutics (Hermeneutik)
is the theory of interpretation of text and understanding. The definition of hermeneutics
directly points out the object of study of text and understanding, and the core of
hermeneutics is the German word Interpretation.

According to the German dictionary Wahrig Deutsches Worterbuch, the meaning
of Interpretation is: Erkldrung, Auslegung, Deutung [explanation, exegesis or explication,
construal]. This meaning of Interpretation can be translated into Chinese as ,,12% (quan
shi). The English equivalent of the German concept [Interpretation is
Linterpretation.* According to the English Merriam-Webster online dictionary, the main
meanings of ,interpretation® are: (1) the act or the result of interpreting : explanation;
(2) a particular adaptation or version of a work, method, or style; (3) a teaching technique
that combines factual with stimulating explanatory information. It is clear that the English
word interpretation emphasizes meaning, but does not have the richer content of the
German word Interpretation.

On the view to be developed here, Erkldrung [explanation] emphasizes causality
and elaborates reasons and causes. It can be translated into Chinese as ,, 18 (shud
ming).” Auslegung [exegesis or explication] does not emphasize causality and focuses on
the interpretation of texts or events in general, and the scope of Auslegung is wider than
that of Erkldrung. Auslegung has a unique place in hermeneutics, and was first used by
Wilhelm Dilthey to generalize the understanding of the Geisteswissenschaften or
humanities, that is, the understanding of the manifestations of life as being in accordance
with technology and art. He writes, “Die Natur erkldren wir, das Seelenleben verstehen
wir [Nature 1s what we explain and the life of the mind is what we understand]” (Dilthey,
1964, p. 144). The second passage by Dilthey reads, “Das kunstmdssige Verstehen
dauernd fixierter Lebensdusserungen nennen wir Auslegung [We call exegesis the artful
understanding of permanently fixed expressions of life]” (Gadamer & Boehm, 1976, p.
126). It agrees with general philosophical practice to translate ,,erklaren® in the first quote
as “explain,”, while Auslegung in the second quote is best translated as “exegesis” or,
more commonly, “explication.”

The Chinese scholar Hong Handing agrees that, according to German scholars,
Linterpretation* has at least two meanings: Erkldrung and Auslegung. Erkldrung focuses
on illustrative and descriptive interpretation in terms of principles or wholes, while
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Auslegung favors elucidative and revealing interpretation in terms of the things
themselves, which we can translate as “explication.”

The German Interpretation is translated directly into English as “interpretation”,
while Erklirung is translated into English as “explanation” [t B or shud ming ], and
Auslegung is translated into English as ,.explication® [“[#] ¢ or chdn shi”]. After the
examination of the Chinese language, the meaning of Chinese “interpretation” (quan shi)
should be: 1) with the help of language, technology, people, and in accordance with the
nature of things to justly, normatively, lawfully understand, explain, state reasons; ii) with
the help of technology and according to laws, norms, fairness, or goodness, to open,
understand, explain, or state reasons for things. The meaning of “explication” (chdn shi)
in Chinese also has two basic aspects: 1) to express the gradual unfolding of things from
the hidden to the obvious by virtue of one's own ability; and ii) to bring out the broad and
far-reaching meaning of things by virtue of one's own ability (Wu, 2022, p. 93-95).

The Chinese word “quan shi” (interpretation) is included in the Hanyd Da Cididn
[Chinese Big Dictionary]. The meaning of the Chinese word “shud ming” (explanation)
in that dictionary is: 1) description and understanding, 2) proof. From the terminological
point of view, “shud ming” (explanation) primarily highlights the meaning of causality.

It should be noted that the English translations in terms of explanation and
explication are less precise, while the German and Chinese terms are more precise. In this
paper, “explanation” emphasizes the meanings of proof and causation, while
»explication” emphasizes the aspect of revealing a nature or hidden meaning. The
English word “explanation” corresponds to the Chinese words “explanation” (shud ming),
“elucidation” (Ji¢shi) and “explication” (chdnshi). Chinese “explanation” (shud ming)
focuses more on causal relationships and has the meaning of proof; Chinese “elucidation”
(Ji¢ shi) is more broad and general, as long as a certain account is given; Chinese
“explication” (chdn shi) is to disclose the thing from the hidden to the obvious. In short,
we will compare the translations of three words as follows:

German, Chinese, English

Interpretation, quan shi, interpretation

Erkidrung, shud ming, explanation

Auslegung, chdn shi, explication

“Interpretation” and “hermeneutics” are closely related in that the translation of
Linterpretation involves not only the humanities, but also the development of
hermeneutics as a whole, the natural sciences and technology. The humanities emphasize
understanding, as do the natural sciences and technology.

Since the modern scientific revolution, the positive nature and validity of the natural
sciences have posed a serious challenge to the humanities; do the humanities have the
same scientific nature and validity as the natural sciences? In German,
Geisteswissenschaft [humanities] is the counterpart of Naturwissenschaft [natural
science]. In order to ground Geisteswissenschaft and distinguish it from natural science,
Dilthey argues that the difference between the methods of natural science and
Geisteswissenschaft is between explanation (Erkldrung) and understanding (Verstehen).
“Explanation” is the subsumption of individual instances, such as observations and
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experiments, under general laws, and employs the method of causal explanation.
Understanding, on the other hand, is to enter into the inner life of others through one's
own inner experience, that is, into the world of the human spirit. In other words,
Geisteswissenschaft provides an “understanding” of the world which differs from the
causal explanation of natural science.

Can't the natural sciences use hermeneutic methods? The famous philosopher of
science, Karl Popper, disagreed with Dilthey's limitation of hermeneutics to the
humanities alone. He argued that human knowledge of things is an explanation or
explanatory hypothesis, that it is also possible to err, and that observation is permeated
by theory. Understanding is the aim of the humanities as well as the natural sciences. He
said: “l oppose the attempt to proclaim the method of understanding as the characteristic
of the humanities, the mark by which we may distinguish them from the natural sciences.”
(Popper, 1979, p. 185).

Transformed by Heidegger and Gadamer, hermeneutics focuses not only on the text
but, more importantly, on being. Since hermeneutics is the state of being itself displayed,
the display also of the state of being of the objects of the natural sciences (e.g., micro-
objects) is a kind of hermeneutics.

As Patrick Heelan (1994) said in his phenomenological study of quantum
mechanics, hermeneutics has become a “strong hermeneutics” pointing to experience or
practice, instead of a “weak hermeneutics” pointing to the narrow textual material (pp.
363-373). Don Ihde (2009), the founder of post-phenomenology, argued:

The natural sciences also are deeply hermeneutical, and, on the other side, the
unique hermeneutic techniques developed in the natural sciences have deep
implications for the human and social sciences. (p. 64)

Generally speaking, written texts are considered the standard texts of hermeneutics,
and images, sculptures, etc. are regarded as “paratexts”, but in Thde's view, material
hermeneutics, which is part of the natural sciences due to the role of technology, goes
beyond textual hermeneutics in the production of objective knowledge and the
advancement of disciplines such as anthropology, history, and archaeology.

At present, hermeneutics mainly interprets classical, macroscopic texts (things).
There are not many interpretations of the quantum world (quantum texts). While Zhiping
Cao (2016) provided a more comprehensive account of Western scientific hermeneutics,
his hermeneutical study of the quantum world has yet to be developed.

Since hermeneutics is a method of universal significance, it can interpret macro
humanistic phenomena and also phenomena of natural science, and thus it should
interpret classical phenomena as well as quantum phenomena so that people can better
understand and utilize quantum phenomena and quantum world.

In fact, quantum mechanics has raised a very important problem regarding the
interpretation of quantum mechanics. The interpretation of quantum mechanics is not
only an external explanation of the quantum world, but also an internal explanation of the
quantum world itself (including causal explanations of the quantum world). According to
Heelan, quantum mechanics can be interpreted as a bridge between the physical and social
sciences. In the spirit of Niels Bohr and Werner Heisenberg, he says, the physical objects
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in quantum mechanics are revealed as being within the process of measurement in a
definite domain, socially and historically. The hermeneutic character of quantum
mechanical measurements reveals close parallels to the social/historical science of
hermeneutics. The hermeneutic analysis of science requires a shift from an
epistemological to an ontological attitude (Heelan, 1995, p. 127).

The development of quantum mechanics reveals the importance of interpretation.
A set of quantum mechanical concepts and corresponding laws constitute a quantum
mechanical interpretation such that, at present, quantum mechanics involves more than
10 different interpretations, such as the Copenhagen interpretation or multi-world
interpretation. Max Jammer‘s famous book “The Philosophy of Quantum Mechanics”
features the subtitle “the interpretation of quantum mechanics in historical perspective.”
This work is a comprehensive introduction to the problem of interpretation of quantum
mechanics. It compares the relationship between each major interpretation of quantum
mechanics and various concepts, the similarities and differences between the various
interpretations and the answers given by leading scientists to some basic questions in the
interpretation of quantum mechanics, and the differences between the various
interpretations in terms of basic epistemological questions; and finally lists the various
objections to each interpretation so that the reader can judge for himself or herself.
Choosing a theory of quantum mechanics is not only a process of acquiring the scientific
laws of the quantum world, but also a question of how to choose and weigh them. For
example, for a specific quantum mechanical problem, it is a matter of choice and trade-
off as to which interpretation of quantum mechanics to adopt to deal with the problem.

The foregoing analysis shows that the meaning of the German word Interpretation
in hermeneutics includes Erkldrung (explanation) and Auslegung (explication), and that
the Chinese word “12%% (quén shi)” also includes both the meanings of “it ] (shud ming,
explanation)” and “[¥ # (chdn shi, explication).” The development of quantum
mechanics will show that explication and explanation display the structure of the meaning
of interpretation.

INTERPRETATION, EXPLICATION AND MEANING-PROJECTION
IN QUANTUM MECHANICS

Natural science requires concepts as a prerequisite. Natural science needs to be
based on a set of concepts, and these concepts are part of a certain history and culture.
The concepts accepted by the scientific community are not necessarily accepted by non-
community members, which requires the use of hermeneutic skills to make non-
community members accept them. For this reason, Thomas Kuhn (2000) called these
concepts of science its “hermeneutic basis,” that is, its “paradigm” (p. 221). Kuhn (2000)
states,

My argument has so far been that the natural sciences of any period are grounded
in a set of concepts that the current generation of practitioners inherit from their
immediate predecessors. That set of concepts is a historical product, embedded in
the culture to which current practitioners are initiated by training, and it is
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accessible to nonmembers only through the hermeneutic techniques by which
historians and anthropologists come to understand other modes of thought.
Sometimes I have spoken of it as the hermeneutic basis for the science of a
particular period, and you may note that it bears a considerable resemblance to
one of the senses of what I once called a paradigm. (p. 221)

With the hermeneutic basis of paradigms, scientists need only do conventional
scientific research, i.e., solve specific scientific problems according to paradigms.

Kuhn (2000) also states that “[t]he natural sciences, therefore, though they may
require what [ have called a hermeneutic base, are not themselves hermeneutic enterprises”
(p- 222). According to Kuhn and in terms of the evolution of science, there is often a
scientific crisis, a scientific revolution, and then normal science. In the stage of scientific
crisis, there are many phenomena that cannot be explained by the original scientific
theories, and scientists lose confidence in the existing scientific concepts and scientific
laws, so people begin to doubt the original scientific paradigm and try to put forward new
concepts or new laws to explain the phenomena that occur.

Once a new concept or a new law accounts for key abnormal phenomena and is
accepted by other scientists, this is when a scientific revolution occurs and a new scientific
paradigm is formed. Obviously, in the stage of scientific crisis and scientific revolution,
a variety of concepts, even bizarre concepts, are produced. Supported by some
experimental evidence, some theoretical arguments, etc. the scientists who put forward
these concepts need to persuade, other scholars to accept their viewpoints, and this
activity is carried out until the formation of a new scientific paradigm. Undoubtedly, at
the stage of scientific crisis and revolution a hermeneutic process of explanation and
explication takes place, in which certain techniques (including even exaggerations of the
significance of arguments) are used to persuade others on the basis of scientific,
philosophical, and so on, “grounds.”

At the stage of normal science where scientific theories have been accepted by
scientists, i1s normal science just about doing specific calculations?

As a matter of fact, the basic meaning and reference significance of scientific
concepts, laws of science, etc., are not elucidated during normal science, nor is it clear
what the scope of application of these concepts and laws is. The so-called basic meaning
of a concept or law refers to the basic meaning of the concept or law itself as expressed
in science. The so-called reference meaning of a concept or law means what the concept
or law refers to in science, what entity, relationship or structure it represents, and what
kind of relationship it has with the objective world, revealing its direct scientific
significance.

For example, after Newtonian mechanics was established in the 17th century, the
concepts of force, mass, inertia, time, space, speed, acceleration, etc. were not clear and
there was a process of acceptance, and the scope of application of Newtonian mechanics
was being explored. Take the concept of mass as an example. Newton's 1687/2021
definition of mass is: “The quantity of matter is the measure of the same, arising from its
density and bulk conjointly” (p. 1). Obviously, this definition does not give a clear
definition of mass; in fact, studies in electromagnetism and quantum mechanics have
shown that matter has a variety of quantities, such as charge, spin, baryon number, and so
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on. To what extent Newtonian mechanics is applicable, first, it is necessary to see whether
Newton's laws are correct in order to judge when they are applied; second, it is necessary
for new physical theories (e.g., relativity, quantum mechanics, etc.) to give the scope of
application of the old theories; and third, it is necessary for extensive scientific
communication (scientific description and scientific interpretation) and hermeneutical
techniques (e.g., explication). It can be seen that during normal science, science is not just
a work of applying science and solving difficult problems, which belongs only to
explanation; at the same time, how to understand the concepts, laws of scientific theories,
their precise meanings, reference significance, adaptive scope, and deeper social and
cultural significance, etc., still need to be explored in depth, which belongs to explication;
therefore, during normal science, the explanation of scientific theories is combined with
explication, which is a hermeneutic activity or process (compare Liu, 2024).

In the founding stages of quantum mechanics, explanation and explication were
complementary and alternating. One example is the introduction of the concept of energy
quanta. At the end of the 19th century, blackbody radiation had accumulated empirical
data at short and long waves with the discovery of Wien's law and Rayleigh’s law,
respectively. Max Planck cobbled together a mathematical formula — Planck's law of
radiation — based on these two laws, on the basis of which he came up with the concept
of energy quanta, i.e., that energy is not continuous but has a minimum unit of energy
(Wu, 2016, p. 1-3).

Planck creatively introduced the concept of energy quanta through a cobbled-together
mathematical formula, which involved a process of explication, as the concept of energy
quanta opened up the new science, quantum theory, of which he became the founder.
However, it is because Planck's radiation law is “cobbled-together,” one has been looking
for how to deductively derive Planck's radiation law from general scientific theories
(including electromagnetism, thermodynamics, statistical physics, etc.), which is a
process of pursuing explanation. The concept of energy quanta — including the concept of
“light quanta,” later proposed by Albert Einstein, — formed the “quantum” concept of
quantum mechanics, where the correctness of the quantum concept is established through
the subsequent establishment of quantum mechanics and its experimental test.

In the normal scientific stage of quantum mechanics, the same hermeneutic activity
takes place. In classical science, the form of scientific concepts and laws is basically
determined, and hermeneutic activities are mainly manifested in how to understand the
basic meaning of scientific concepts and laws, their reference and contextual significance.
At the stage of quantum mechanics, the basic concepts and laws of quantum mechanics
are changing, as is the formation of different groups. Each group of scientific concepts
and scientific laws constitutes an interpretation of quantum mechanics. Healey (1989)
defines the interpretation of quantum mechanics as a description of what the world will
be like when quantum mechanics is true (p. 6).

There are more than 10 prevailing interpretations of quantum mechanics. Each
interpretation of quantum mechanics is a theory of physics for understanding the quantum
world, with both a conceptual and a mathematical framework. They are new ways of
describing quantum mechanics, and they all describe the quantum world from different
sides, levels, or perspectives.
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Unlike the classical world, which can be perceived directly by the human senses,
the quantum world always requires a process of gradual disclosure, a gradual change from
the potential to the apparent. It is a gradual change from the potential to the manifest. The
gradual disclosure of the quantum world to human beings is an explication. From the
initial revelation of experiments or conceptual thinking to the process of discovering the
laws of quantum mechanics, this is a process of explication and a process of scientific
discovery. When the laws of the quantum world were discovered, people carried out
scientific calculations and predictions under the laws of quantum mechanics, which is an
explanation process, however, in this process of explanation, it is not that the concepts
and laws of quantum mechanics are all completely shown and clearly understood by
people, in which certain basic concepts and laws of quantum mechanics still need to be
explored more deeply, which is an explication that includes the exploration of the
quantum the world itself. Time, space, matter, and other ontological presuppositions need
to be carefully clarified. Through such explication, people will get a clearer understanding,
but also may obtain new quantum laws that will allow for new scientific predictions,
which is again explanation. With the development of quantum theory, the original thought
of clear understanding was later found to be insufficient, and then produced a new
understanding, which is a process of explication.

It can be seen that in the process of the development of quantum theory, explanation
— explication — explanation — explication — ...... is a process of constant alternation.

A basic difference between explanation and explication is that when the laws of
things are discovered, people utilize the laws and concepts for scientific calculations or
scientific prediction, which belongs to “explanation.” Things or concepts move from
unclear to becoming clearer, from uncertainty to certainty, this is “explication.” Having
created the concept or discovered the law that was originally thought to be clear, it is
found after further exploration that there is a deeper meaning and significance, this is also
“explication.”

There are many interpretations of quantum mechanics, and there is a tendency for
their number to increase, which is rooted in several reasons. First, there is formalization.
In the creation of quantum mechanics, a formal system (i.e., a mathematical form or law)
always comes first, but what exactly that formal system expresses is not clear, nor is the
meaning of the physical quantities in it, and yet the formal system supersedes its
explication and explanation.

Second, the role of the observer is unclear. The observer has different roles in
various interpretations of quantum mechanics. In the Copenhagen interpretation, the
many-minds interpretation, and the self-consistent historical interpretation, the observer
plays an important role. The Copenhagen interpretation holds that the wave function
comes to be described to represent all that an observer can know about a quantum system.
The hidden-variable interpretation, and the many-worlds interpretation argue that
observers do not play a role in quantum measurements.

Third, the meaning of probability is unclear. In the quantum world, it is the
probability amplitude (wave function) that describes wave nature, and the iteration of the
probability amplitude is the iteration of the wave, which in this case is a wave of quantum
nature. The square of the absolute value of the probability amplitude (wave function)
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corresponds to classical probability. Is the classical probability here a propensity, a
frequency, or a subjective expectation? The formalization of the theory, the notion of the
observer, and the probability characteristic of the theory are three reasons for the
proliferation of interpretations — a point made by Omnes (1999).

On the view developed here, there are four further reasons why a quantum
mechanical interpretation is needed. Fourth, the meaning of the wave function
(probability amplitude) is not clear. At the beginning of the creation of Erwin
Schrodinger's fluctuation equation, he linked the parent function S with the unknown
function by connecting it with the Hamilton-Jacobi equation and assumed S = log . The
meaning of the unknown function was not clear at that time, and it was later named the
wave function. Schrodinger called y a “mechanical field scalar” and proposed an
electromagnetic interpretation of the wave function y. Obviously, these ideas were
exploratory. Is the wave function an instrumental mathematical description, or a real
description of the quantum world? As Changpu Sun (2017) argues, there is no consensus
so far on the quantum mechanical interpretation (p. 481) — understanding how the wave
function describes the microscopic world — with the author of the present paper arguing
that the wave function is a relatively structural reality (Wu, 2012, pp. 118-120).

Fifth, there is the uncertainty of the quantum world itself. On the one hand, the
quantum world itself as revealed by the uncertainty principle has uncertainty, so there is
uncertainty of the quantum object, as different technical conditions will produce a
different nature: An instrument with a fluctuating nature produces quantum phenomena
of a fluctuating nature, and an instrument with a particulate nature produces quantum
phenomena of a particulate nature — which is wave-particle duality. So, on the other hand,
is there only one quantum world, or are there multiple versions? Different quantum
mechanical interpretations offer different views. The many-worlds interpretation holds
that there is one wave function and many worlds. Thus, multiple concepts and theoretical
systems are needed to grasp an uncertain quantum world.

Sixth, the role of the author, that is, of the founders of quantum-mechanical
interpretations is not clear. The reason why there are different interpretations of quantum
mechanics lies in the fact that there are different founders of quantum mechanics, and
these authors have different projects of sense-making that produce different
interpretations of quantum mechanics.

Although relativistic theories also have forms that precede explication and
explanation, there is only one physical world of relativity. In contrast, the founders of
quantum mechanical interpretations can construct completely different quantum worlds,
even of a kind that defies people's intuitions, such as the many-worlds interpretation, the
many-minds interpretation, and so on. It depends on the intention of the modeler whether
or not the indeterminate quantum world is like a lump of clay that one can knead as much
as one wants. It is the consciousness, intention or intent of the different founders of
quantum mechanics to devise the meaning of the quantum world first, in order to promote
the clarification or enlightenment of different quantum worlds. Here, sense-making is a
kind of prior mastery of the quantum world, providing a basic blueprint of the structure
of the quantum world and its interrelationships. Of course, the correctness of this project
of sense-making must be tested by subsequent quantum experiments.
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Seventh, the role of users is unclear, that is of scientists who use quantum
mechanical interpretations, etc. How are they to choose between multiple quantum
mechanical interpretations? There are no set criteria. Between different interpretations of
quantum mechanics, there are problems of interpretation.

For each quantum mechanical interpretation it holds that explanation — explication
— explanation — explication — ...... . The creative discovery of an equation (law) of
quantum mechanics based on a certain premise is explication; and then, on that basis, the
equation is used to anticipate a certain quantum experience, which involves explanation.

To have a project is to be conscious of a possible plan or design for a future thing
or event. Planning confronts a world of future possibilities. It is possible to be right, and
it is possible to be wrong. Projecting is prior to meaning in that it plans for sense-making.
In different interpretations of quantum mechanics, each of the proposers of that quantum
theory has different assumptions for sense-making, and it is human planning that is at
work in advance and that is planning for meaning. For example, the many-worlds
interpretation and the many-minds interpretation, etc., have different assumptions about
the quantum world and consciousness.

There is also the problem of explication in respect to different interpretations of
quantum mechanics. The same concept is explicated in different interpretations of
quantum mechanics to make the meaning of that concept clearer. Thus, the elaboration of
concepts, laws, etc., in multiple quantum mechanical interpretations is an understanding
of multiple aspects of the quantum world. The existence and development of multiple
interpretations of quantum mechanics reveals that explanation and explication are
combined, and it reveals the intention or projection of the meaning of the founder of some
interpretation of quantum mechanics. In short, the intertwining of explication and
explanation, and the projection of meaning reveal that quantum mechanics is hermeneutic.

INTERPRETIVE NATURE, HORIZON FUSION, AND EFFECTIVE
HISTORY OF QUANTUM MATTER

Quantum mechanics reveals remarkable features that are different from those of
classical science, especially the fact that quantum matter is characterized by its
interpretive nature or hermeneuticity, by a fusion of horizons, and by its history of effects.

The interpretive nature of quantum matter

Quantum matter is always subject to the interpretation of quantum theory and
quantum technology, and so quantum matter reveals different states or properties.

According to Heelan (1998), The lifeworld has a furniture that comprises those
physical and embodied cultural objects, both ‘natural’, like trees, and ‘cultural’, like
institutions or technologies, which have names or descriptions in the language; among
them are perceptual objects. All of these are (to use Heidegger’s term) ontic beings.” (p.
281). In terms of their field of study, the humanities and social sciences study the world
(social, spiritual) as it relates to human beings, whereas the natural sciences are
confronted with unknown features of the natural world that need to be explored.

Don Ihde, the founder of post-phenomenology provides an in-depth study of the
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relationship between human beings, technology, and the world, and he proposed four
kinds of relation: the embodied relation, the hermeneutic relation, the background relation
and the alterity relation. His hermeneutic relation is expressed by the intentional formula:
human — (technology-world) (Ihde, 1979, pp. 4-6). Hermeneutic relations show that
there is a need for hermeneutic transformation of technology between human experience
and the world, with technology becoming part of the world. The quantum world and
human beings are interpreted through technology, but human beings cannot grasp
quantum technology directly, which needs to be converted with the help of classical
technology. Guolin Wu's (2016) research shows that the intentional formula of quantum
technology can be rewritten as follows: human — (classical technology — quantum
technology — microcosm) and the “microcosm” in this model is the quantum world (p
312). Obviously, the relationship of the quantum world to human beings should be
expressed by “interpretation.”

Ihde chose hermeneutic relations to describe the hermeneutic role of technology in
mediating between humans and the world. It is clear that technology provides the
hermeneutic of a (quantum) world that must be true, not false, a manifestation of the
quantum world as it is. For the real manifestation of the quantum world, it is necessary
not only that it is preceded by a theory (including concepts) of quantum mechanics, but
also that one is able to successfully create quantum technological artifacts (quantum
instruments) that are based on this theory of quantum mechanics.

Ihde (2009) puts forward “material hermeneutics” for the understanding of natural
substances (p. 63). For people based on different theories and technical means, the same
substance may make “different” sounds or present different states, so that people can hear
or see the phenomena that could not be understood before. In this way, the hidden states
of natural substances are revealed continuously. For example, the observation of stars
through ordinary astronomical telescopes that can see the size, color, shape of the stars,
was followed by the emergence of spectroscopy, so that scientists can use the spectra of
the stars to determine their surface temperature. It can be seen that with the progress of
observational technologies people's understanding of the stars has become more and more
in-depth and comprehensive. Therefore, the interpretation of the material text is closely
related to what kind of theory people adopt and what kind of technology they use.
Scientific theory and technology are important means of interpreting matter. As Gadamer
(2004) put it, “It is enough to say that we understand in a different way, if we understand
at all.” (p. 296). In addition, the autonomy of the material text is also reflected in the
effective historical nature of scientists' understanding of the material text: that is, the
constant turnover and evolution of the theories of the natural sciences, their specific
scientific tradition, social environment, epistemic interest and analytic mind-set
determines the historical nature of scientists' understanding of natural matter.

With the deeper study of the quantum world, it has been found that microscopic
particles (electrons, photons) exhibit phenomena different from those of macroscopic
objects. At the ontological level, the quantum (microscopic object) itself can be regarded
as a wave function, while the quantum state (property) described by the wave function is
a possible state, and the quantum state we measure is the result of the interaction between
the quantum and the external environment. From a philosophical perspective of science,
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as far as individual wave functions or the overall wave function formed by multiple wave
functions are concerned, they are real and have a rich structure. This means that the wave
function must necessarily be associated with the corresponding entity, and it is said that a
certain wave function actually corresponds to a certain microscopic object. The wave
function of a photon, for example, corresponds to the photon entity. The wave function
with reality is similar to macroscopic matter with “divisibility,” which is because the wave
function can be decomposed into different complete basis vectors, and it may then be
expanded into different complete sets of basis vectors (sub-wave functions), that is, a
quantum state can be decomposed into several different sub-states.

The “divisibility” of the wave function reveals that the quantum state is a possible
state, and that the specific properties of the quantum system can change under different
conditions of the measurement device. The properties of microscopic particles in the
quantum world change depending on the quantum theory and measurement device used
by the measurer (interpreter).

Horizon Fusion of Quantum Matter

Let us examine John Archibald Wheeler’s famous delayed-choice experiment, see
Fig. 1. Suppose that a photon of light is emitted from a source S and directed to a beam
splitter H1, which is then divided equally into two beams of light, 2a and 2b, which pass
through two mirrors, A and B, so that the two rays of light can intersect at C (the second
beam splitter H2). (1) When the beam splitter H2 is not inserted at C (shown by the dotted
line in Fig. 1), the detectors R1, R2 are able to determine whether the photons are coming
from the path B or from A, which indicates that the light has a particle nature. 2) When
H2 is inserted at C, the detector is able to conclude that a photon is traveling both paths
B and A at the same time, which indicates that light has wave nature. Various delayed-
choice experiments were successfully conducted to test this. The original version of the
experiment was realized using fast electrons (Jacques et al., 2007; 2008).

R
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Figure 1. Experimental setup for delayed-choice

If we load the entire experimental setup at once, that is, if we decide to insert or not
to insert the second beam splitter before conducting the experiment, what the experiment
will show is the fluctuating or particle nature of the photon, respectively. However,
Wheeler proposes that after the photon has already passed through the first beam splitter
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H1 and before reaching the second beam splitter H2, one then decides whether or not to
insert the second beam splitter H2, which is the core of the delayed-choice experiment.
After the photon has passed through the first beam splitter, the nature of the light has
already been decided, and its nature should not be affected by the change in the
experimental setup later (insertion or non-insertion of the second beam splitter).

Now the delayed selection experiment is saying that even after the light has passed
through the first beam splitter, i.e., the photon has been selected, we can still select the
light to behave as a wave or a particle by choosing to insert or not to insert a second beam
splitter, which is what Wheeler called “the present will influence the past.”

The question now is, does the experiment really show that “the present will
determine the past™?

The delayed-choice experiment was designed on the basis of the laws and principles
of quantum mechanics, which belongs to explanation and the study of the causal
relationship between the quantum world and quantum phenomena. Explanation here
consists in revealing the whats and whys of the quantum world and of quantum
phenomena. Wheeler and others consciously designed the delayed-choice experiment to
more deeply understand the laws and principles of quantum mechanics (which belongs to
explication). The experiment also highlights the significance of Wheeler and other
proposers of the projection, so as to test the nature of the microscopic particles through
quantum experiments. It can be seen that Wheeler's delayed-choice experiment allows for
the unification of explanation, explication, and meaning projection.

Indeed, this experiment will reveal that quantum matter involves the fusion of
horizons. According to Gadamer, the horizon is the region of vision that encompasses and
embraces all that is seen from a given foothold. Thus, in this experiment, “horizon” can
be defined as “the area through which light passes.” The horizon is everything that can
be seen from a certain foothold.

The light passing through the first beam splitter (H1 in Fig. 1) is fitted into the past
horizon, which can be summarized as: past light + fixed measurement device — past
horizon, where “fixed measurement device” refers to H1 and its related devices (including
the light path). The past horizon formed by the first beam splitter is actually a reversible
quantum world.

At the end of the detector, the light passes through the second beam splitter to form
the present horizon, which can be summarized as: present light + changing measurement
device — present horizon, where “changing measurement device” refers to whether H2
is inserted or not and its related devices (including the light path). The “present horizon”
is the area formed by the present light through the changing device (the insertion or
removal of the second beam splitter). The present field of view formed by the insertion
or non-insertion of the second beam splitter is actually an irreversible classical world.

The existence of microscopic particles is formed by the “superposition” of the
above two horizons.

(past light + fixed measuring device) + (present light + variable measuring device)
— (past horizon + present horizon)

The above equation can be simplified as:

Light + delayed choice of measuring device — whole horizon — horizon in the
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wave or particle state — result of classical measurement (wave or particle nature)

The horizon of the past and the horizon of the present are formed into a whole
horizon. Light in the past is an unfinished light, and it cannot simply be said that light in
the past has wave or particle nature. Light is open, and until classical measurements are
completed, it cannot be said what classical properties (wave or particle) it has. In delayed
choice experiments, the fusion of the past horizon with the present horizon produces a
classical measurement of a different nature.

For the delayed-choice experiment, Wheeler also suggested that “the present will
affect the past,” saying, “In this sense, we have a strange inversion of the normal order of
time. Now we have the right to say that moving the mirror in or out has an unavoidable
effect on the already past history of the photon.” He adds, “ 'Past' is just a theoretical word.
In reality, there is no 'past’ that exists unless it is recorded in the present. The kind of
quantum device we use to place this point in the present will have an undeniable effect
on what we call the 'past”™ (Fang, 1982, p. 13). In terms of the fusion of horizons, the
fusion of the present horizon with the past horizon does not mean that the present horizon
participates in the past horizon, but rather that the present horizon is connected to the past
horizon by way of an iterative nature and without a clear demarcation region, ultimately
connecting with the classical measuring device to realize the irreversible measurement of
light. The past horizon is indeterminate, and the determinism of the present horizon makes
the past horizon determinate, thus making the whole horizon determinate.

There is an ambiguous space between the beam splitters H1 and H2, which is what
Wheeler calls the “dragon” whose “head” and “tail” are clear and whose center is unclear,
which indicates that: This ambiguous space is the region where the two horizons overlap,
and there is uncertainty. But away from this iterative region, “past” and “present” are still
clear.

Effective History of Quantum Matter

Delayed choice experiments show that the photon is not a classical particle, nor is
it a classical wave, the photon is an unfinished quantum being, it is not a fixed classical
being, and the photon is characterized by an effect history.

The effective history is an important feature of hermeneutics, as Gadamer (2004)
says:

The true historical object is not an object at all, but the unity of the one and the
other, a relationship that constitutes both the reality of history and the reality of
historical understanding.46 A hermeneutics adequate to the subject matter would
have to demonstrate the reality and efficacy of history within understanding itself.
I shall refer to this as ‘history of effect’. Understanding is, essentially, a
historically effected event. (p. 299)

For Gadamer, history is not nothingness, not a fixed object, but a reality revealed in
relation.

Suppose we set a point x (not labeled in Fig. 1) anywhere on the light path between
HI1 and H2 of Fig. 1 (the reciprocal point of the 2a and 2b light paths), can we then say
that the photon's past has been decided once the photon reaches the point x? Obviously
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not. Because until the photon is converted into a classical being (i.e., after the photon has
not passed through H2), light is reversible and does not exist in a classical manner, but in
a quantum state. That is, the past horizon is reversible and not fixed; the present horizon
has classical determinism due to quantum measurements. Thus, as the past horizon and
the present horizon expand and intermingle, there is a region of overlap between them. In
this region of overlap, the past and present horizons intermingle to form part of the overall
horizon, and it is in the region of overlap that the present changes the past and transforms
the reversibility of the past into irreversibility, thus making the entire domain of vision
deterministic. In other words, the being of the photon at HI depends on the being of the
photon at H2, and similarly, the being of the photon at H2 depends on the being of the
photon at H1. The expression “the present will influence the past” is one-sided; the correct
expression is: “the present and the past together influence (the nature of things).”

In the delayed choice experiment, the “past horizon” of the photon becomes an
unfinished history, a reversible quantum being, and only after the quantum measurement
is transformed into a classical being, the “present horizon” interacts with the “past
horizon,” and the photon becomes an irreversible classical object. Only after the quantum
measurement is transformed into classical being, and the “present horizon™ interacts with
the “past horizon,” the photon becomes an irreversible classical object. In other words,
the “past” reality of the contemporary photon and the “present” reality will be overlaid
and fused to form the “whole” reality of the photon, which is the reality of the photon,
and it is precisely a “past” and “present” reality. This is the photon's reality, and it is the
process of iterating the horizon (forming the whole field of view) that creates the total
effect.

Of observation, the physicist Wheeler (1994) once said,

C

what is ‘observership’? It is too early to answer. Then why the word? The main
point here is to have a word that is not defined and never will be defined until that
day when one sees much more clearly than one does now (except in the foregoing
obvious instance) how the observations of all participators, past, present, and
future, join together to define what we call ‘reality.”” (p. 43)

Without present observation, past realities are indeterminate, and it is only when
present observation transforms past realities into determinations, they together constitute,
in turn, overall reality. In quantum mechanics, the result obtained from a microscopic
object to a measurement is an effect history, the result of the interaction between past and
present. The photon is an unfinished “text” that exists historically, and we can understand
it only from a historical perspective and a holistic perspective.

When we say that the photon is effective-historical, we do not deny that the photon
itself has an intrinsic nature. Effective history does not mean the denial of the past, but
means that the present and the past together construct history. What is meant by history
is the overall effect of the event itself and its meaning. The photon itself has an intrinsic
nature; it is the unity of entity and historical effect. A photon is the photon itself and its
physical meaning as a whole.

The reason why quantum measurement of quantum mechanics becomes a difficult
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problem is that the process of quantum measurement is an overlay of the past horizon and
the present horizon formed by the measuring instrument, which is a process of fusion of
horizons and a process of effective history, which is not involved in classical measurement.
In the quantum measurement process, there is a unity of explanation, explication and
meaning-projection.
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Abstract

Hermeneutics traditionally revolves around human experiences and sense-making, often considered distinct
from the scientific and technological realms of non-human experimentation and tool-making. This contrast
between the humane and the artifactual or the natural, associated with understanding and interpretation on
the side of the former and control and experimentation on the other, creates what might be termed a
Diltheyan wound. This paper aims to find a remedy for this wound by revealing the affinity between two
pivotal concepts in engineering and the humanities: the feedback mechanism and the hermeneutical circle.
Investigating their relationship at historical and conceptual levels, we find that both concepts trace back to
ancient times but they both flourish in early 19th-century modern Europe. While historical synchronicity
doesn't inherently imply direct influence or constitutive interaction, conceptual analysis unveils their shared
abstract theme of “circular causality,” making them affinitive to each other. Both incorporate errors and
misunderstandings within closed loops of cause-and-effect relationships, seeking equilibrium in an open-
ended process. Despite their stability, they dynamically adapt to new conditions, accommodating multi-
stable configurations. With these historical and conceptual similarities in mind, the question of priority
arises: did the feedback mechanism precede the hermeneutical circle, or vice versa? Can we make a
meaningful argument for their historical or cognitive precedence over each other? At the very least, an
“elective affinity” is discernible — a term borrowed from Weber's seminal exploration of the relationship
between Protestantism and Capitalism. We can substitute this chemical metaphor with a cybernetic one,
envisioning both concepts entangled in a “closed sequence of cause-and-effect relationships.”
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AHHOTANUA

I'epmeneBTHKA TPaAUIUOHHO BpALIAETCsl BOKPYT YEIOBEYECKOTO OMNBITA U OCMBICIECHHUS, KOTOPBIE YaCTO
CUNTAIOTCS OTJIIMYHBIMH OT HAayYHOM M TEXHOJOTHYECKOH c(epbl 3KCHEPHUMEHTOB W H3TOTOBJICHHS
MHCTPYMEHTOB. DTOT KOHTPACT MEXKAY YE€IOBEYECKUM U MCKYCCTBEHHBIM MIIH €CTECTBEHHBIM, CBA3AHHBIN
C NOHUMAaHNUEM U UHTEPIIPETALUEN C OAHOI CTOPOHBI M KOHTPOJIEM U DKCIEPUMEHTUPOBAHUEM C APYTOH,
CO3/aeT TO, YTO MOXKHO ObUTO Obl Ha3BaTh pa3peiBoM Jluiabres. lleipr0 MaHHOW CTAaThH SBIISCTCS
HaXOKICHUE CPECTBA NMPEOJOJTCHUS ITOTO Pa3phlBa C MOMOIIBIO PACKPBITHA POJCTBA MEXKAY IBYMS
KJIFOUEBBIMM KOHIIETIUAMH B HMH)KCHEPHUH M T'yMaHUTApHBIX HayKax: MEXaHH3MOM OOpaTHON CBS3U U
TrepMEHEBTHUECKUM KpyroM. Mccienys Ux B3aUMOCBA3b HA HCTOPUYECKOM U KOHIENTYalbHOM YPOBHSX,
MBIl OOHApYKHMBaeM, YTO 00€¢ KOHIENIMH BOCXOIAT K JIPEBHUM BpEeMeHaM, HO 00€ OHHU MPOLBETAIOT B
coBpeMeHHOM EBpone Hauana XIX Bexka. XOTS UCTOpUYECKas CHHXPOHHOCTb IO CBOEH CYTU HE
HNOJpa3yMeBaeT MPSIMOTO BIMAHUS WIM KOHCTHUTYTUBHOTO B3aMMOJEHCTBHs, KOHIENTYaJIbHBII aHAIU3
packpbIBaeT MX OOIIyI0 a0CTPAKTHYIO TeMy “KpYroBOW MPUYMHHOCTH, JeJas WX POJCTBEHHBIMH JAPYT
napyry. O6a BKIIIOYAIOT OIIMOKHM M HEIOTIOHUMAHUSI B 3aMKHYThI€ TTETJIH TPUYUHHO-CJICACTBEHHBIX CBSI3EH,
CTPEMSCh K PaBHOBECHIO B OTKPHITOM Tporecce. HecMoTps Ha CBOIO cTaOWIIBHOCTB, OHH JAWHAMUYHO
QIaNTUPYIOTCS K HOBBIM YCIIOBHSIM, NPHCIOCAONIMBAsCh K MYJIBTUCTAOWIBHBIM KOH(HUTYpalUsIM.
VYuutreiBasg 5TH HMCTOPUYECKHUE M KOHLENTYallbHBIE CXOJCTBA, BO3HUKAET BONPOC O IPHOPUTETE:
MIPE/IIECTBOBAI JIN MEXaHN3M OOpaTHOI CBA3M repMEHEBTHYECKOMY KPYTY WM Ha000poT? MOsKeM JIH MBI
MIPUBECTH 3HAUYUMBIE aPTYMEHTBHI B ITOJIB3Yy X HCTOPUYECKOTO MIIM KOTHUTUBHOTO ITPEBOCXO/ICTBA APYT HAJ
npyrom? Tlo kpaifHed Mepe, paznuuuma “n30uparenbHOe CPOACTBO” — TEPMHUH, 3aMMCTBOBAaHHBIA W3
TUIOIOTBOPHOTO HCCieloBaHUs BeGepom OTHOMICHMH MeXIy MPOTECTAHTU3MOM M KalUTATHM3MOM. MBI
MOXXEM 3aMEHHMTh 3Ty XHMHYECKyl0 MeTadopy KHOepHeTHYecKoil, mpencTaBisis 00€ KOHIeINU
3alyTaHHBIMU B “3aMKHYTOH MOCJIE10BaTEIbHOCTH MPUYMHHO-CIIEICTBEHHBIX CBA3CH .

KuroueBble cioBa: Mexanusm obpaTHoi cBsizu; ['epmeneBTuueckuit kpyr; Kpyrosas
npuurHHOCTh; KnbepHeruka; Perymnsrop

BuaaronapHocts Pannsst Bepcus 310l paboThI ObliIa IpeICTaBIeHa Ha BTOPOM MEKIYHAPOIHOM CEMUHApE
10 TePMEHEBTUKE HAayKH M TeXHUKH B Kurae. Sl xoren Obl BBIpasHTh CBOIO OJlarojapHOCTb Anbhpeny
HopamanHy 3a ero KOMMEHTapHUU U MOJAEPIKKY
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INTRODUCTION

The essence of humanity lies in the quest for meaning, a pursuit that takes various
forms. As humans, we achieve understanding through interpretation — whether it be
comprehending texts, attributing intentions to ourselves and others when interacting with
fellow humans, or assigning meaning to the world and its objects, which inherently lack
intrinsic significance. This process of sense-making distinguishes the humane from both
the natural and the artificial, giving rise to the Diltheyan dichotomy of understanding
(Verstehen) and explanation (Erkldren), separating human sciences from natural sciences,
as elucidated by Ihde (2010) in what he terms the “Diltheyan divide.” This division echoes
the Cartesian dichotomy of mind and body, where they are conceived so distant from each
other that their very interaction turns into a formidable problem, termed by Deacon (2011)
as the “Cartesian wound.” Inspired by Ihde's and Deacon's terminology, we might
diagnose a “Diltheyan wound” and pose the question: how can human sciences and
natural sciences interact peacefully? Is there any actual interaction between them? My
affirmative response focuses on exploring their commonalities. In the realm of natural
and engineering sciences, we encounter the concept of “feedback mechanism,” while in
the humanities, the concept of the “hermeneutical circle” prevails. Through historical and
conceptual analysis, we can reveal a shared theme: both concepts grapple with the
intricate interdependence of entities that serve as both causes and effects simultaneously.

In presenting my argument, I begin by providing an exposition of the concept of the
feedback mechanism and its historical development. Subsequently, I articulate the notion
of the hermeneutical circle and trace its historical evolution. Through a comparative
analysis of their histories, I highlight their simultaneous flourishing during the early 19th
century. In the conceptual comparison, I contend that circular causality serves as the
overarching abstraction, acting as a unifying theme, or tertium comparationis, for both. |
conclude by posing a pivotal question: within their relationship, which one takes
precedence? Is there a meaningful basis for prioritizing one over the other, be it through
historical precedence or cognitive significance?

FEEDBACK MECHANISMS: CONCEPT AND HISTORY

Feedback mechanisms have a long history, yet the conceptual framework is
relatively recent. Currently, it has seamlessly integrated into our everyday language,
functioning as a loanword across numerous languages. The commonplace act of seeking
“feedback” and offering it to others might seem trivial, but it has not been always so
natural. This technical term has originated from within the field of engineering. Wiener,
a key figure in popularizing the term, defines feedback as “a method of controlling a
system by reinserting into it the results of its past performance” (Wiener, 1959/1990, p.
61). The feedback mechanism harnesses a loop between input and output to steer or
regulate a system. The design need not be intricate. As Wiener notes, “Feedback may be
as simple as that of the common reflex, or it may be a higher order feedback, in which
past experience is used not only to regulate specific movements but also whole policies
of behavior” (p. 33). While circularity is fundamental, not all circular processes qualify
as feedback in the technical meaning. Feedback mechanisms are inherently goal-oriented
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and serve the purpose of controlling a system. A classic illustration is the thermostat,
which controls the temperature of a room.

For humanists, the concept of control is a red flag and may raise concerns,
potentially highlighting a strained relationship and reopening what I referred to as the
Diltheyan wound. However, in the context of the feedback mechanism, the notion of
control does not and should not carry negative connotations. Feedback mechanisms are
goal-oriented, but these goals are interpreted by humans and are susceptible to change.

Whether in the form of tangible artifacts or conceptual models, simple or complex,
feedback mechanisms can serve as valuable tools for modeling, studying, or constructing
systems, ranging from living organisms and human societies to brains, minds, and robots.
The systematic exploration and application of them reached its pinnacle in the 20th
century under the terms of Control Engineering and “Cybernetics” — coined by Wiener!
to mean the art of navigation toward a goal or the art of taking control

We have decided to call the entire field of control and communication theory,
whether in the machine or in the animal, by the name Cybernetics, which we form
from the Greek yvfepvitng or steersman. In choosing this term, we wish to
recognize that the first significant paper on feedback mechanisms is an article on
governors, which was published by Clerk Maxwell in 1868, and that governor is
derived from a Latin corruption of yvfepvntnc. We also wish to refer to the fact
that the steering engines of a ship are indeed one of the earliest and best-developed
forms of feedback mechanisms.” (Wiener, 1948/2019, p. 23)

Cybernetic ideas have notably affected various scientific and technological fields —
such as engineering, physiology, psychology, artificial intelligence, and alike — their
influence also extends into the realm of humans — most notably the postmodern and
countercultural movements. Nevertheless, like many profound concepts, the roots of
cybernetic ideas trace back to ancient times.

The task of identifying and individuating historical instances of feedback
mechanisms from the past is a serious challenge. This challenge is common in historical
research due to the discrepancies in conceptual repertoire across different ages. To avoid
anachronistic errors, a viable approach involves narrating a developmental story that
reconstructs the past in light of the present, pinpointing pivotal moments of inception.
While microbes existed in the world, it was Pasteur who elevated them to human
awareness, establishing them as indispensable actors in our modern world. Evolutionary
concepts predated Darwin, yet it was he who wove together a network of people,
evidence, analogies, and narratives to articulate a compelling theory of evolution.
Similarly, although feedback loops were inherent in various natural and artificial
processes, their acknowledgment in the consciousness of humans only materialized in the

! This is not a totally new term, not at least in French. As Latil (1957) writes, “Strange as it may seem,
this word appears in the Littre dictionary: Cybernetics—Name given by Ampere to the branch of politics
which is concerned with the means of government.” (p. 15) Even Ampere did not coin the term in 1834.
He borrowed it from Greek: “The word is even employed as a substantive, with the meaning “science of
piloting”, by Plato, who puts it in the mouth of Socrates: “Cybernetics saves souls, bodies and material
possessions from the gravest dangers (Gorgias, 511)” (p. 16).
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19th century — a developmental story that I would tell according to Mayr (1970) which
remains almost unique in narrating the origins of feedback mechanisms.

In his unique exploration, Mayr outlines criteria for identification of feedback.
Firstly, there must exist a command signal and a controlled variable. Secondly, there
should be a closed-loop relationship between command and control with negative
feedback. Thirdly, it should be possible to identify a sensor for detecting the controlled
variable and a comparator for gauging the actual controlled variable against the desired
value, and at least one of these two elements should be physically distinct. Applying these
criteria, Mayr identifies three ancestral lines in the evolution of feedback: the water clock
from the Hellenic period, the 17th-century thermostat in Europe, and the mechanisms of
controlling windmills up to the end of 18th century.

According to Mayr, the water clock stands out as the oldest device embodying a
feedback mechanism, with a history dating back to ancient times. A notable example is
attributed to Ktesibios? in third-century BC Greece.? At the core of this water clock lies a
float valve designed to regulate water flow. In this setup, a cone floats on the water's
surface within a small vessel. Water enters from above and exits the vessel through a hole
in the wall. The floating cone serves as a sensor,” reacting to the water level. If the level
is too high, it rises to close the inflow; if too low, it descends to open it. The inflow of
water both causes variations in the water level and is influenced by that very level,
creating a closed sequence of cause-and-effect. Maintaining a constant water level results
in a steady outflow, making it an effective time-measuring device. Beyond timekeeping,
feedback mechanisms embedded in water clocks can serve various other purposes, like
empowering automata.

Another notable gadget is an oil lamp credited to Philon of Byzantium, an inventor
from a generation following Ktesibios. Unlike the water clock, Philon's oil lamp operates
based on hydraulic principles, but without a floating element. Instead, it incorporates the
dynamics of air pressure and vacuum. This ingenious mechanism has found application
throughout history, with inventors such as Heron of Alexandria (first century AD), Banu
Musa brothers (9th century), da Vinci (15th century), Leurechon (16th century), and,
more recently, in modern agriculture, specifically in drinking troughs for animals (See
Mayr, 1970, p. 18).

The final feedback mechanism from the Hellenic period highlighted by Mayr is a
wine-dispenser crafted by Heron, an inventor from Alexandria renowned for his treatise
named Prneumatica. Resembling the float valve of Ketebsios, Heron’s device introduces
an innovation: “the complete separation of the functions of sensing (float) and that of
control action (valve); through this the system has become formally a feedback system in
the modern sense” (Mayr, 1970, p. 21). This mechanism has a counterpart in today's toilet
flush tanks.

Mayr examines similar feedback mechanisms in the Islamic golden age, notably
those described by Banu-musa brothers (9th century), Al-Jazari (12th century), and Al-

2 His name is also written as Ctesibius.

3 A great reconstruction of this clock can be visited in the Deutsches Museum in Munich.

4 Mayr says the bottom of the cone is the sensor and the top of it is the actuator. This distinction is made
to meet his criteria for defining a feedback system. I will return to this point.
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Khurasani (13th century). Some well-known examples include the tower clock in Gaza,
which had vestigial features from the Hellenic period. According to Mayr, despite minor
adjustments, these mechanisms in the Islamic world bear no substantial difference from
those of the Hellenic era. It was in Europe that new mechanical feedback mechanisms
truly thrived.

Mayr (1970) asserts, “The first feedback system to be invented in modern Europe
and independently of ancient models is the temperature regulator of Cornelis Drebbel
(1572-1633) of Alkmaar, Holland” (p. 55). Drebbel, according to Mayr, comprehended
the fundamental principles of feedback and applied them practically. Mayr goes on to
claim that, “According to all available evidence Drebbel must be regarded as the inventor
of temperature regulation and hence as the inventor of the first feedback mechanism of
the West” (p. 55). Drebbel's invention was well-known in 17th century Europe,
acknowledged by figures like Boyle and Hooker, and documented in the transactions of
the Royal Society. Drebbel's mechanism aligns with Mayr's threefold criteria, as it senses
temperature by gauging the pressure of smoke and heat produced by the furnace's fire. It
has a recognizable path for negative feedback, utilizing levers to regulate the fuel valve
and maintain the desired temperature. This innovative configuration could be applied to
control chemical reactions or facilitate chicken hatching. Remaur (17th century), a French
physicist who contributed to the development of thermostat, describes Drebbel's
mechanism as “making use of these degrees of heat against themselves, so as to cause
them to destroy themselves” (as cited in Mayr, 1970, p. 68).

Mayr identifies the third and final ancestral line of feedback in the mechanisms
developed for controlling windmills during the 17th and 18th centuries. Windmills
presented the challenge of controlling various variables such as the rate of grain input,
the speed of the grinders, the distance between grinder stones, the orientation of the mill
toward the wind, and the force of the wind on the sails. In response, different mechanisms
were devised in Europe to regulate these interconnected variables. Notably, there emerged
a speed regulation mechanism anticipating Watt's governor. Mayr (1970) notes, “A new
idea was grasped with enthusiasm and imagination, but it was not always cultivated to
the stage of maturity. It was only in another field, the steam engine, that the idea of
feedback control became historically effective” (p. 108).

Watt's Governor, also known as the centrifugal governor, served as a regulating
device for steam engines. It consisted of two interconnected centrifugal pendulums,
sometimes referred to as “flying” pendulums. These pendulums rotated in response to the
engine's motion, either spreading apart or coming close due to centrifugal force. This
movement effectively sensed the speed of the engine. Utilizing levers, through a path for
negative feedback, the governor controlled the steam valve, thereby regulating the
engine's speed in response to any fluctuations. Beyond its mechanical ingenuity, Watt's
governor possessed a visually captivating quality, making it one of the most iconic images
in the history of technology. However, interestingly, Watt himself might not have fully
grasped the impact of the device that bore his name. As Mayr (1970) points out, “One and
a half centuries later, when feedback came to be regarded as a key concept not only in
industrial but also in sociological matters, the character of technology had changed far
beyond anything Watt could have imagined” (p. 113).
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The significance for our current discussion lies not in the technical intricacies of
Watt's Governor but in its profound impact on society and culture. By the turn of the 19th
century, the widespread use of the centrifugal governor contributed to the integration of
the feedback concept into “the consciousness of the engineering world” (Mayr, 1970, p.
109). While Mayr has elsewhere explored the intricate interplay of technology,
economics, and politics (see Mayr, 1971 and Mayr, 1989), he does not extend his
historical account into the realm of humanities, which constitutes the aspiration of this
paper.

Before delving into hermeneutics, it's essential to loosen the tight constraints of
Mayr's threefold criteria. Flexibility in our conception would prepare us for the
exploration of the conceptual and historical connections between feedback mechanisms
and hermeneutics, potentially uncovering shared principles and influences.

Mayr, according to his rigid account, dismisses several mechanisms that others
consider as feedback devices. In a footnote, he names inventions like the south-pointing
chariot of ancient China, the mill-hopper, the fly-wheel with centrifugal weights, and
Huygens’ centrifugal pendulum, as “erroneously” labeled by others as feedback devices
(see Mayr, 1970, p. 133). Mayr's concerns can be summarized in two main worries.
Firstly, he emphasizes that human action should not be part of the feedback loop. He
believes that the inclusion of human contribution might result in an overly inclusive
definition of feedback, potentially covering a broad spectrum of systems. Secondly, Mayr
asserts that for a device to be considered feedback, it should be “designed” or “intended”
to function as such.

Considering the Chinese south-pointing chariot, Mayr says that it has been labeled
by Joseph Needham as the first homeostatic device.® It has two wheels on a single rod
connected to a pointing device through a gearing mechanism. The pointing device
remains stable in relation to the road, resembling a mechanical compass. While designed
to be self-regulatory, Mayr rejects this as feedback due to its reliance on human
involvement — the chariot driver consulting the mechanical compass to guide the chariot.
An objection to Mayr's stance arises by appreciating two key points. First, Mayr's
objection assumes that the desired goal is to steer the chariot. However, one might argue
that the goal is to maintain the direction of the pointing device, not necessarily the chariot
itself. Second, there's room to interpret human actions in terms of feedback, not only loops
within the brain’s neural networks but also in the loops of interaction between the body
and its surroundings, which blurs the boundaries of humans and machines.® Moreover,
even the most complex feedback systems involve human factors at some point or level.

5 Joseph Needham, a renowned biochemist and Sinologist, is indeed widely recognized for his
monumental work, “Science and Civilization in China.” This multi-volume series, started in 1954,
provides an extensive exploration of the history of science and technology in China. In another influential
work, Needham, along with Wang Ling and Derek J. de Solla Price, assert that mechanical clocks
originated in China rather than Europe. (see Needham et al., 1960). Unfortunately, this cannot be pursued
within the scope of this paper.

® The coupling between mind, brain, body, artefacts, and the environment is increasingly appreciated in
cognitive science (Varela et al., 2017; Clark, 2001; Newen et al., 2018;), Archaeology (Malafouris, 2013),
and philosophy of technology (Ihde & Malafouris, 2019), to name but a few trends.
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In other words, from the viewpoint of feedback, the human and machine can be seen as
symmetrical or in Latour’s terminology actants.

Another mechanism that does not align with Mayr's stringent criteria is the mill-
hopper (baille-ble in French). Latil (1957), in his influential book aimed at introducing
cybernetic ideas to the French public, presents it as the oldest example of a feedback
mechanism predating Watt's governor. He writes,

Here was a governor ante-dating that of Watt by at least two centuries. The grain
distributor has always been called a “baille-ble” and consists of a wooden chute
which guides and delivers the stream of grain. The end of this chute rests directly
on the driving shaft of the mill, which at this point is squared or encased in a more
or less square box whose edges are strengthened with metal. At every revolution
the “baille-ble” received four knocks, each of which makes some grain fall out. In
modern mills this principle is termed a “shock distributor.” When the wind
increases, the mill turns more rapidly and will receive more grain; with less wind,
the feed will be diminished. (Latil, 1957, p. 117)

This is an ingenious simple feedback system. However, Mayr excludes the mill-
hopper from the category of feedback mechanisms, stating, “The property of self-
regulation is inherent to them. It is not the result of deliberate design, as would be the
case if the comparator, the feedback path, or the sensing device could be identified as
physically distinct elements. All this makes it clear that the mill-hopper has no significant
place in the history of feedback control” (Mayr, 1970, p. 93). Mayr's concern revolves
around the absence of deliberate design, presupposing that deliberate design of feedback
mechanism necessitates the use of separate sensors and actuators functioning along a
feedback path. However, this demand may be overly stringent, even for the centrifugal
governor. Ironically, formalizing the dynamics of the governor into a neat measure-
compare-adjust framework proves challenging, if not impossible. Instead, its dynamics
find the best expression in differential equations, inspiring the Dynamical System
approach (Port & Van Gelder, 1998; Thelen & Smith, 2002) to model human cognition
and action within a dynamic framework. As Bermudez (2020) summarizes, “It is a
coupled system that displays a simple version of attractor dynamics, because it contains
basins of attraction. Unlike the computational governor, it does not involve any
representation, computation, or decomposable subsystems.” (p. 156). In a nutshell, even
the governor is not deliberately designed with separate sensors, comparators, and
actuators and cannot pass Mayr’s filter.

While Mayr's concern about the vacuity of a concept with too many instances is
valid, there's also a risk in overly limiting the scope of the concept. Defining feedback
requires a nuanced approach that acknowledges the complexity of systems. However, the
identification of feedback should not solely rely on the inherent properties of a system,
nor should it be confined to the intentions of its designers or builders. A more flexible
account of feedback is needed. In the context of our current discussion, I refer to the
definition of feedback as outlined in a contemporary and reputable control engineering
textbook: “Feedback exists whenever there is a closed sequence of cause-and-effect
relationships.” (Golnaraghi & Kuo, 2017, p. 13). Importantly, the authors stress that the
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feedback need not be exclusively physical, enabling the modeling of ostensibly non-
feedback systems within a feedback framework. This broad and inclusive perspective
facilitates the recognition of a wider range of systems as instances of feedback — for
example, the hermeneutical circle.

HERMENEUTICAL CIRCLE: CONCEPT AND HISTORY

Hermeneutics, the art or philosophy of interpretation, has a range of meanings and
applications. At any rate, a central skill in hermeneutics is navigating the hermeneutical
circle. As elucidated by George, “On the one hand, it is necessary to understand a text as
a whole in order properly to understand any of its parts. On the other hand, however, it is
necessary to understand the text in each of its parts in order to understand it as a whole.”
(George, 2021) This is a circle not only between the whole and the parts of the text, but
also between the reader and the text. The interpreter's mindset, influenced by initial
expectations and experiences, shapes the interpretation of the text. This, in turn, alters the
interpreter's expectations and experiences, perpetuating an iterative cycle. This process,
marked by its open-ended and infinite nature, culminates in what Gadamer famously
terms the “fusion of horizons” (Gadamer, 2004).

The circularity inherent in the hermeneutical circle extends beyond the relationship
between the whole of a text and its parts or a reader and a text. It extends to the
introspective relationship within an individual, leading to a self-referential interpretive
task (as spelled out by Heidegger), or the conversations between oneself and others
(Rorty, 1979), or the I-Thou relations with objects or loved ones or spiritual connections
between humans and the divine (Buber, 1970). Moreover, this circular process might
extend to relationships between humans and machines (Grunwald et al., 2023). In each
of these applications, the hermeneutical circle not only describes but also prescribes an
open-ended and purposeful interplay, emphasizing the ongoing nature of interpretation
and understanding.

The hermeneutic circle, like any profound concept, has a historical lineage. In
ancient Rhetoric, as expounded by thinkers like Plato and Aristotle, the dynamic interplay
between the whole and its parts is acknowledged in the composition and understanding
of texts (see Grondin, 2015, p. 300). This circular engagement may be perceived as a
necessity primarily for novice readers grappling with complex treatises, necessitating a
back-and-forth exploration until a comprehensive understanding of the whole is achieved.
In this perspective, the meaning of the text is presumed to be readily available to
experienced readers, with the circular process serving as a crutch for beginners.
Conversely, others argue that this cyclic engagement is indispensable and influences both
novices and experts alike. Grondin, following a historical overview of the hermeneutical
circle in ancient rhetoric, claims that this circle is mostly descriptive and turns into a
philosophical “problem” in the early nineteenth century. As he writes,

The first author to speak explicitly of a “hermeneutic circle” was in all likelihood
the German classical philologist A. Boeckh (1785—-1867): alluding in his lectures
of 1809 to the different types of interpretation (Auslegungsarten), for instance, the
grammatical and the historical, he says that the “hermeneutische Cirkel” between
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them cannot be entirely avoided (Boeckh 1966, 102; Teichert 2004, 1342). He
influenced the Protestant theologian Schleiermacher (1768—1834), who spoke
extensively of the “circle” of the whole and the parts in understanding (without,
however, using the expression h. circle). (Grondin, 2015, pp. 300-301)

In regard to our discussion, the intriguing historical fact lies in the simultaneous
emergence of the concept of the hermeneutical circle and feedback in the early 19th
century Europe. While my brief historical sketch falls short of establishing a direct
relationship between the two, it is noteworthy that the notion of circularity in
hermeneutics undergoes a transformation throughout the 19th and 20th centuries. As
noted by Grondin, “The point of classical, methodical hermeneutics was indeed to avoid
the hermeneutical circle of an interpretation that would be tainted by its presuppositions,
premises, or erroneous assumptions about the whole or the intent of a work.” (Grondin,
2015, p. 299) Accordingly, two contrasting attitudes toward the hermeneutical circle are
distinguishable: conservative and progressive. The conservative perspective views the
circle as potentially vicious or, at best, a mere aid, posing a threat to the objectivity of
understanding in the humanities, contrasting with the apparent stability enjoyed by exact
sciences. Conversely, the progressive perspective sees the hermeneutical circle as
virtuous and constructive. As Grodin explains, “the key is not to escape the hermeneutical
circle, but, following Heidegger’s famous phrase, to enter into it in the right way.” (ibid).
All inferences involve this kind of circularity. As Goodman (1983) writes, “This looks
flagrantly circular...But this circle is a virtuous one...4 rule is amended if it yields an
inference we are unwilling to accept; an inference is rejected if it violates a rule we are
unwilling to amend” (p. 64). It is noteworthy that a similar contrast can be observed in
the realm of feedback mechanisms. A “conservative” feedback mechanism is any pre-
programmed self-regulating device with a fixed goal, such as a thermostat maintaining a
constant temperature, or any device acting with a centralized command center. On the
other hand, “progressive” feedback allows for adaptability and change in goals and
programs, exemplified by a cat dynamically chasing a mouse, or any system capable of
self-organization without any central authority. In any case, conservative or progressive,
we can discern a common theme. The key insight is in conceptualizing the notions of
feedback mechanisms and the hermeneutical circle in more abstract terms, which I term
“circular causality.”

CIRCULAR CAUSALITY: THE TERTIUM COMPARATIONIS

One of the most enduring challenges in philosophy is the concept of causality.
Philosophical perspectives on causality range from complete rejection to rigorous logical
formalizations. Questions surrounding causation often delve into issues of necessity,
universality, linearity, reversibility, and more. For the present discussion, the emphasis
will be on exploring the aspect of linearity.

In Medieval Islamic Philosophy, a well-known philosophical principle was
established as “the impossibility of circular causality.” It was argued for by many.
Avicenna, for instance, argued against circular causality using reductio ad absurdum. He
invoked another principle stating that “the effect always comes after its cause.” If circular
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causality were to exist, it would imply effects simultaneously preceding and succeeding
their causes, leading to an untenable situation. Similar arguments against circular
causality are found in theology, where Aquinas's well-known “argument of the first cause”
for the existence of God relies on the assertion that “nothing can be the cause of itself
because nothing can exist before itself.” Notably, both arguments reject circular causality
based on a linear conception that hinges on the temporal sequence of cause and effect,
asserting that nothing can be the cause of itself since nothing can precede its own
existence. This is akin to the well-known fact that an individual cannot lift oneself out of
a swamp by pulling their bootstraps.

This line of reasoning leads to various conclusions: the necessity for a complex
system to be preceded by an even more complex one, the necessity for the universe to be
created or designed by an intelligent designer, and the necessity of the spirit for being
human and the vital force for being alive. The overarching theme is similar to the claim
that no machine can exhibit intelligent behavior without “a ghost in the machine.” While
these assertions were once persuasive, they gradually lost their potency with the
emergence of feedback mechanisms, serving as a material reductio ad absurdum against
the previously entrenched formal principle of the impossibility of circular causality. In
other words, the flourishing of feedback mechanisms allowed machines to assert
“autonomy” — which is “a fancy word for self-control” (Dennett, 1995, p. 366). This new
material model with its manifest autonomous behavior paved the way for the construction
of new mental models and new causal principles.

Instead of rejecting the possibility of circular causality on logical grounds, modern
people could actually build configurations in which cause and effect were in circular
relation. Of course, this kind of configuration was not alien to ancient people. Those who
have attempted to construct a survival shelter using just wooden sticks arranged in a
pyramid-like structure understand the phenomenon of causations interlocked: Erecting
one stick after another seems impossible, but when they engage in a causal relationship
in the correct manner, with precise timing, they can lean on each other, remaining stably
erected without a single stick being the sole cause or effect.” In this configuration, they
mutually support each other within closed loops of cause-and-effect relationships.
However, this simple configuration was not worthy of being the foundation of causal
conceptions. Complex feedback loops changed the scene. They have a similarly simple
but miraculous effect, resulting in intertwined coupled systems of “circular causality”. In
the 19" century, the magical bootstrapping effect of feedback was increasingly
appreciated in theory and practice: more complex systems might emerge out of less
complex ones, the universe might have been structured without any demiurge, and the
organic world might have been designed without any designer.2 With the rise of feedback

" Hofstadter (2008) delves into similar configurations in his intriguing exploration of loops. One example
he discusses is the common trick of sealing a cardboard box by folding its four flaps over each other in a
sort of “circular fashion.”

81n 1858, Alfred Russel Wallace likened “natural selection” to the workings of the centrifugal governor.
Bateson (1979) claims, “If it had been Wallace instead of Darwin, we would have had a very different
theory of evolution today. The whole cybernetics movement might have occurred 100 years earlier as a
result of Wallace's comparison between the steam engine with a governor and the process of natural
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mechanisms, the practical achievements displaced and re-shaped the entrenched
theoretical beliefs — not only in Engineering but also in Humanities.

The linear conception of causality has a counterpart in the realm of interpretation
and understanding: Traditional doctrines, such as Plato's theory of recollection, assume
that understanding is possible because we already possess the necessary knowledge in
hidden forms inherited from our previous lives. Knowledge is viewed as the totality of
justified true beliefs. The Socratic method may be seen as not contributing anything
inherently new to the knowledge already present in implicit forms; it merely brings it to
explicit awareness. In this view, the world of Forms and Ideas is static and fixed, dormant
waiting to be known. However, the hermeneutical circle, particularly in its progressive
form, challenges this static and linear conception. The process of understanding,
according to the hermeneutical circle, starts with ignorance and prejudice but gradually
discovers and constructs understanding in an open-ended, infinite manner, always
prepared to re-interpret and re-construct previous interpretations. As Schleiermacher puts
it, “Our interpretive experience begins in misunderstanding” (quoted in George, 2021).
To make it more in line with our current discussion, we might add: not only it begins from
misunderstanding, but it also ends in misunderstanding. In other words, from the
viewpoint of the hermeneutical circle, interpretations are always re-interpretations, and
they should be.

In sum, referring back to the textbook definition of feedback as a “closed sequence
of cause-and-effect relationships,” the hermeneutical circle has commonalities with the
feedback mechanism.® They both start with “error” and “misunderstanding.” They both
re-adjust and re-vise their initial beginnings. They both yield various equilibrium points —
attractors in the parlance of dynamical systems — without any final absolute resting end.
They are both at work in closed loops but, simultaneously, open-ended and infinite.

CONCLUSION

Our conclusion is twofold. First, historically, feedback mechanisms and the
hermeneutical circle thrived at the same time in a shared cultural-technological ground,
namely 19th-century modern Europe. While this might be dismissed as a mere
coincidence lacking any meaningful constitutive connection, a second observation is
pertinent on a conceptual level: they both share the abstract concept of “circular
causality.” Feedback mechanisms challenge the philosophical principle that asserts the
impossibility of circular causation. Similarly, the hermeneutical circle challenges the
conception that assigns fixed meanings to the texts. Juxtaposing these two, a question

selection” (p. 43). The idea of “being designed without a designer” is the core of Dennett’s version of
Darwinism (see Dennett, 2018).

® The divide between humanities and natural sciences hinges on the very distinction of reason and cause,
the former being non-deterministic and the latter deterministic. However, Cyberneticians interpret the
causality of feedback mechanisms as “non-deterministic teleology” (see Rosenblueth et al., 1943).
Philosophers might object (for example, see Rorty, 1979, p. 240). A middle way is to appreciate that
reasons are exclusively humane and different from causes, but nonetheless products of algorithmic
evolution (see Dennett, 2013). This paper is a preliminary attempt to find or build this middle way.
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arises: Which one has been the source of inspiration for the other? Is there any meaningful
way of prioritizing one over the other, in historical or cognitive terms?

One might observe that the same circularities have always been part of the
metaphors and material culture in different cultures, in different ages, and in different
practices. Cyclic icons abound in ancient India (e. g. Wheel of Life) and China (e.g. Yin-
Yang). The idea of eternal recurrence or cyclic nature of the universe is common in ancient
cultures. Circularity is valorized by many mystical and alchemy traditions in the iconic
image of a snake biting its own tail (named Ouroboros in Greek). More generally, the
magic of self-reference has been appreciated since the time humans saw themselves in
the natural mirrors of ponds (e.g. the myth of Narcissus) or through the metal and glass
mirrors, or even in the mirror of lovers — as feedback loops are ubiquitous in the imagery
of literature and poetry. While these might seem “just metaphors” without any practical
or cognitive value, we have also mathematical and philosophical methods very similar to
the feedback mechanism: the Regula Falsi method of mathematics in Greek, the calculus
of Double Errors in Islamic mathematics, and the Dialectic in Plato or Hegel. Rehearsing
all these historical examples, the similarity between the feedback mechanism and the
hermeneutical circle might lose its appeal. Nevertheless, two points should be noted. First,
doing a historical survey necessitates posing “ideal types”, in Weber’s terminology,
resulting in acceptable distortion and approximations. Second, despite the long history of
similar concepts, it was only in the 19th century, in modern Europe, that complex
automatic machinery thrived, and it was in modern Europe that the hermeneutical circle
flourished in a disciplined way. In other words, looking back at the relevant historical
data, these “ideal types” are mostly recognizable in the 19" century, not before. Latil
(1957), at the end of his book on feedback mechanisms, after mentioning the similarities
between the Chinese ancient principle of Yin-Yang and cybernetic ideas, writes,

But if we find ourselves agreeing with the oriental mystics, it is not because of
any nebulous views on spiritual existence; we started off solely on the
fundamental concepts of the machine. The reader has been present from the
beginning of these concepts, for we have wished him to tread along the same path
which we took in order to arrive at an understanding. The principles which have
been advanced might have been arrived at by metaphysical consideration, had
they been founded on thought alone, but, founded as they are a posteriori not a
priori, on consideration of the mechanical functions of machines, they are of
absolute authority. (p. 345)

Despite its outdated Eurocentric tone and its innocent claim for the “absolute
authority” of mechanical accounts, he hints at a profound insight. While arriving at the
same understanding through different paths is possible, it does not imply that we have
actually exhausted all possible avenues. Looking at the ancient water clock as a feedback
mechanism from our current perspective might seem obvious, but it wasn't so in ancient
times. Categorizing various old ideas under the rubric of “feedback™ is straightforward
for us today, but it was not the case back then. To illustrate, consider “feedback™ in
comparison to “microbe.” It is now easy for us to perceive microbes as if they were always
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present in our world, but it was not easy before the age of Pasteur. The same goes for
feedback.

If we succeed in establishing a meaningful constitutive relationship between
feedback mechanisms and the hermeneutical circle, another question arises. It could be
the case that in the 19th century, the importance and power of feedback were so
pronounced and experienced in material culture that people began projecting it onto the
realm of interpreting and understanding texts. Conversely, it might be the case that the
inherent circularity in the interpretation of texts inspired people to incorporate this
circularity into artifacts. Our predicament here is not dissimilar to Weber’s question
regarding Protestantism and Capitalism, and our ambivalence is similar to the choice
between what he calls Materialism and Spiritualism. He finishes his thorough historical
research with these sentences:

But it is, of course, not my aim to substitute for a one-sided materialistic an equally
one-sided spiritualistic causal interpretation of culture and of history. Each is
equally possible, but each, if it does not serve as the preparation, but as the
conclusion of an investigation, accomplishes equally little in the interest of
historical truth. (Weber, 2001, p. 125)

This paper is a preliminary attempt. There is no way, and there is no need, to readily
give absolute priority to one here. Weber, to emphasize the intricate relationship between
Protestantism and Capitalism, refers to their connection as an “elective affinity”
(Wahlverwandtschaften in German). This elective affinity, borrowing a chemical
metaphor from the 18th century, describes the inclination of substances to react, or the
tendency of individuals with “similar chemistry” to fall in love (see McKinnon, 2010).
The term “affinity” has been utilized in the title of this paper to imply a similar meaning.
Nevertheless, we can replace this chemical metaphor with a cybernetic one, seeing both
the feedback mechanism and the hermeneutical circle within “closed sequences of cause-
and-effect relationships.” I am not in a position to settle down the question of priority
here, but I hope it is at least framed now.
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Abstract

An explanation is a convincing, deductively valid argument that cites at least one law of nature. — This
could be a definition of a scientific explanation that takes the notion of understanding seriously because
explanation and understanding are intertwined concepts. To arrive at this conclusion, this analysis starts
with the question of what makes an explanation an explanation. Philosophers of science have discussed this
issue extensively since Carl G. Hempel presented his deductive-nomological model of explanation. It seems
that the DN-model offers necessary but not sufficient conditions for explanation. Two prominent problems
for sufficient conditions are the problem of irrelevance and the problem of symmetry. For the last seventy
years philosophers of science tried to solve those problems, also proposing other possible
conceptualizations of explanation, by invoking, for example, causality or contextuality. Those accounts can
be brought together in order to solve the problems of the DN-model: By looking at understanding, a new
combined account for explanation and understanding could be obtained. After highlighting the advantages
and problems of some of the most prominent accounts of explanation, the concept of understanding is
analyzed with respect to the notion of hermeneutics. Through Gadamer’s discussion of hermeneutics and
understanding as well as Kuhn’s concept of paradigms, it can be shown that the natural sciences are also
deeply rooted in hermeneutics and involve understanding. In the end, it can be demonstrated that
understanding and explanation are two interwoven concepts. Understanding is the missing piece of the
puzzle to solve the problems of explanation.
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0] HAYYHOM 00bSICHEHHH ¥ IOHMMAHHUH — IrepMeHeBTHYCCKasA

nepcneKTHBa
Apryp Beii-Kan Jlro (<)

JapMimtagckuil TeXHHUECKUid yHUBepcuTeT, Pesuaennuioce 1, apmimrant, 64283 [Nepmanus
a.w.liu@protonmail.com

AHHOTaNus

OObsicHeHHe — 3TO YyOeTUTEeNbHBIH, JeTyKTUBHO OOOCHOBAHHBII apryMEHT, CChUIAIONIMNCS Ha XOTS Obl
OJIMH 3aKOH MPUPOJIBL. — DTO MOTIJIO Obl OBITH OIPEACICHHEM HAYYHOTO OOBSICHEHHS, KOTOPOE CEpPbhEe3HO
OTHOCHUTCSI K TOHSTHIO TOHUMAaHUsI, TOCKOJIbKY OOBSICHEHHWE W IMOHHUMaHHE — 3TO B3aUMOCBS3aHHBIC
noHATHS. YTOOBI MPUITH K TaKOMY BBIBOJY, JIaHHBIH aHAJIN3 HAYMHAETCS C BOMPOCA O TOM, YTO JieJaeT
00BsicHeHHE 00BsicHeHHEM. DPrtocodbl HAYKH HHTCHCUBHO 00CYIKIaIM 3TOT BOIIPOC C TeX Mop, kak Kapi
'emnens mpeacTaBui CBOIO JETyKTHBHO-HOMOJIOTHYECKYIO MOZETb 00bsIcHeHU. KaxeTcs, 9To Moaemnb
IpeIaraeT HeoOXO0MMbIE, HO HEJIOCTATOYHBIE YCIOBHSA AJIsl 0OBbsicHeHNMS. [IByMsI BaXKHBIMHU ITpo0OIeMaMu
JIOCTaTOYHBIX YCJOBHH SIBIISIOTCA TPOOJeMa HEPEJIeBaHTHOCTH M mpoliema cuMmerpuu. B TedeHne
MOCJICTHUX CEMHIECATH JIET (GMI0CO(BI HAYKH IBITAINCH PEIINTD 3TH MPOOIIEMbI, OJHOBPEMEHHO paboTast
HaJl IPYTUMU BO3MOXXHBIMH KOHLENTYAIH3AUSIMU OOBSICHEHNS, CChUIASsICh, HAIIPHUMED, HA IPUINHHOCTD
WM KOHTEKCTYaJIbHOCTh. DTH COOOPaKEHUSI MOXKHO OOBEANHHUTD, YTOOBI PEHINTH NPOOIEMBI 1elyKTHBHO-
HOMOJIOTHUECKON MOJIEIIN: PACCMOTPEB ITOHUMAHUE, MOYKHO MOJIYYUTh HOBYIO KOMOMHUPOBAaHHYIO BEPCHIO
00bsiCHEeHUsI ¥ TOoHUMaHus. [ociie BblAeeH s PEUMYIIECTB U IPO0JIeM HEKOTOPBIX HauboJee U3BECTHBIX
MOAXOJ0B K OOBSICHEHHIO, KOHLENLUsS TOHMMAaHUSI aHAJM3UPYeTCsl C TOYKH 3PEHHs IOHSTHS
repmeHeBTUKH. C roMoIipio 00Cyx/IeHus ["afaMepomM repMeHeBTHKY U IIOHUMAaHUSI, & TAKKe KOHIETIIHN
napagurm KyHa MOKHO T0Ka3aTh, 4TO €CTECTBEHHbIE HAYKH TaKXKe INIyOOKO YKOPEHEHbI B TepPMEHEBTHKE
M BKITIOYAIOT OHMMaHKE. B KOHIE KOHIIOB, MOKHO ITPOIEMOHCTPHUPOBATH, YTO TOHUMAHHUE W 00BsSICHEHHE
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INTRODUCTION

Scientific explanations are important objects of study since Hempel and
Oppenheimer’s (1948) first influential discussion of it— known as the deductive-
nomological (DN) model of explanation. Ever since, philosophers of science have
persistently tried to characterize explanations, their goal being to analyze what scientific
explanations are, because for many of them, it seems, explanation is one of the primary
goals of scientific activity (e.g. Hempel & Oppenheim, 1948; Ladyman, 2002).
Explanations seem to be answers to why-question that begin with a ‘because.” Yet, by
explaining one thing, another follows along: understanding. This is the case because
explanations (normally) provide understanding. A number of philosophers of science
(e.g. Hempel, 1965a; Kitcher, 1989; Salmon, 1998a) agreed that there is at least some
kind of connection between the two concepts. However, scientific understanding was
widely neglected in the discussion until very recently (Regt, 2017). This paper shall serve
as a contribution to the discussion of scientific explanation and understanding by looking
at those concepts from a hermeneutic perspective. The main thesis is that only when the
concept of scientific understanding is taken seriously, it is possible to grasp what
scientific explanation is, for both concepts are two sides of the same coin.* From there, a
new account of explanation could be developed.

My analysis starts with a short reconstruction and critique of some of the most
influential accounts of explanation: the DN model (Hempel, 1965a), the causal model
(Salmon, 1984, 1998b), the pragmatist model (van Fraassen, 1980), and the unificationist
model (Kitcher, 1989). Of course, there are other and newer accounts of scientific
explanation. Since this paper analyzes explanation and understanding in general terms, it
discusses only the ‘classics,” which are the departure points also of the newer accounts.
In the course of this discussion, | will also identify the two main problems that have to be
solved in a theory of explanation: the problems of irrelevance and symmetry. Then, | shall
turn to understanding. | start with an evaluation of the influential and systematic
conception of understanding which is grounded in a hermeneutic analysis of
understanding for the humanities as developed by Hans-Georg Gadamer in 1960.
Afterwards | argue that this concept of understanding of cultural artefacts can be
transferred into the domain of natural science by an analysis of the term ‘paradigm,’
popularized by Thomas Kuhn in 1963. From there, | try to outline an account of
explanation that is obtained by the preceding analysis of understanding. Finally, I will

! To be sure, explanation is not something that is exclusive to science but is also common in everyday life.
Should we, then, just drop the adjective ‘scientific’ (in the sense of “natural-scientific””) (Skow, 2016,
p. 524)? 1 think, at least, for now, it can be said that there is a difference between explaining why the
planetary orbits in our solar system are stable or why John did not come to Harry’s birthday. In the first
case a generalization in the form of a law is usually evoked like Newton’s laws of gravity, whereas in the
latter case one might say there are some social circumstances like them having had a fight one month prior
to the party. Prima facie it should be acknowledged that there is a difference between scientific explanations
and everyday life explanations. I will restrict myself to scientific explanation because most philosophers of
science developed their accounts of explanation under this term, but I hope I will make plausible that the
difference between scientific explanations and ‘other kinds’ of explanations is of degree rather than of kind.
The same can be said about scientific understanding.
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apply this newly obtained concept of explanation, which is inseparably intertwined with
the concept of understanding, by showing that the two major problems I identified before,
the problems of symmetry and irrelevance, can be solved by it.

CONCEPTIONS OF SCIENTIFIC EXPLANATION

In order to grasp the concept of scientific explanation, it is necessary to look at the
different proposals for a conception of it that have been made so far. Hence, this chapter
provides a brief overview of the main models and the criticism that they received. | will
start with the modern starting point of a theory of explanation: the DN model by Carl
Hempel. One after another | shall present the subsequent models of explanation,
beginning with the causal model by Wesley Salmon, going over to Bas van Fraassen’s
pragmatic model, and ending with Philip Kitcher’s unificationist model. I will end with
Kitcher’s model because all important factors relevant to my goal to set an alternative
account of explanation will have been discussed by then.? The evaluation of these models
will reveal connecting factors for a further discussion with regard to scientific
understanding that will in turn illuminate the concept of scientific explanation.

The Deductive-Nomological Model

The deductive-nomological (DN) model has been and still is the most influential
conception of scientific explanation of the last century which set the starting point for the
contemporary discussion of a theory of explanation. For Hempel (and for many others, as
the following sections will show) explanations are answers to why-questions. Hempel
divides an explanation into two parts: the thing to be explained (explanandum) and the
things that explains (explanans). His conception is built as follows: The explanans S is a
combination of laws of nature L and sentences about the particular conditions of the
situation C. Together they form a deductive argument that implies per “logical
consequence” (Hempel, 19653, p. 337) the explanandum E as a descriptive sentence of
the phenomenon to be explained. Consider the following situation: A gas is sealed in an
air-tight container. Now the container is heated strongly, while the volume remains the
same. The pressure of the gas is measured before and after the heating and an increase in
pressure is detected. This increase can be explained by the ideal gas law. If the volume is
fixed and the number of particles kept constant, then the temperature of the gas is
proportional to its pressure (L). The volume is fixed and the number of particles kept
constant (C). Therefore, the pressure of the gas rose (E) (Ladyman, 2002, p. 204). This
conception for singular events can be extended to explanations of uniformities as well,
according to Hempel: A law can be explained if it can be shown to be a special case of a
more general law.

The DN model faces two major problems, though: irrelevance and symmetry. The
first major problem can actually be divided into three sub-problems (Ruben, 1990,

2 To be clear, there are newer accounts of scientific explanation (e.g. Strevens, 2008; Woodward, 2004), but
I think the best way to get to the fundamental problems of a theory of explanation is to look at the
cornerstones of this discussion — especially because newer accounts take the historical discussion and the
proposed accounts as a starting point for their own accounts.
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pp. 183-188): the ‘original’ problem of irrelevance, the problem of pre-emption, and the
problem of overdetermination (Ladyman, 2002, pp. 203-205). For the purpose of this
paper, the ‘original’ problem of irrelevance should suffice. The example which is
concerned with the ‘original’ problem is borrowed from Ardon Lyon:

(1) All metals conduct electricity

(2) Whatever conducts electricity is subject to gravitational attraction

(3) All metals are subject to gravitational attraction. (Lyon, 1974, p. 247)

Even though (3), the explanandum, is logically deduced from (1) and (2), the
explanans, no one would say that (1) and (2) explain (3) because it is obvious that (1) and
(2) are irrelevant for the correctness of (3). One would say that all objects with mass are
subject to gravitational attraction, so the attribute of electrical conductivity is irrelevant.
The DN-model, however, cannot exclude such explanations that cite irrelevant premises.

The problem of symmetry involves biconditionals, which can also take the form of
arguments with laws of coexistence such as the coexistence of rise in temperature and
rise in pressure. There are two standard examples for the problem of symmetry. The first
one is the example just used above to illustrate the DN-model. Because the ideal gas law
is a law of coexistence, it is symmetrical, i.e., explanandum and the condition-sentence
can be switched. This explanation also satisfies the conditions of the DN-model, while
explaining the rise in temperature by the rise in pressure, but we would not normally say
that the latter is the actual explanation. The other standard example is that of the flagpole:
Why is the shadow of the flagpole X meters long? Knowing the height of the flagpole
and the angle between the ground and the sun (assuming that light rays are linear), the
length of the shadow can be derived in order to explain it. But this is the problem: In the
same manner the length of the shadow and the incident angle can also be used to derive
the height of the flagpole, and thus to explain it. Surely, many, if not all, would say that
only the first derivation would count as an explanation.® The DN-model, thus, fails to
determine the right direction of explanations (Bird, 1998, p. 74).

Though it evidently cannot provide sufficient conditions for explanation, Hempel’s
account still seems very convincing. Some philosophers of science therefore think that
the DN model provides the necessary conditions for explanation (e.g. Friedman, 1974;
Woodward & Ross, 2021). In that case, the remaining task is to eliminate the problems
of irrelevance and of symmetry. The solution that suggests itself is the notion of causation.
In my outline above | avoided the notion of causation because Hempel himself thinks that
it is not necessary for the conception of explanation (Hempel, 1965a, pp. 353-354), but
if one recalls the counterexamples above, some of the problems can be solved by
including causation: It is the mass and not electrical conductivity that causes gravitational
attraction. The increase in temperature causes the rise in pressure. The light and the
flagpole cause the length of shadow but light and shadow do not cause the length of the
flagpole.

3 In this case, it seems that the second “explanation” is either aimed at a why-question that requires a very
different answer (Why does the flagpoles have height X?), or it is not aimed at an explanation-seeking why-
question at all: How tall is this pole?
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The Causal-Mechanistic Model

One of the most prominent advocates for a causal conception of explanation is
Wesley Salmon (1984, 1990). According to Salmon, a phenomenon can be explained by
showing the causal history or mechanisms that led to the phenomenon. To understand this
correctly, some terminology has to be introduced.

For Salmon a causal interaction is “an intersection of two processes [...] if both
processes are modified in the intersection in ways that persist beyond the point of
intersection, even in the absence of further intersections” (Salmon, 1990, p. 7). For
example, if two cars collide, both are modified by getting dents, and those modifications
persist beyond the point of collision (Woodward & Ross, 2021). The basic criterion for
distinguishing a causal process from a pseudo-process is the causal process’s ability to
transfer a mark. In the example given above, the two cars did not have any dents until
collision, and those dents were then the marks that were transferred. Therefore, a process
is causal if it could be permanently altered through an intervening causal interaction
(Salmon, 1984, p. 142). Furthermore, it should be added that the transfer of those marks
is spatiotemporally continuous, that is, there is a continuous connection between the
causal process and the causal interaction which transfers a mark. In other words, the mark
can be traced back to the process via a spatiotemporally continuous connection (Salmon,
19984, p. 116).

Salmon’s account needs laws of succession that state the temporal development of
a process or interaction, but there are also laws of coexistence that only limit the space of
possible configurations of a system (van Fraassen, 1980, pp. 122-123). The ideal gas law
is one of them. An explanation of a state of a system would then be non-causal for there
is not any action involved, and thus the explanation would be non-explanatory on
Salmon‘s account. Another problem is connected with quantum mechanics. As the EPR-
Paradox shows that locality is violated in quantum mechanics. Therefore, since the
process is not spatiotemporally continuous, there would appear to be non-causal processes
in quantum mechanics. In these cases, there cannot be a causal explanation, according to
Salmon’s account.*

The Pragmatic Model

Because of the problems of Salmon’s account of causal explanation, van Fraassen
(1977, 1980) takes another approach to explanation. By analyzing the role of causality in
explanation from another perspective, he arrives at what he calls the pragmatist account
of explanation. The basic idea is that explanation is highly context-sensitive, that is, the
circumstances and the people involved in an act of explanation are essential if one wants
to understand causality.

He begins with an analysis of the principal idea of causal explanation. As presented
by Salmon, by exhibiting the causal forks explanation shows how “[e]vents are enmeshed

4 Salmon is aware of this problem, he even describes it as ,,a source of great distress* (Salmon, 1998a, p.
115) but does not seem to have an answer for it in his framework of causal explanation. He actually refers
to the unificationist model of explanation, for example, as a possible solution to the explanatory difficulties
of quantum mechanics.
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in a net of causal relations” (van Fraassen, 1980, p. 123). He argues that explanation
thereby highlights the salient factors in that part of the causal net which leads up to the
event to be explained. Accordingly, events do not normally only have one explanation
but more: there are as many causes for an event X as there are explanations of X. The
salient factors are themselves determined by the contextual factors, namely the interests
and orientations of the questioner along with the phrasing of the problem.

The pragmatic model also takes explanations as answers to why-questions, so it
starts with an analysis of why-questions and concludes that adequate answers to a why-
question are context-sensitive. That means that the adequate explanation varies from
context to context and on what is actually asked. Consider the question ‘Why is this
conductor warped?’. The proposition, this conductor is warped, is the topic of the
question. The contrast-class is the set of alternative interpretations of a particular
question, constituting a set of propositions including the topic. This can be highlighted by
putting emphasis on a single expression: Why is this (rather than another) conductor
warped? Why is this conductor warped (rather than not)? Here the explanatory relevance
has to be introduced in order to grasp the context-sensitivity of the topic and its relation
to its contrast-class. An explanation would then show that the topic is true, that only the
topic is true in its contrast-class, and that minimally one proposition bears the relevance
relation to topic and contrast-class (van Fraassen, 1980, pp. 141-144).

Van Fraassen seems to believe that “[f]or any two propositions there is a candidate
relevance relation that the first bears to the second” (as cited in Skow, 2016, p. 540). This
means that for any pair of two propositions exists a context in which the first proposition
is relevant for the second one. Salmon and Kitcher showed that van Fraassen’s model
cannot discriminate between good and bad explanations, for there is not any constraint
on the relevance relation. Consequently, as long as van Fraassen does not propose criteria
for genuine relevance relations “almost anything can explain almost anything” (Salmon,
1998, p. 183). Nonetheless, van Fraassen’s account provides an important insight into the
relation between idealized (scientific) explanations to the practice of explaining in
everyday life, as well as the reconstruction of explanations as answers to contrastive why-
question.

The Unificationist Model

Michael Friedman (1974) and Philip Kitcher (1989) introduced the unficationist
model of explanation. They take scientific understanding as the goal of explanation by
unifying scientific theories, thereby bringing explanation and understanding explicitly
together. Due to the problems of Friedman’s version (see e.g. Salmon, 1998c, p. 70),
Kitcher’s version will be discussed here.

The idea of the unificationist model is quite simple: An acceptable ideal explanation
is part of the explanatory store E(K), where K are all statements that are accepted by the
scientific community. The explanatory store E(K) is the set of derivations with the
maximum systemization of K, while having fewer argument patterns than other
systemizations of K. To understand Kitcher’s model, one needs to introduce some
technical terms: A schematic sentence is a sentence in which some of the non-logical
words have been replaced with dummy letters. A set of filling instructions for a schematic
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sentence gives the information on how to fill in the dummy letters; for each term one
filling instruction is needed. A sequence of schematic sentences is called a schematic
argument. Furthermore, a set of sentences that describes the connections between the
schematic sentences of the schematic argument is called classification for a schematic
argument — it states which sentences are the premises, which are inferred from which,
and which rules are used. Lastly, a general argument pattern consists of a schematic
argument, a set of filling instruction and the classification for the schematic argument. In
order to compare different argument patterns, Kitcher introduces the criterion of
stringency (Kitcher, 1989, pp. 432-433).

He agrees with Hempel that ideal explanations are derivations, in fact, he thinks
that “[i]n a certain sense, all explanation is deductive” (Kitcher, 1989, p. 448), but,
contrary to Hempel, derivations are sequences of statements whose status is clearly
specified, therefore showing how exactly to deduce the conclusion from the premises. In
general, it can be seen as a “sophisticated version of Hempel’s deductive-nomological
model” (Regt, 2017, p. 53).°

Kitcher’s account also solves the problems of irrelevance and symmetry. Let me
shortly discuss them. Consider Lyon’s example again. It stated that all things that conduct
electricity, including all metals, are subject to gravitation. However, by referring to the
fact that all masses are subject to gravitational attractions, one cannot only deduce that all
metals are subject to gravitational attraction but any object with a mass, so this pattern
can derive the conclusion for metals and any other material, while in Lyon’s example it
can only explain it for electrical conductors, requiring analogous explanations for non-
conducting masses. Therefore, to explain gravitation as a feature of all masses provides a
more unified account and an actual explanation.

The second problem concerns the flagpole. In principle, the height of the flagpole
can be deduced from the length of the shadow and the position of the sun. Call the
standard systemization which has the length of the shadow as its conclusion E(K) and the
one which has the height of the flagpole as its conclusion S. Kitcher states that E(K)
contains the “origin-and-development” pattern (Kitcher, 1989, p. 485). He goes on to note
that the dimension of an object can be traced to the condition of its origination and the
undergone modifications, so this pattern provides an explanation of the current size of an
object such as the shadow by giving its history. If the pattern for deriving the size of an
object by the length of its shadow is added to E(K), an unnecessary pattern would be
added because it does not provide any new conclusions, only serves to increase the
number of patterns. This means that E(K) is indeed the more unified generating set, so S
is not explanatory (pp. 485-487).

Even though Kitcher’s account seems quite convincing, it is confronted with at least
the following two problems. The first problem concerns the problem of symmetry
involving laws of coexistence. It seems to me that Kitcher’s account also fails to

5 Due to the focus of this paper, I have not discussed a more technical problems of the DN model. It
concerns the characterizations of laws of nature. The derivation of a law from a more general law can
always be done by the conjunction of the law to be deduced and another law, which would then be a more
general law, but this derivation would surely not count as an explanation (Hempel, 1965b, p. 273).
Kitcher can handle this problem (see Regt, 2017, p. 53).
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distinguish the right from the wrong direction of explanation. Because both directions are
in principle explanatory, without one entailing the other like in the flagpole example, it is
not possible to exclude one of them from E(K).

Moreover, there seems to be serious problem with what Woodward (2004) calls the
“‘winner-take-all’ conception of explanatory unification” (p. 367). Since Kitcher
considers only the unifying explanation as a proper explanation, every other explanation
not part of E(K) is not explanatory. There is no degree of explanatoriness. For example,
the theory of relativity is more unified than classical mechanics, so explanations that use
classical mechanics are not explanatory according to Kitcher‘s account, though no one
would deny their explanatory value.

Despite all the objections, Kitcher’s approach lays bare a possible way of
systemizing theoretical thoughts. Even if the greatest possible unification is not a
necessary condition for successful explanation, it can be said that unification is at least a
virtue of explanation.

Interim Result

The historical development of the discussion shows some general motives and
problems that seem to be central to the conception of explanation. Firstly, every model of
explanation tries to solve the two problems regarding the sufficiency of Hempel’s DN
model: irrelevance and symmetry. All models try to state criteria to eliminate irrelevant
factors from explanations and to account for the asymmetry of explanation. Furthermore,
some concepts seem to be central to the ongoing discussion of the two problems:
causality, and thus temporality, and explanation as a concept with theoretical and
pragmatic components. All those concepts can be brought together, and so the two
problems can be solved, by turning to the notion of understanding.

SCIENTIFIC EXPLANATION AND UNDERSTANDING

The following section is dedicated to the notion of understanding, for which | will
analyze its relation to explanation. This undertaking might seem a bit questionable, at
least from the perspective of German philosophy. It was Wilhelm Dilthey (1883/2017)
who made a distinction between two different ways of acquiring knowledge, namely
explanation and understanding. He did so in order to legitimize the status of the
humanities [Geisteswissenschaften] as epistemically valuable (Grondin, 2012, p. 123).
Roughly said, understanding is the domain of the humanities because the objects of
understanding are the products of the human mind that one has to ‘relive’ in order to
understand what their author meant. Hermeneutics was the method of the humanities, as
the correct way of interpreting a text in order to get to the intended meaning and thus an
understanding of its author (Grondin, 2012, pp. 128-129). The processes of nature, on the
other hand, cannot be ‘relived’ because there is no inner, perhaps psychological, character
to follow and grasp, so the task then is to explain them. The phenomenological turn
initiated a new perspective on hermeneutics and understanding, first picked up by Martin
Heidegger (1926/1967) and then criticized and further elaborated by Hans-Georg
Gadamer (1960/2010) in his work Wahrheit und Methode [Truth and Method].
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Gadamer*s universal hermeneutics [Universalhermeneutik]® provides a conception of
understanding which want to discuss here since it was widely received and also discussed
in the context of a hermeneutics of natural sciences (see e.g. Bernstein, 1983; Heelan,
1977).

Understanding of Cultural Artefacts

I will discuss here the paradigmatic example of cultural artefacts that are in need of
an interpretation: texts. The old problem of the hermeneutic circle arises here directly. A
text can only be understood by its parts, but an understanding of the parts can only be
available if the text is already understood, but it is then questionable how one should even,
in principle, be able to understand a text. The answer is preconceptions [Vorurteile],
conveyed by, for example, tradition and authorities like parents or teachers. If one reads
a text, one either already has an idea of what the text might be about or begins to read it
without prior knowledge of the text and draft a possible interpretation while reading it,
but either way it seems that the reader is trapped in his or her preconceptions about the
text. However, Gadamer emphasizes the positive aspect of preconceptions that especially
come to the fore when discussing hermeneutic circle. Only because one has such
preconceptions it is possible to even try to understand a text. Preconceptions are
fundamental for our ability to understand, but that does not mean that the preconceptions
are always right. Every text can be understood in at least one correct way and many
incorrect ways. The task is to work out an interpretation of the text that is in itself
acceptable, that is constructed in a manner that displays the content so that it is coherent,
because the only things that can be understood are things that have united meaning. In the
process of continuously drafting and redrafting interpretations of a text while reading it,
one comes to an understanding of the words by seeing that maybe some of them have
other meanings than presupposed. In turn this is only possible if one recognizes and
acknowledges that the text could have a different view on the same matter. For real
understanding of someone else’s view, as expressed in a text, one needs to be open to the
possibility that the expressed opinion is true, thus risking also the need to acknowledge
that one was wrong. Understanding always requires checking if one’s own preconceptions
are true, to be adjusted or completely rejected, by valuing and weighing them against each
other, all the while connecting them to old and new ideas. Thus, it is exposing them to
further scrutiny (Gadamer, 2010, pp. 270-275). For Gadamer, the hermeneutic circle is,
therefore, a productive circle.’

® To be sure, when Gadamer discusses and elaborates the conception of understanding as an alternative to
(natural-scientific) methods in order to obtain truths, he is occupied with the legitimation of the humanities
as proper sciences as distinct from the natural sciences. He was convinced that there is no hermeneutics of
natural sciences (Kisiel, 1997, p. 331). This paper is also an implicit critique of Gadamer insofar as he was
too hesitant with his claim of a universal hermeneutics.

"1t is important to note that hermeneutics and the hermeneutic circle is not referring to a method or so as
did Schleiermacher. Rather, hermeneutics comes into play as soon as we seek to understand anything in the
world. Here, Gadamer is following Heidegger’s ideas. For him, the hermeneutic problem concerns the
phenomenon of understanding and adequate interpretation [Auslegung]. The task of hermeneutics is to
explore and reveal the requirements of understanding (Gadamer, 2010, p. 300).
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An important concept in Gadamer’s analysis is the horizon. A horizon is defined as
a “ken that encompasses and encloses everything that can be seen from one point of view”
(Gadamer, 2010, p. 207, my translation). It contains everything a person already knows
and understands. When one tries to understand a text which has, so to speak, its own
horizon, the unfamiliar is made familiar. That means one can judge the claims and accept,
adjust or reject them by giving reasons. One can, so to speak, work with them. Thus,
Gadamer is speaking of the merging of horizons because the ideas of the text become part
of the reader’s horizon. The ideas of the text can be related to all other ideas already
understood.®

In this sense understanding can be characterized as an ability and skill which entails
interpretation, justification and application. When one tries to understand a text, it means
already interpreting, but by interpreting it, one has to think about the justification of the
interpretation because others could always ask for one. Finally, a text as conveyer of truth
claims challenges the reader’s judgement of the things it claims to have knowledge about.
So when a reader really wants to understand something, he or she already needs to know
whether and why the claims are justified or not. But this application of ideas is only
possible because of prior interpretation. Moreover, by applying, that is discussing and
judging ideas, an interpretation might change as well. So understanding always imply all
these dimensions at the same time.

In conclusion, understanding is knowing how the different concepts in a text are
related to each other and how those are related to the situation of the reader. All
preconceptions and prior knowledge are ordered and related, and if one reads a text that
makes truth claims, one is challenged to take a stand. Either way it demands one to
question one’s own understanding of the matter in question by showing that there were
unknown or only seemingly existent connections, thereby ‘forcing’ an adjustment of the
understanding.

Scientific Understanding

After talking about the understanding of texts, what could scientific understanding
mean? A rather striking analogy appears when looking at Kuhn’s discussion of
paradigms. Kuhn describes paradigms as having laws, theory, application, and
instrumentation. A paradigm tells the scientist what they have to look out for, what exists,
how they can access things and measure them, what concepts mean and how they are
related to the world and so on. It contains the things a student has to learn to be part of a
scientific community. This learning process is guided by the application of concepts,
laws, and theories. In order to be able to operate in a given paradigm, one has to know

8 The distinction of two separate horizons only arises as one becomes aware that there are two different
horizons involved: mine and the other’s (Gadamer, 2010, pp. 307-312). Subsequently, one needs to
translate the language of the other horizon into one’s own which is already part of the process of
understanding because translating presupposes the understanding of the thing that is expressed. This process
of translation can be thought of as looking for a common language in which one’s own horizon and the
other’s can be understood simultaneously, implying that the view of a text on a specific matter is put into
relation to other possible views that are familiar to oneself, thereby coming back to the merging of horizons
(Gadamer, 2010, p. 399). Translation implies that the unfamiliar view is applied to the reader’s situation. It
thus does not leave the reader unaffected, since one acquires new perspectives on the matter in question.
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how to apply specific concepts, laws or theories to a specific problem or situation (Kuhn,
2012, p. 47). He or she learns to see the world through the lens of the paradigm. In this
way, paradigms become self-contained, incommensurable world views that span a net of
concepts, which | call the conceptual net of the paradigm.

A paradigm conveys specific preconditions for it states what entities in the world
exist and how they are related to each other. So, different paradigms convey different
world views as the same things are seen differently (Crease, 2002, p.37). Each
encompasses everything that is familiar and understood, it also encloses it unambiguously
because the problems, the things not yet understood, are clearly defined (Kisiel, 1971,
p. 198). The problem of the hermeneutic circle arises here again (Kisiel, 1976, p. 181). In
order to identify a phenomenon as a phenomenon one needs to already know what the
thing is. Categories and relations are needed in which this phenomenon can be embedded.
Instead of the text that tries to express the matter, it is now the phenomenon that is brought
to expression by measurement (see also Wu & Hu, 2023). The little difference here is that
during a stable period of a paradigm the data is already put into established categories,
but even here some mapping of theory onto praxis must be done. The experimenter has
to know how to prepare the experiment so that the things the theory talks about will be
reflected in the experiment (Crease, 1995, p. 112). Afterwards the experimenter has to
interpret the results: Are the results as expected? If not, why? Here, too, a merging of
horizon can be seen: the horizon of the scientist within the paradigm and the horizon of
the phenomenon manifested through measurement. While scientists interpret the data,
they try to find a common language for both horizons and thus integrate the data into the
net of concepts already known, as the gathered data is necessarily new, that is, unfamiliar.
If that is not possible, then the paradigm has to be adjusted or replaced by another.

This aspect becomes even more apparent if the time of change of paradigms is
analyzed. The case of classical and relativistic physics is a good example. Kuhn
demonstrated that in order to understand Newton as a special case of Einstein one has to
reinterpret basic concepts of Newton such as time and space. This kind of merging of
horizons corresponds to Gadamer’s idea of understanding because Newton and Einstein
make truth claims about things in the world. As a supporter of Einstein, one has to take
the claims of Newtonian mechanics seriously and thus try to find a common language
where both horizons could be understood simultaneously. This does not mean that one
has to agree with the other position, rather it enables one to judge it (Kisiel, 1971, p. 207).
As the theories are incompatible, one has to reject basic assumptions, but cannot therefore
reject the laws of Newton, since these are empirically adequate. From the point of view
of an Einsteinian, one has then incorporated und thus understood Newtonian mechanics
as a part of Einsteinian mechanics. And again, the thing that is the gauge for judging this,
is the phenomenon in question.

To conclude, paradigms are like horizons because they convey preconceptions
about the world, everything that is already familiar. Another possible paradigm always
challenges the ruling paradigm in its truth claims. If there is a change of paradigms the
ideas and claims of the old one are understood in the new one either as in some way
incorporated or as refuted. Either way propositions about the world are being set into
relation to other propositions. The gauge here is the phenomenon to be understood. By
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looking for a common language of both horizons, one comes into the process of
understanding which leads to a fusion of horizons where the claims of the unfamiliar
horizon to one’s own preconceptions and understanding of things can be judged. Even
without the direct challenge of another possible paradigm understanding is always
involved in science. For the experimenter it is the mapping of the theory onto the
experiment. It is not the measurement itself but also the analysis of the gathered data
afterwards. The still unfamiliar data have to be put into relation to the experimenter’s
horizon. Here, too, fusion of horizons can be observed because the ‘language’ of the
experiment must be translated into the language of the experimenter’s own horizon. In
the end, scientific understanding of phenomenon or experiment therefore involves the
transformation of the unfamiliar to the familiar, and by doing this, either adjusting or
affirming one’s own knowledge about the world, that is, what exists, how things are
related, and in which way they are accessible through experimentation.

The Connection Between Understanding and Explanation

After specifying what (scientific) understanding is, | can turn to the connection
between understanding and explanation and show that the connection is an essentially
close one. I will also analyze the difference between giving and receiving an explanation
for something. This difference is significant in that it will highlight some nuances of
explanation that are foreshadowed in van Fraassen’s discussion of the importance of
context.

First of all, it has to be acknowledged that mere statements in and of themselves do
not explain anything, even though everyday language suggests this when one says that
Newton’s law of gravitation explains the tides. Rather, explaining takes place only when
someone is using Newton’s law to explain the tides. This is because the theory and its
categories have to be applied to a specific case, and that means that the person explaining
already understands Newton’s theory and knows which concepts are involved and how
they are related. As shown above, application is always already understanding. Therefore,
the person explaining must already have understood the phenomenon of the tides as well,
that is, knowing how it fits into the conceptual net of the paradigm, in order to explain it.
Explanation in this sense is just to exhibit the place of the phenomenon in the conceptual
net of the paradigm. For example, it is one important aspect of classical mechanics that it
works fine on earth and that it is empirically adequate, even though inferior to relativistic
mechanics. The explaining person understands the paradigm of relativistic mechanics in
a way that allows for the judgment that classical mechanics is still good enough as an
explanation.

This view changes as soon as the roles of the explainer and the questioner are
reversed. As the questioner one normally genuinely does not understand the phenomenon
because one does not know how to fit the phenomenon into the conceptual net of the
paradigm. This is, contrary to the case above, the normal situation in scientific research.
Two different situations have to be distinguished here. In the first case the questioner is
also the explainer like a scientist who tries to understand a new phenomenon or collected
data, and in the second case the questioner asks someone else who already understood the
thing in question. Let me first discuss the former case. There are many phenomena that
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are not explainable within the ruling paradigm, which means only that they are not (yet)
understood. Here, the boundaries between explainer and questioner become blurry. As
one poses the question, one also tries to come up with an explanation. In the process of
explanation-seeking the scientist comes up with different candidates for an explanation
but judges them by their fit with regard to the paradigm. If and only if an explanation can
be found, the phenomenon is understood. There is obviously a difference to the other
situation where the unknowing questioner meets a scientist who has the answer. This
difference is not, however, whether understanding comes before explanation since one
can only explain if and only if one already understands. The difference is instead one of
the kinds of activity connected to each situation. In one case the phenomenon is already
understood and the explanation is just asked for afterwards, whereas in the other case the
process of coming up with an explanation is part of the process of gaining understanding.

In the former case the questioner looks for an explanation of a phenomenon from a
person that already understood it. In this situation, explanation should provide
understanding. The explainer exhibits how the phenomenon fits into the conceptual net
of a paradigm. The thing here is also that the explanation is only explanatory if it can be
understood from the point of view of the questioner. Here, again, a merging of horizons
occurs: an explanation is explanatory for a questioner only if the questioner is introduced
into the horizon of the paradigm. That also implies that a questioner who adheres to one
paradigm does not initially judge as explanatory an explanation phrased in terms of
another paradigm. The questioner has to go through a process of understanding in order
to be able to even grant the explanation any degree of explanatory power.

Therefore, it can be said that understanding is an ability to potentially provide
explanation and explanation is a social act that is set in a context, while an explanation is
only explanatory when it provides understanding, that is, can be fitted into the horizon of
the listener. Explanation is, thus, showing the place of the phenomenon in the conceptual
net of the paradigm. Here one can see how deeply and inseparably connected both
concepts are. Understanding only makes sense by being theoretically able to provide
explanations for a phenomenon and explanation only makes sense when it relates to the
realm of understanding. Coming back to a conception of explanation, the definition could
be rephrased as follows: An explanation is a convincing, deductively valid argument that
cites at least one law of nature.® By adding “convincing” to the definition, the dimension
of understanding is added to it because convincing means that it must fit the context and
there must be good arguments for the explanation to be the right explanation for a
phenomenon. In this sense, the quite technical criteria of logical derivability — also

®1 am here mostly concerned with the natural sciences, but this definition can be easily modified for the
humanities, social sciences and everyday explanations. Instead of ‘law of nature’ it might be enough to say
‘common pattern’ or ‘general rule.’ Let me just make some plausibility arguments. Take the question “Why
did John not attend Harry’s birthday party, despite being close friends?” Two possible explanations could
be “Because they had a huge fight the week before” or “Because John is in hospital due to an accident.”
Both explanations cite a common reason why someone is not attending a social event, and these reasons
can be rephrased as common patterns: Whenever two people have a huge fight, they will normally need
time apart, or whenever someone is seriously injured, he or she will not attend social events shortly
afterwards. To be sure, whether the explanation is explanatory is still context-sensitive and it is only
explanatory if it is convincing.
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involving, as shown above, instrumentation, experimental preparation and theory
(application) — are supplemented or rather complemented by communicative practices
working with reasons within the sphere of understanding.

Three Possible Objections

There could be three objections | want to discuss shortly. The first one is directed
at my conception of (scientific) understanding: relating the unfamiliar to the familiar,
therefore making the unfamiliar familiar. It could be argued that science also uses
unfamiliar concepts to explain phenomena. An example is the use of microphysical
entities in quantum mechanics. This observation is important, and | think it actually
supports my conception of understanding. Consider, again, my initial question: When is
an explanation explanatory? In order for a newly introduced concept to be explanatory
with regard to a phenomenon, it has to be already related in the conceptual net of the
paradigm, that is, how it is related to all other concepts. Only when such a place can be
found, an (unfamiliar) concept can be used in an explanation, otherwise it would be
questionable what this concept might even mean. But since the concept is put into
relation, it is already understood and not unfamiliar anymore. In other words, the
scientists operating with a new concept must make themselves familiar with it. It is like
the situation I discussed above: coming up with a new explanation for a not yet explained
phenomenon. After publishing their idea, other scientists need to understand the new
concept, too, and consequently judge if it makes sense to introduce such a new concept.
This situation can be compared to that of first-year bachelor’s students. They learn many
concepts that are unfamiliar to them but that are used to explain things. However, by
studying, using, and discussing them, they make themselves familiar with them. One has
always to keep the perspective in mind: For whom is a concept unfamiliar?

The second objection is that not every explanation seems to cite laws and is aimed
at the idea of the DN model. Consider the question “Why did the chair fall over?” An
acceptable explanation could be that it fell over because John kicked it. This explanation
works in everyday life because it fits into possible experiences of everyday life, but for a
trained physicist, this explanation would not be the whole story, at least not in physics
because this explanation is compatible also with the chair not falling over (even though
John kicked it). If the chair fell over because John kicked it, other conditions come into
play which physicists know as tilting moments and forces acting upon them. Physicists
will thus invoke laws to explain the tilting over of the chair.

The other objection is more fundamental. One can always ask “why?” again after
listening to an answer to a why-question. At some point no adequate answer can be given
anymore, but if explanation and understanding are inseparably connected, do we then
really understand anything? This argument overlooks something because it is normal that
the why-chain comes to an end. For example, if someone asks me why there was a poor
harvest this year, | could say that it was because of the severe drought. Even if | cannot
say why this drought occurred in the first place, this answer is still explanatory because
the concept of drought and its effects are known and can explain the poor harvest.° The

10 Neil Cooper (1994) categorized understanding in more detail. He distinguished, first, between semantic
and cognitive understanding. Semantic understanding is just the understanding of words. I know what the
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following why-question of why the drought occurred could be an unknown connection in
respect to understanding that is yet still to be found or rather made.

THE PROBLEMS REVISITED

Let me come back to the problems of irrelevance and of symmetry and show how
this enriched concept of explanation can solve the aforementioned problems. The problem
of irrelevance was illustrated by the example of the conductivity of metals. One can see
that the fact that something is an electrical conductor is irrelevant for its being subject to
gravitation. But why is it irrelevant? This is because in the conceptual net or paradigm of
relativistic and classical mechanics there is no connection between gravitation and
electric conductivity. The one and only concept that is connected to gravity is mass, so
we cannot think of this explanation as explanatory because we already understand that
only mass and gravity are directly linked together. Furthermore, we know that all
conductors as objects have a mass, so we already know how to fit into our paradigm the
phenomenon that conductors are subject to gravitational force. The information about its
ability to conduct electricity, thus, can only be seen as completely irrelevant.

| introduced two examples for the problem of symmetry. The first problem
concerned the explanation of the rise in pressure by the rise in temperature, connected to
the ideal gas law. It is now clear that only one direction is explanatory, at least in this
case. The scientist conducting the experiment will prepare an experimental setup such
that the pressure of the gas is measured depending on its temperature which can be
controlled through a heater, for instance. This experimental setup only allows one
direction of explanation; the other seems abstruse in light of the experimental context and
the implied causal chains, In fact, the other direction will not even come to the scientist’s
mind because it is quite trivial in this case.

The other problem was about the height of a flagpole and the length of its shadow.
From the angle under which the supposed linear light rays hit the flagpole and the height
of the flagpole, the length of the shadow is derivable. Due to the symmetry of the
geometrical equations used, one can also deduce the height of the flagpole from the
position of the sun and the length of the shadow. However, through personal experience
and the physical paradigm involved, one can only say of the first deduction that it is
explanatory. There are two possible reasons for this. First, one learned through interaction
with the world that the darkness of a shadow is equal to the absence of light, so light is
something in the world and darkness is only defined as the absence of light. Therefore, a
shadow means that some of the light is blocked by an object, for the shadow is visible as
an enclosed form within a surface that is lightened. This belief within the paradigm is also
supported or influenced by our experimental practice. We can change the length of the

words in a description of a volcano mean. Cognitive understanding, on the other hand, can be described as
finding one’s way and seeing connections between things, like knowing the possible effects of a volcano
and its connection to other phenomena. This metaphor aligns well with the one of the conceptual net
provided by a paradigm. His analysis is more thorough and could be a starting point to characterize
understanding in more detail.
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shadow by changing the height of the flagpole, but the opposite does not hold true.! |
think this becomes also apparent by thinking about the implied why-questions: Why does
the shadow have length X? Why does the flagpole have height X? In the former case, one
directly thinks about the incident angle of the light and the flagpole as explanatory
necessary and relevant factors, but in the latter case, one thinks instead of social,
functional, or material factors that influenced the manufacture of the flagpole. In fact,
physically speaking, it seems quite absurd to think that the height of the flagpole is
determined by the length of the shadow. Again, our understanding of the construction of
flagpoles predetermines the space of possible answers, rendering some unthinkable. The
problem of symmetry can, therefore, be solved by invoking causality, and the problems
of causality itself are solved by including the dimension of understanding. The paradigm
entailing laws, theory, application, and instrumentation manifests the causal relations in
accordance with the theoretical and the practical dimensions of science.

CONCLUSION AND OUTLOOK

What I have shown is that the concept of understanding joins the different accounts
of explanation and solves the two major problems of the DN-model. An explanation can
be defined as the active exhibition of the location of the phenomenon in the conceptual
net of a paradigm. The goal of an explanation is always to provide understanding for the
person that asks for one. This becomes particularly clear when one recalls that
understanding is the knowledge of the relations of entities in the world, so explanation
must indicate the right way of understanding a phenomenon. Once more, this
demonstrates how the two ideas are inseparably linked because in order to invoke one,
the other must also be invoked. Together with the characteristics of explanation stated
above, an outline of a possible account of explanation can be obtained that is developed
from the notion of understanding.

I think this discussion of (natural) scientific explanations can be extended to
explanations in the humanities, social sciences, and everyday situations because of the
interwovenness of theoretical and pragmatic considerations. A purely empiristic view of
explanation is consequently not tenable. In the end, a universal theory of explanation
could be obtained. This, in turn, questions the categorical divide between natural sciences
and humanities, thereby bringing them closer together.

As a contribution to a hermeneutics of natural science this approach showed that
explanation and understanding are two sides of one coin. Therefore, this approach can
help us get a better understanding of situations where explanations fail to provide
understanding. In fact, it gives us criteria for successful scientific communication, as
explanations are means to provide understanding for a questioner. Importantly, however,
one of these criteria is not a criterion, technically speaking. Only time will tell whether
an explanation meets the ,.criterion® of being convincing — but from a hermeneutic
perspective one can spell out what is entailed, culturally and linguistically, in the kind of
understanding that renders explanations convincing.

11 This argumentation is similar to the manipulist account of explanation (Woodward, 2004). This supports
my initial claim that understanding binds the different conceptions of explanations together.
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Abstract

This paper illustrates the role and position of hermeneutics methods in science and technology through the
analysis of a scientific case, namely the generation of modern molecular biology, and the difference,
connection, and mutual transformation of “description-text,” “understanding-text,” and “explanation-text”
in the process of scientific research. The results show that the interpretation and transformation of scientific
text often needs a certain cultural fulcrum and that it works by means of analogy. This is complemented
through natural language. The complexity and richness of language transformations allow for scientific
discovery and technological innovation to break through the limitations of objective conditions. A theory
of complex thinking systems illustrates these results relatively well. Through the analysis of hierarchical
levels of thought, two ways are revealed for transforming things and reducing them understandability.
Mediated by natural language, these two ways involve the transformation and recovery, firstly, of abstract
concepts in different layers, and secondly, of intuitive images in different layers. The results all provide
support for the ontological and methodological foundation of scientific interpretation methods. Science
and technology are facing more and more complex objects, and mathematical induction and deduction may
become more and more difficult. Therefore, scientific interpretation may become an essential way to
expand new fields of science and technological innovation.
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AHHOTanus

JlaHHast cTaThsl WILTIOCTPUPYET POJb U TMOJOKEHHWE METOJOB I'epMEHEBTUKM B HayKe U TEXHUKE depes
aHaTM3 HAayYHOTO CITydas, a MMEHHO 3apOKICHUS COBPEMEHHON MOIICKYIIIPHON OHMONOTHH, a TakKe
pa3iuyus, CBS3W M B3aUMHOW TpaHchOpMamuu “TekcTa- ONMUcaHUs”’, “TeKCcTa-TIOHWMaHUsA , W “TeKCTa-
00BsICHEHUS” B TPOIlECCe HAYYHOTO HCCICIOBAHUSA. Pe3ynmpTaThl MOKA3bIBAIOT, YTO WHTEPIPETALUS U
TpaHc(hOpMaIHs HAyYHOTO TEKCTa YacTO HYXKIAIOTCS B ONPENIEICHHON KyJIbTypHOH OTope, 4To paboTaeT
MOCPENICTBOM aHAJOTHHA. DTO JOTOIHACTCS €CTECTBEHHBIM SI3BIKOM. CII0KHOCTD U OOTATCTBO SI3BIKOBBIX
TpaHC(hOpMAIUK TO3BOJISIOT HAYYHBIM OTKPBITUSAM M TEXHOJIOTWYECKHM HHHOBAITUSAM IIPEOJOJICBATH
OTpPaHUYCHUS] OOBCKTUBHBIX YCIOBHUA. TEOpHUS CIOXKHBIX CHCTEM MBIIUICHHS OTHOCHUTEIBHO XOPOIIO
WTIOCTPUPYET ITU Pe3ynbTaThl. Uepe3 aHalnu3 UepapXUUeCKUX YPOBHEH MBIIUICHUS BBISBISIIOTCS 1B
MyTH MPeoOPa30BaHMS BEIIeH U YMEHBIIIEHUS UX MOHATHOCTH. OTIOCpETOBaHHBIE €CTECTBEHHBIM SI3BIKOM,
3TH JIBa IMyTH NPEANOJIATal0T TPAaHC(HOPMAIHIO U BOCCTAHOBIICHHE, BO-TICPBbIX, A0CTPAKTHBIX MTOHATHI B
Pa3HBIX CIOSIX, BO-BTOPBIX, HHTYUTHBHBIX 00pa3oB B pasHbIX cliosiXx. Bce pes3ynbTarhl 00ecrednBarOT
MOJICP’KKY OHTOJIOTHUYECKOW M METOJ0JOTHISCKON OCHOBBI METOJIOB HAYYHOH MHTeprpeTanuu. Hayka u
TEXHUKa CTAIKHBAIOTCS CO Bce OoJiee CIIOKHBIMU OOBEKTaMH, a MaTeMaTHYecKass MHIYKIAS U JIETyKITUSI
MOTYT CTAaHOBUTHCS Bce Ooliee U 6oiee TpyAHBIMA. TakuM 00pa3oM, HaydHasi HHTEPIIPETAIUSI MOXKET CTAaTh
Ba)KHBIM CIIOCOOOM paCIIMPEHUsT HOBBIX 00JIaCTel HAYKH M TEXHOJOTHYCCKIX HHHOBAIIUH.
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INTRODUCTION

Hans Georg Gadamer once interpreted hermeneutics as an activity generally
mediated by “natural language.” Interpretation is a method through which we can analyze
and solve problems from a rational standpoint, clearly explain the meaning of all aspects
of things, and obtain the meaning of truth.

Since the hermeneutic approach was transplanted from theology and the humanities
to the field of scientific and technological activities, scientific interpretation has gained
increasing attention. However, there is still a lack of specific examination and discussion
about the application and function of the interpretation method in the process of scientific
cognition, especially the analysis and textual research based on specific scientific cases.
The discussion of the scientific interpretation method remains to fully appreciate its
importance.

Hermeneutic approaches are very important for scientific research and
technological innovation - there is no doubt about this, as evidenced in the works of
Patrick Heelan, Joseph Kockelmans and others (Crease, 1997). But | argue that the
analysis of specific applications is more important. In my opinion, without the basis of
specific case analysis, a new method is difficult to be popularized, and effectively applied.
The value of the method can only be found through specific case analysis.

For this purpose, | choose modern molecular biology as the object of analysis which
I think is a typical case of applying and reflecting the value of the interpretation method.
The methodology followed in this case is unconventional, revealing the existence of
genetic information through an analogy in the medium of natural language. The discovery
process is the creation and interpretation of a series of texts, that is, the transformation
and recovery of natural language, including abstract concepts and intuitive images. By
deciphering description-texts, understanding-texts and explanation-texts, hermeneutics
gave birth to modern molecular biology.

The text transformation first involves the understanding of the text. Therefore, at
the end of this paper, a discussion of “understanding” is highlighted. Why can people
understand? Einstein argued that this is the hardest thing to comprehend in the world
(Vallentin, 1954, p. 24). I found that if the mechanism of “understanding” is placed within
the framework of modern hierarchy theory or the hypothesis of complex systems, there
will be a more reasonable explanation: The coordination between the hierarchical
discontinuities (emergent or emerging) in the thinking system is realized through
transformation and recovery within the conscious layers mediated by natural language.
“Understanding” is based on the instinctual ability to transform language, and language
naturally has the characteristics of human culture, and this explains why the application
of hermeneutic methods revolves around a certain cultural element.
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ONTOLOGY AND EPISTEMOLOGY OF THE INTERPRETATION OF
TEXT

Scientific research is also a hermeneutic process, and scientific discovery and
technological innovation are realized in the process of continuous interpretation of text.
Scientific knowledge activities can be mainly divided into three steps: description,
understanding, and explanation, there are accordingly the “description-text”, the
“understanding-text,” and the “explanation-text”. In a certain sense, scientific research is
the interpretation of these three texts. Before formally entering the specific case analysis,
it is necessary to first clarify the ontological and methodological basis of the interpretation
of text.

(1) Description-texts

The empirical statements of the experimental process and results about objective
object (usually using empirical vocabulary) form the original text of scientific
interpretation, namely the “first text”. The original text is a text formed by a simple
description, and so it is defined as a “description-text.” Although there are many different
statements for the same object, the same process, and even the same result because of the
different backgrounds of the researchers, after many observations and experiments by
many people, these empirical statements eventually tend to become consistent and
become recognized as empirical facts. Therefore, the description text can also be called
the empirical fact text (simply the “empirical text”).

To admit that the text can transmit the experience of empirical facts is to admit that
the text has a certain capacity to represent reality: The description-text composed of
empirical language represents existence. It is in this context that Gianni Vattimo wrote
that: “the question concerning a rationally grounded understanding of texts has
progressively tended towards the thinking of a general ontology” (Vattimo, 2015, p. 721).
The interpretation of empirical texts will eventually involve ontologies and epistemology,
because experience about existence is always based on epistemological foundations.

(2) Understanding-texts

The interpretation of a description-text is “understanding,” and the text produced
through understanding is an understanding-text. If the description-text represents the
facts, the understanding of the description-text is also the understanding of the objective
object. There is an essential difference between understanding and simple descriptive
empirical statements, and understanding is a deep rational activity. As will shown below,
the rational state of so-called reason is a state in which all layers of the human thinking
system are coordinated. Understanding-text is a new text produced through language
transformation in the state of reason, representing “theoretical facts,” so it is also called
“theoretical fact text” (“theoretical text” for short) which is the “second text” of scientific
interpretation.
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The physiological mechanism of understanding is far beyond the level of modern
science, and the hardest thing in the world to understand is human understanding itself.
Up to now the most advanced Al has not reached this level of understanding, or even the
ability to understand in general. The reason, | speculate, is that understanding is not a
step-by-step programming or statistical probability analysis. In terms of the external form
of understanding, namely language transformation, Al can imitate only one part, or even
a small part of it. Even the analysis of “artificial text;”, that is, the text generated by Al
technology, needs to rely in the end on hermeneutics methods, that is, on the
transformation and recovery mediated by natural language.

The text generated by understanding is usually composed of theoretical words (the
division of empirical words and theoretical words, although not very strict, is meaningful)
and more strict grammatical rules. Although understanding is a very personal matter, each
researcher has a different background and forms different understanding texts. By verbal
communication and mutual interpretation the researchers will produce relatively
consistent theoretical statements and form consistent theoretical texts, such as textbooks.
Natural language is a talent of human beings which is rooted in human social culture.
Therefore, in the interpretation process of transformation and recovery mediated by
natural language, it shows its powerful ontological and epistemological functions.

(3) Explanation-texts

A so-called “explanation” is the interpretation of the understanding text and the text
generated through explanation is the “explanation-text” which is the third text of scientific
interpretation. Since understanding is the understanding of empirical text, then
explanation is the explanation of the empirical text. Due to the complexity and richness
of the transformation and recovery mediated by natural language, through the
interpretation of a theoretical factual text, we can obtain many explanatory texts and
produce a new series of observable statements, which are not included in the already
known facts, except from the original empirical facts. So, the explanation-text is likely to
point to new facts that are yet to be recognized as objective or instead as illusions or
artefacts of the language games. However, scientific discovery and technological
innovation happen precisely because the same empirical or theoretical text can produce
many explanatory texts, a new explanatory text may lead to a new scientific discovery or
new technology.

(4) Brief sum-up

The analysis of text transformation and recovery mediated by natural language runs
through the process of description, understanding and explanation of scientific research.
As a scientific and technological research method, scientific interpretation has long been
overlooked, but its functions and affordances are becoming increasingly recognised for
their importance._As Joseph Kockelmans, a founder of scientific hermeneutics, pointed
out, when people look back at the history of science and technology they find, that natural
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science is born with hermeneutics, and evolved alongside hermeneutics in every aspect
(Crease, 1997, p. 264). Scientific interpretation combines scientific practice with
language analysis, and with the help of the cultural characteristics of natural language
itself it grants to the subjective active role in scientific and technological research the
basis of philosophical ontology and epistemology.

Based on the above cognizance, a typical case in biological science will be
examined below to further demonstrate the interrelationship of description,
understanding, and explanation, and the role of textual analysis.

THE TRANSMISSION MODE OF HUMAN CULTURE GIVING RISE TO
MODERN MOLECULAR BIOLOGY

In natural science research the concept of information first started in biology, or
rather, in molecular biological genetics. Before the birth of molecular biology, biological
science - as opposed to the natural history of biology - set the relationship between the
biological parts according to the traditional idea of physics and chemistry based on the
notion of reduction. In addition to the physical and chemical concepts of interaction, some
biologists have imagined ‘“organic forces,” such as “affinity,” “vitality,” and even
“willpower,” but there is no way to describe them scientifically. The biotic and abiotic
could neither be distinguished nor be connected, only described, neither understood nor
explained, until the molecular genetic mechanisms of organisms were revealed and
interpreted as information, the results of which show us that organisms are both material
and informational. Let's take a look at the process of discovering information in biological
genetics.

Information Interpretation of Biological Genetics

(1) From the description-text to the understanding-text

In 1953, James D. Watson and Francis Crick discovered DNA’s double-helix
structure and a special relationship between the nucleotides forming DNA molecules and
amino acids of protein molecules, a relationship that cannot be explained by traditional
physicochemical interactions. (The famous biologist Jacques Monod has carefully
examined and discussed this matter, see Monod, 1971). Scientists explain this particular
interrelationship in respect to “natural language” by using the characteristics of human
cultural transmission, interpreting it as a similar text communication coding relationship
(see Figure 1). A set of cryptographic books used by the whole organic world was then
discovered. Thus, from an incomprehensible description text, through scientific
interpretation to an understandable text, the theory of biological genetic information was
finally established.
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Coat protein Stop Replicase

Figure 1. The understanding-text interpreted from the description text: The nucleotide
program and corresponding proteins of the mMRNA molecule of phage R17 (Sheng, 1976, p. 39).
A bioinformation interpretation is based on a human cultural information model. The genetic
characteristics of organisms are recorded in an encoded form, similar to a string of characters in
human culture that is both material and informational.

The bacteriophage R17 is a relatively simple organism consisting of three proteins:
a protein, coat protein, and replicase. Figure 1 illustrates the nucleotide sequence of the
MRNA molecules of bacteriophage R17 and their corresponding proteins. Note that it is
the product of the scientific interpretation by way of a hermeneutic method. Formally,
this is similar to a language that is part of human culture: There are letters (A, G, C, U
being the four nucleotides), words composed of letters (triplet codons corresponding to
the different amino acids: R, S, N, F...), sentences composed of words (determining the
amino acid sequence of a protein), paragraphs (determining the amino acid sequence of
multiple proteins), and specialized starting and terminating symbols between sentences
and sentences, paragraphs and paragraphs. The relationship between the structure of a
phage mMRNA molecule and the overall function of the phage is understood only by human
intelligence because it is both material and informational. The origin of the special coding
form of biological genetic information is still a mystery today, but it is an indisputable
fact that biological heredity (or the continuation of life) can be understood and recognized
only on the terms of an interaction of information.

Therefore, by way of interpretation based on the way of human cultural
communication, the scientific vision really enters the information world, starting with the
biological system.

(2) From the understanding-text to the explanation-text

Figure 2 shows a text that is the biological genetic code book deciphered from the
above understanding-text. This text enables a full explanation of the coding relationship
of genetic material and genetic information, and shows the relationship between
nucleotides and amino acids at a glance - which are connected not by mechanical and
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statistical decisions, but by passwords. This explanation-text not only fully explains the
genetic mechanism (understanding-text), but also fully explains the genetic phenomenon
(description-text).

U C A G
Phe/F (ULU) Ser/S (UCU)Y Tyr/Y { UALT) Cw/C (UGU) U
U | PrefFUUD) SerfS {UCC) Tyr/Y (UAC) ceac(u;c) C
LewL (UUA) Ser/S (UCA) Seopl (UAA) Stop1 A
LewL (UUG) Ser/5 (UCG) [Swpl (UAG) | ToyW (UGG G
Lew/L (QUUY Pro/P (CCU) His/H (CAU} ArgR (CGUY U
c | LewL (QX)} Pro/P (CCC) His/H ( CAC) AR (CGC) C
LewL (QUA) Pro/P {CCA) GInfQ) (CAA} ArgR {CGA) A
LewL (QJG) Pro/P { CCG) GinQ (CAG) ArgR {CGG) G
e (AUU) Th/T (ACU) Asn/N (AALT) SerS (AGU) U
A | Def {ALKX) The/T { ACC) Asn/N {AAC) Ser/S { AGC} C
e/l {ATIA) Thi/T {ACA) TywK (AAA} ArgR {AGA) A
MUESmrt] (AUG) | Thy/T (ACG) Iyw/K {AAG) ArgR (AGG) G
Va/V (GUL) Al/A (GCLD Asp/D (GALD) Gly/G (GGU) U
c | vawv (G) Aln/A {GCC) Asp/D (GAC) Gly/G (GGC) C
va/V (GUA) AljA {GCA) GIWE {GAA}Y Gly/G (GGA) A
Va/V (GUG) Al/A (GCG) GWE {GAG) Gly/G (GGG) G

Figure 2. The explanation-text interpreted from the understanding-text. The triplet genetic
code book of one amino acid is determined by three nucleotides (Sheng, 1976, p. 18)

Information Interpretation of the Biological Variation

(1) The description-text

Geneticists have observed that the phenotypic differences between two generations
cannot be explained through an interaction at the same layer, i.e., the idea of acquired
inheritance is untenable, which leads to the theory of the separation of germplasms and
constitutions. The germplasm determines the basic characteristics of an organism in
future development, equivalent to a set of instruction vectors. Evidently, this process is
closer to the category of “information” than that of “pre-formation”. Just as a book is the
product of human culture, so germplasm and similar variation mechanisms have the
function of storing information. The concept of germplasm indicates that the notion of
information has entered the vision of scientists, and the objective reality of the
information became accepted.

Then came the question. On one side, experiments in genetics arrived at the
following statement: The change of constitution does not lead to a corresponding change
in germplasm. This was shown by Weismann‘s experiment of repeatedly cutting off the
tails of several generations of multiple white mouse specimen where none of the new-
born animals showed a reduction (or elongation) in their tails. Hence, it was shown that
a phenotypic change does not produce a genotypic change, and the acquisition cannot be
inherited. But, on the other side, the archaeological study of fossils arrives at the
statement Over a long course of time some species disappear, some new species are
produced, and other species have been evolving. If we assume that we have no further
empirical statements to settle the dispute, then we are facing a stalemate. What makes the
genetic information change?
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(2) The understanding-text

By the interpretation method an understanding-text was given, based on the
“support” of characteristics that are shared with the mode of dissemination of human
cultural information. The characteristic of human cultural information transmission is 1)
that the information content depends on the composition and order of letters, words
(punctuation), phrases, sentences and paragraphs in the information carrier (language),
and 2) that it can only be changed by modifying the structure and order of words.
Applying these same features to evolutionary biology we arrive at a new text. The content
of the new text is that the changes of a genetic material carrier in the natural environment
lead directly to changes of genetic information content, then to changes in genetic traits.
It is also that the changes in phenotypic shape, though they are determined by genetic
information, synchronized with the changes of natural environment, do not lead to
changes in the content of genetic information and therefore do not alter genotypic shape.

(3) The explanation-text

From the interpretation of the understanding-text, scientists (physiologists and
physicists) interpret different explanation-texts through the mediation of natural
language. One of them is that biological genetic variation is the change of different
material layers of macro and micro, and the change of different material layers has their
own causes. The change of genetic material plays a decisive role in genetic trait variation,
with the change of genetic material happening in the same material layer. This
explanation-text provides an observable statement: energy radiation leads to genetic
variation, and specific energy radiation can lead to specific genetic variation.

(4) The validation to the observable statements of the explanation-text

The exchange between DNA molecular bonds is the most fundamental change in
genetic material, and the bond energy structure is an important component of the structure
of the molecular energy field. Each bond in each biomolecule, whose energy state is
different, has its own intrinsic vibrational frequency. Due to quantization, the interaction
between the energy fields is highly selective, i.e., the bonds with a certain intrinsic
vibrational frequency can only interact with the corresponding radiation energy field that
almost has no influence on other bonds. Therefore, if this energy field is large enough,
the resonance (activation speed) of the bond will greatly exceed the thermal speed of the
molecule to release the stored energy. The energy state of the whole molecule will change
and jump into another steady state, and then isomerism of the base molecules occurs,
which leads to new sequencing of the DNA (Pullman & Pullman, 1963, p. 209).

Scientists have noticed that the genetic effects of radiation biological mutagenesis
come not from direct physical interactions but from information interactions caused by
physical interactions. Evidently, the same radiation energy has different effects on the
germplasm and constitution of an organism, and heredity and variation can only be
explained by information interactions. Experiments show that far-infrared laser radiation
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can lead to the generation of consistent genetic variation within populations (Wang &
Wang, 1999, p. 1011-1013).

Information Interpretation of the Organism Survival and Growth

(1) The description-text

The properties and states of all layers in an active organism must be coordinated
and unified; they can be adjusted at any time as the environment changes. Organisms
have the invariable ability to maintain their own form and function for a period of time in
the process of material metabolism and energy metabolism, while non-living things that
follow traditional physical and chemical laws have no such ability.

(2) The understanding-text

How does one layer change its state of time and space according to the change of
another layer? If the question is expressed in an anthropomorphic way, that is, how does
one layer get to know the changes of some other layer, simultaneously reacting
accordingly? In human society this is effected by one layer sending messengers to those
other different layers. Based on the interpretation of human social and cultural
characteristics, the description-text is transformed into an understanding text: there is
information communication between different layers and cross layers of the organism.

(3) The explanation-text

All layers and parts of the organism can be coordinated in the process of survival,
because they establish informational communication connections. This explanation-text
presents the observable statement that various layers and parts of the organism exchange
their messengers.

The results of further analysis on higher organisms suggest that there is indeed such
a way of communication in living organisms. Take humans as an example, it has been
found that the three messengers delivering life information between the layers of the
human body are: hormones, prostaglandins (local hormones), and adenosine cyclic
phosphates (CAMP). They work together to complete the task of delivering life-sustaining
information in a relay way which is really similar to human communication. Hormones
are the first messengers of endocrine glands directly secreted into the blood to transmit
life information and instructions, such as insulin and pituitary hormones. Prostaglandins
are a group of unsaturated fatty acids synthesized on a variety of cell membranes in the
human body. The cAMP is a special type of nucleotide that regulates the physiological
activities of cells and substance metabolism.

The main sites of human hormone production are: the pituitary gland, thyroid gland,
parathyroid gland, pancreatic islets, adrenal gland and gonads, which can be compared to
outposts at the highest layer of the human body, and they all activate under the
coordinated control of the hypothalamus. All kinds of hormones are distributed
throughout the body. although the ones that have extensive contact with tissue cells can

82
soctech.spbstu.ru



Technology and Language Texuomnoruu B uadochepe, 2024. 5(1). 73-88 ﬂ
i

only act on tissue cells that recognize donor information. For example, hormones bind to
receptors on the target cells to promote prostaglandin synthesis on the cell membrane,
then the prostaglandin activates intracellular adenylyl cyclase, converting the intracellular
energy storage material adenosine triphosphate (ATP) into CAMP with the participation
of magnesium. cAMP activates protein kinases within cells, producing a series of
enzymatic reactions that allow cells to produce specific physiological effects. The
prostate numbers and cAMP not only perform the mission of delivering hormonal
information, but also constitute a tertiary amplification system of this information,
making the processed information expand ten thousand times so that the hormones of
several molecules can make the cell have significant physiological effects.

The role of the messengers is to convey information between the qualitative
material layers in the organisms, adjusting the spatial and temporal relations of various
layers. The messengers are not the independent material layers in the biological system,
and the information they carry is not enough to establish a new derivative layer, but if
such a communication system established by messengers were to be lost, the organism
would not be able to survive in the unpredictability of the environment (Wang, 1993, p.
123-124).

(4) Brief sum-up

Since Schrodinger (1944) boldly proposed cryptological determinism, a complete
biological genetic code book was deciphered in the 1960s. From that moment, biologists
have used a set of concepts similar to human cultural communication to describe,
understand, and explain the variation, survival, development and evolution of organisms,
such as: information, vector, replication, transmission, conversion, transcription,
translation, recognition, and expression. And molecular biologists have also created a set
of terms of corresponding materialization mechanisms: codons, anticodons, insertions,
transposons, introns, exons and operons (see Figure 3).

(Structural genes of three enzymes)

(Regulatory gene) (Manipulation gene) / \ \
j o z y a
1 L L L L 1 An expression program

Transcription orientation

Figure 3. An understanding-text about developmental control (The "operon" model created by
Jacob & Monod, 1961).

THE UNDERSTANDING OF "UNDERSTANDING"

Albert Einstein once said, “the most incomprehensible thing about the world is that
it is at all comprehensible” (Vallentin, 1954, p. 24). Really, the most difficult question in
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the world to understand is why people can understand. “Understanding” is in the middle
position between description and explanation, and is a key feature of cognition. If the
description-text cannot be understood, there cannot be an explanation of the things
described, and thus predictive statements cannot be obtained. As | mentioned earlier,
“understanding” is a strictly individual event. What individuals do in their rational state
is something that we do not clearly understand in terms of their physiological mechanism.
However, I argue that “understanding” itself can also be understood through
hermeneutics. I propose to treat this question in the framework of a ,,thinking system,* a
proposal that proves to be productive.

The hierarchy and complexity of the thinking system

We can build the administrative-levels mode of the thinking system. It is organized
by consciousness with many layers: direct perception / indirect perception / rational
faculty / worldview / consciousness / the subconscious / top-consciousness. The existence
of top-consciousness requires special emphasis. It is an as yet unclear and unconfirmed
part of consciousness as it relates to the physical mechanism (Wang, 1993, p. 139). Of
course, such a division of consciousness is not strict and needs to be further explored, but
it seems evident that consciousness is layered hierarchically (see Figure 4).

-

tOp—CONSClOUSNESs - .- - -

2N
subconscious [ _?,.\_\_lx
Consciousness CONSClOUSNESS _____.'{_ Y
hierarchies . /\
worldview  —  --c.-o-£oo
rational Ffaculty __.-__,/_/'\_\.
indirect perception --...-.- /_7\\_
- direct perceptlion --..---- Z\_‘L

Figure 4. Hierarchical structure of the thinking system (Wang, 2006, p. 255).

The illustration about the layered structure of the thinking system is absolutely
necessary to understand the completeness, creativity, and mechanisms of cognition. It
reveals that human understanding, or cognition, is not a linear process, nor is it merely a
leap through perception and rationality. During the process of actual thinking or
cognition, many layers work together. They are conceptually distinct and can be
considered independently even though they contain, restrain and influence each other,
forming complex interacting relationships. This process follows a creative trajectory and
its creativity comes from the complex interactions between the layers. Thinking systems
have standards of values and psychology besides the general characteristics of complex
systems, such as mutation, restriction, coding, and organization.

In the human thinking system, each consciousness-layer has its own substance with
special form, that comes from abduction of higher layers and abstraction from lower
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layers, and by influence from outside the system. As in any natural hierarchy, a
functioning consciousness hierarchy cannot be reduced. All layers of consciousness work
together and support each other, none of them work alone. During thinking they all play
a supporting role. Cognition is a complex event worked on by the whole brain
(consciousness). It is unnecessary to refer to a presupposed basis or foundation of
rationality. The rationality of knowledge can only be found when thinking is considered
as multi-layered complex system, and when the content of one layer is supposed to be the
foundation of others, and if a traversal across layers is defined as the organizastion of a
new idea.

To Understand ""Understanding™ from a Hermeneutic Perspective

From the above analysis, it is not difficult to see that “understanding” is realized
through complex interactions between the layers of thinking systems. The hierarchical
theory of thinking provides a new perspective on “understanding.” Through this new
perspective, we find two patterns or ways of “understanding”: in different layers and
across layers, the transformation and recovery between abstract concepts, and that
between intuitive images. The understanding-text is the result of successful
transformation and recovery.

(1) Understanding through the transformation and recovery of and among
abstract concepts

The concept is the core element of the thinking system, formed through the process
of abstraction. Different layers of consciousness hold concepts with varying degrees of
abstraction. These are expressed externally in form of words, which consequently possess
a hierarchy. The interrelationship among them mirrors the interconnection between
concepts.

In essence, “understanding” refers to the continuous generation of new connections
among the concepts of each thinking layer (see Figure 5). This dynamic process
ultimately leads to a state of mutual support and coordination, which can be described as
a state of understanding, or a rational state.

top— ongciousness

subconscious — Answer

consciousness —_ T Rational ’ / -;\
\

worldview ——

— state \ . }
rational faculty a-*"’____ " — \;/
Ask

L]

-
T . T
indirect perception a-“'f:_,.f

direct perception -

Figure 5. Understanding in the rational state.
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(2) Understanding through conversion and recovery among intuitive images

In the absence of concepts or with unclear concepts, the brain's understanding of
things depends on the conversion and recovery between intuitive images (intuitive
models) at different layers of consciousness (see Figure 6). The visual images support
each other, thus achieving an understanding of things. There are jJumps and discontinuities
between the intuitive models at each layer, and the connection to them depends on the
intuitive experience of each person. | speculate that this is the human ability to understand
instinctively.

—
Transform '}
X
Model W—yModel X|—{Model Y|—{ Model Z Y
T | Z

Figure 6. Understanding through different layers of intuitive image conversion (Wang, 2007,
p. 267).

Understanding by conversion and recovery among intuitive images at different
levels is mediated by human intuitive experience; as in the case of conceptual
understanding, this kind of understanding is also characteristic of human culture. Any
understanding has a certain cultural background, which was confirmed in the previous
case analysis of modern molecular biology.

The hierarchical structure of the thinking system and its complexity are an
important theoretical framework for us to understand "understanding."

CONCLUSION

From the analysis of the case of the birth of modern molecular biology, we can see
that the hermeneutic method mediated by natural language and intuitive experience runs
through the intepretive process of description, understanding, and explanation in
scientific cognition. Scientific knowledge is a process of the transformation and reductive
recovery of text. The mutual support and validation of "describing text,” "understanding
text," and "explaining text" are the most basic requirements for the interpretation of text.
The interpretation of information based on human cultural exchange patterns has led to
modern molecular biology, as well as many other scientific discoveries and technological
innovations, such as Information Science and Artificial Intelligence (Wang, 2022, pp.
183-190). The cultural elements in natural language and intuitive experience make the
hermeneutic method rely on ontology and methodology. The application of hermeneutic
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methods often requires a cultural moment as a fulcrum, which can be anything that the
researcher has understood. With the theory of a complex hierarchical system one can
obtain a clearer understanding of human “understanding.” Scientific interpretation will
become an increasingly important method in scientific research, because science is facing
more and more complex objects, and mathematical induction and deduction may become
more and more difficult. Therefore, scientific interpretation may become an essential way
to expand new fields of science and technological innovation.
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Abstract

The combination of artificial intelligence and science creates a new method for scientific research, which
has achieved magnificent success, but also raises questions of how to understand the knowledge produced
by this method. Hermeneutics is a method of interpreting scripture that is widely used in the humanities
such as history. Based on the history of science, Thomas Kuhn suggests that science can also be understood
hermeneutically. Building on Kuhn’s work, Joseph Rouse argues that there are two hermeneutics for
understanding scientific knowledge, a theoretical hermeneutics and a practical hermeneutics. The
knowledge generated by Al-enabled science can also be examined from the perspective of these two
hermeneutics. Theoretical hermeneutics argues that scientific knowledge has not been revolutionized at the
theoretical level and that Al is only another tool to improve the efficiency of scientific research. However,
this approach fails to acknowledge problems of Al-enabled knowledge generation such as data as a new
form of publication and Al-assisted writing, automated laboratories, the role of Al in knowledge generation,
and the opaqueness, unexplainability and bias of machine learning-generated knowledge. This article
suggests the need for practical hermeneutics to address the above issues and to understand the knowledge
produced by new research methods in the context of scientific practice.

Keywords: Al for science; Theoretical hermeneutics; Practical hermeneutics; Joseph
Rouse
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AHHOTanus

CoueTaHue HCKYyCCTBEHHOTO MHTEIUIEKTa M HAyKH CO3/1aeT HOBBIM METOJ HayuyHBIX HCCIIEIOBaHMH,
JIOCTUTIIMK BEJIMKOJEIHBIX YCIEXOB, HO TAKXE CTaBALIUIl BOIPOC O TOM, KaK IIOHMMAaTb 3HAHUS,
[IOJIy4YEHHBIE € IIOMOLIbI 3TOr0 METOJA. I’ epMEHEBTHKA — 3TO METOJ TOJIKOBAHUS CBSILECHHBIX TEKCTOB,
KOTOPBII NIMPOKO HCHOIb3YETCsl B 'yMaHUTAPHBIX HAayKaX, TAKAX Kak ucTopus. OCHOBBIBAsICh HA HCTOPUU
Haykd, Tomac KyH npeanosaraer, 4To HayKy MOXHO INOHUMATh U TepMeHeBTHUeCKH. OCHOBBIBAsCh Ha
pabote Kyna, J[)xo3ed Poys yrBepxaaer, 4To CyIIEeCTBYeT ABE TEPMEHEBTUKH JUIS TOHUMAHHS HAyYHOTO
3HAHUS: TEOPETUUECKAsi TEPMEHEBTHKA U IPAKTHYECKAs FEPMEHEBTHUKA. 3HAHMs, FEHEPUPYEMBIE HAYKOH C
nomo1neto MU, Takke MOKHO paccMaTpUBaTh ¢ TOYKU 3PEHUS ITHX JIByX T'€PMEHEBTHK. TeopeTrndeckas
TEepPMEHEBTHKA YTBEPKAAET, UTO HAYYHOE 3HAHUE HE MOABEPIIIOCH PEBONIIOLUH HA TEOPETHYECKOM YPOBHE
u yro MU nuis erie oJiMH HHCTPYMEHT IMOBbIIIeHUs (PEKTUBHOCTH HAYYHBIX HccienoBaHuil. OiHaKo
3TOT MOJIXO/ HE YUUTHIBACT MPOOIEMbI FTeHepallni 3HaHUH ¢ omoIisio MY, Takne kak JaHHbIE, KaK HOBas
(opma myOnukanmy; HanmucanHoe ¢ momomrsio MU; aBTOMaTH3upoBaHHBIE n1aboparopun; poas MU B
TeHepalMy 3HAHUH, a TaKKe HEMPO3PAYHOCTh, HEOOBSICHUMOCTD U MPEIB3ATOCTh 3HAHUS TOIy4YEHHOTO C
MOMOIIIBI0 MAIIMHHOTO O0yd4eHus. B maHHON cTaThe TOBOPUTCS O HEOOXOIUMOCTH TPAKTUYECKOM
TepMEHEBTHKH /IS PEIICHHUs BBIIIEYKa3aHHBIX IPOOJIeM U MOHUMAaHHS 3HAHUH, TOTyYaeMbIX ¢ TIOMOIIBIO
HOBBIX METO/I0B HCCIIEJOBAHUS, B KOHTEKCTE HAyUYHO! IPAKTUKU.

KarwueBbie cioBa: VckyccTtBennblil uHTeiekT; MW s Haykum; Teopermdeckas
repMmeHeBTHKa; [IpakTudeckas repmeneBTuka; J»o3zed Poys

Baarogapuocts TsHETSHB JIf0 Onaromaput “BTopoit MexXITyHapOIHBIH CEMHHAD IO TEPMEHEBTHKE HAYKH
U TexHoJorui”, cocrosiBumiics B utone 2023 roaa B KOxxHo-KuTaiickoM TEXHOJIOTHYECKOM YHUBEPCUTETE.
OHa Takxe BbIpaxkaeT npusHarenbHOCTh ['oroil Bany m MHuynp Bany 3a BakHble KOMMEHTapHH IO
koHuenuusM “Uerseptoil napagurmsl” 1 “MckyccTBeHHOro MHTeIIeKTa Juid Hayku . Kpome Toro, Kapn
Mutuem 6narogaput ['orost Bana 3a To, 4TO OH MIPHUHSI €T0 B KAY€CTBE MPUIJIANIeHHOTO yueHoro B [lenTpe
STHKH HAYKH ¥ TEXHOJIOTHH I OyAyIIero 4enoBedecTBa.

Just uutupoBanus: Liu, T., Mitcham, C. Toward Practical Hermeneutics of Fourth Paradigm Al for
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INTRODUCTION

At a January 2007 meeting of the U.S. National Research Council, Turing Award
computer scientist Jim Gray gave a talk suggesting that, with the development of new
methods for data collection and analysis, a new paradigm was emerging in the practice of
what he called “e-science.” In his words,

Originally there was just experimental science, and then there was theoretical
science, with Kepler’s Laws, Newton’s Laws of Motion, Maxwell’s equations, and
so on. Then, for many problems, the theoretical models grew too complicated to
solve analytically, and people had to start simulating. These simulations have
carried us through much of the last half of the last millennium. At this point, these
simulations are generating a whole lot of data, along with a huge increase in data
from the experimental sciences. People now do not actually look through
telescopes. Instead, they are “looking” through large-scale, complex instruments
which relay data to datacenters, and only then do they look at the information on
their computers.

The world of science has changed.... The new model is for the data to be captured
by instruments or generated by simulations before being processed by software
and for the resulting information or knowledge to be stored in computers.
Scientists only get to look at their data fairly late in this pipeline. The techniques
and technologies for such data-intensive science are so different that it is worth
distinguishing data-intensive science from computational science as a new, fourth
paradigm for scientific exploration. (in Hey et al., 2009, pp. xvii-Xix)

This idea was more formally iterated in a 2009 “Perspectives” piece in Science (Bell
et al., 2009) and became the theme of an oft-cited book (Hey et al., 2009). In 2020, the
argument was expanded in a U.S. Department of Energy (DOE) report, Al for Science.
Using the term “data-intensive science,” it surveyed a “new generation of methods and
scientific opportunities in computing, including the development and application of Al
methods (e.g., machine learning, deep learning, statistical methods, data analytics,
automated control, and related areas) to build models from data and to use these models
alone or in conjunction with simulation and scalable computing to advance scientific
research” (Stevens et al., 2020, p. 1).

Jim Gray and the DOE report are concerned with how to interpret the knowledge
produced by the new methods of data-intensive science: how will it fit with or advance
existing scientific knowledge? But to examine Al for science solely in terms of its
knowledge-producing potential elides its practical or power-altering aspects. New
methods of knowledge production invite practical as well as theoretical hermeneutic
reflection. Drawing particularly on the work of philosopher of science Joseph Rouse, we
seek to introduce practical hermeneutic reflection on this variously named “fourth
paradigm” that is alleged to form a historically emergent complement to scientific
traditions of empirical description, mathematical modeling, and computational
simulation.
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SIGNATURE ACHIEVEMENTS OF FOURTH PARADIGM SCIENCE

To appreciate the character of fourth paradigm science, consider some signature
achievements. One highly representative example is protein 3D structure prediction.
Machine learning from protein structure databases has enabled AlphaFold to predict
protein structure (Jumper et al., 2021). This development dramatically reduces the time
required for protein structure prediction and supersedes previous experimental methods
(such as cryo-EM) to provide a more rapid method for designing new proteins.

Another example is the recent Chinese development of an “all-around Al-Chemist
with a scientific mind” that can read literature, design experiments, complete
experimental processes, analyze data, and finally produce predictive models to obtain
material samples with desirable composition ratios (Zhu et al., 2022). Such instruments
radically reduce the amount of time human chemists spend on experiments and alter the
way new materials can be discovered or engineered with potential to transform the
chemical laboratory of the future. Generative Al is another tool for speeding things up by
quickly surveying the literature and providing first drafts for reports (Noy and Zhang,
2023).

Al for Science surveys related changes in computational materials science, digital
earth systems science, computational biology, and high energy and nuclear physics.
Similar transformations are occurring in the social sciences (Hill, 2020). AI’s introduction
into multiple fields produces efficiencies and results that could not have been imagined
with previous methods, thus exemplifying the potential of the new paradigm in scientific
research (Xu et al., 2021) and in many engineering fields (Montans et al., 2019). On the
basis of such achievements, data-driven and Al-enabled research is being interpreted as
a historically new, fourth paradigm of science.

THE PERSPECTIVE OF HERMENEUTICS

The philosophical name for the conscious attempt to make interpretations is
“hermeneutics.” Hermeneutics was originally concerned with methods for the theoretical
interpretation of sacred texts such as the Bible that were considered culturally
authoritative. As the Bible was supplemented or replaced by secular texts such as legal
codes or culture-defining works of art, hermeneutics became the basic method of the
social and human sciences. Insofar as natural science was presumed to produce positive
or causal knowledge that was self-confirming, hermeneutics was a method distinct from
that which is operative in the modern natural sciences. In the philosophies of Martin
Heidegger and Hans-Georg Gadamer, interpretation or hermeneutics even became the
definitive difference between the human and the scientist.

The fundamental insight of hermeneutic philosophy is that there is no privileged,
unguestionable, or certain beginning to thinking or living. Human beings are born into
and become conscious of themselves within a context that encompasses them; they learn
to understand it and themselves in a repetitive, piecemeal process that moves back and
forth from part to whole and whole to part. In the hermeneutics of texts such as the Bible,
for instance, early Christian theologians such as St. Augustine argued against any quick
and easy interpretation of the meaning of particular words or passages in the Bible. The
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parts must be understood in light of the whole and the whole from the parts. It was a
circular or, better, a spiral process of developing a progressively more comprehensive and
adequate understanding of the text.

The 19th-century German philosopher Wilhelm Dilthey argued that the same
process is foundational for the development of historical understanding. Historians work
back and forth from the reading of historical documents and descriptions of previous
events to the development of an understanding of what life was like at some time in the
past — or perhaps in another, foreign culture in the present. To this kind of humanistic
understanding, Dilthey contrasted the causal or explanatory knowledge produced by the
natural sciences: knowledge of how A causes B, as a result of the peculiarly productive
combination of experiment and mathematical model creation found in modern natural
science.

Yet insofar as hermeneutics defines the human, not just the humanities — that is,
insofar as to be human is to seek understanding of oneself through a hermeneutic
engagement with the world — it must also be present in the natural sciences; it ceases to
be a method peculiar to the human sciences alone. Since scientists are also human beings,
and to be a scientist is just one way of being human, hermeneutics will be present in the
sciences. Hermeneutics is universalized; it applies across all disciplines.

During the mid-20th century, philosophers of science began to recognize two senses
in which the methods of hermeneutics are relevant to understanding the natural sciences.
In one sense, the history of science requires interpretation. As Thomas Kuhn observed in
an autobiographical reflection,

What I discovered in studying Aristotle was that a text required interpretation. And
by interpretation I mean something similar to what was then quite well known in
Europe ... as hermeneutics.... It was a way of reading texts, of looking for things
that don’t quite fit, puzzling over them, and then suddenly finding a way of sorting
out the pieces. (Sigurdsson, 2016, p. 21)

In a second sense, even within science itself, again, as Kuhn recognized, scientists
use principles of hermeneutics to find ways of sorting out pieces of experimental data and
unite them into theories. Experiments cannot produce knowledge of causal relations that
do not depend on interpretations about what counts as a cause or a relationship. An
interpretation may be latent and un-thematized in a scientific paradigm of knowledge
production, nevertheless, it is there and calls for philosophical articulation.

In the case of Kuhn and science generally, hermeneutics in both senses remains
largely concerned with concepts and theories. Late in the 20th century, a new kind of
philosopher of science, a science studies philosopher, began to argue that there was also
a hermeneutic circle at work in scientific practices. The hermeneutic circle is present in
the natural sciences when particular experimental results are interpreted in the light of
theories or models and vice versa. But as experimental processes become more and more
dependent on increasingly complex instrumentation, the hermeneutics of ideas demands
complementation by a hermeneutics of practice. To understand science more fully, we
need to interpret relationships between concepts and theories and relationships between
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scientific practices and society. One philosopher of science who has focused especially
on developing a hermeneutics of practice is Joseph Rouse.

HERMENEUTICS OF PRACTICE

In Knowledge and Power Rouse (1987) charts a transformation in philosophy of
science that emerged in the wake of Kuhn and the rejection of logical empiricist accounts
that held sway in Anglo-American philosophy until the 1960s. Rouse’s account is
concerned in the first instance with how the opening up of the laboratory to ethnographic
inspection revealed how material practices contributed as much as logical methods to the
production of scientific knowledge (e.g., Latour and Woolgar, 1986). The key feature of
post-empiricist philosophy is the questioning of any naive representational theory of
knowledge. Rejecting the naive empiricist belief that scientific methods, when successful,
provide direct observational access to and representations of reality, post-empiricism
argues that

scientists compare their theoretical representations with other theoretical
representations rather than with the observed, uninterpreted world. The history of
science is not a story of the gradual accumulation of a storehouse of knowledge
about the given world. It tells instead of discontinuous changes in the overall
structure of our representations and, with them, of changes in how the world
appears to us. This revised picture of science has had some remarkable successes,
both in resolving the many embarrassing conceptual difficulties in empiricist
philosophy of science and in developing a fruitful dialogue between historians and
philosophers of science. (Rouse, 1987, p. 4)

What it has not so well developed in post-empiricist philosophy, however, is an
understanding of the technological power of science. As Rouse remarks, quoting Hilary
Putnam: “non-realist accounts of science (such as the post-empiricist model...) seem at
first glance to make the technical success of science a miracle” (Rouse, 1987, p. 6). Post-
empiricist philosophy further tends to undercut the ability of science to, quoting a
shibboleth, “speak truth to power” (Marmot, 2017). If scientific knowledge production is
influenced by irrational power conditions, then on what basis does it claim to correct or
oppose power?

According to Rouse, classical empiricism provides three views of the possible
relationship between knowledge and power. First, knowledge can be applied in order to
make power more effective. Second, power can be used to inhibit or distort scientific
research. (Only later does Rouse note that power can also fund or support scientific
research; presumably, if knowledge is being used by power, power will also be interested
in supporting its production.) Third, knowledge can be liberating from the repressions of
power. In all three cases, however, knowledge and power are conceived of as separate or
independent, and power is located primarily in individual agents.

The received view of science-power relations is mistaken, according to Rouse. “It
leads us to overlook important ways power is exercised today and to misunderstand both
scientific practices and their political effects” (Rouse, 1987, p. 17). There are, for Rouse,
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two philosophies of science that open up possibilities for better understanding of power-
knowledge relationships: pragmatism and what he calls the “new empiricism.” Yet
insofar as pragmatism and the new empiricism highlight solely the constructive (or co-
constructive and contingent) character of scientific knowledge and the ways power
relationships influence epistemic production, it fails to adequately analyze the nature of
power. Rouse aims to remedy this deficiency by reintroducing practical hermeneutics.

According to Rouse, the universalization of hermeneutics — that is, the idea that
both the natural and the human sciences are hermeneutical — does not do away with a
distinction between theoretical and practical hermeneutics.

Theoretical hermeneutics is a theory-dominant philosophy of science. ...[I]t
assigns a preeminent role to theories (i.e., a particular sort of semantic structure)
within the practice of scientific research. Experiments and observations are
significant only within a theoretical context. Theory guides the construction and
performance of experiments, supplies the categories within which observations
are to be interpreted, and mediates the transmission and application of results of
research. Ultimately, theories are the end product of research: the aim of science

is to produce better theories.... “Theory” has commonly signified a kind of
understanding that is not tied to our practical involvements with the world. (Rouse,
1987, p. 69).

Science is not only the production of propositions interpreted within a theoretical
framework; it exists in the patterns that emerge from the interdisciplinary interaction
between actors, the instruments, and the objects of scientific research, constructing both
the actors and the environment. “Scientific practices, and the extension of their models,
practices, and constituents beyond the laboratory, reconfigure the possibilities in terms of
which people can intelligibly understand and enact their lives” (Rouse, 1996, pp. 132-
133). Science today can no longer be interpreted simply as knowledge production but
needs to include critical reflection on the practical dimensions of research. Rouse argues
for developing accounts of scientific practice as an activity within historical, social,
technological, and psychological constraints.

Scientific practices rearrange our surroundings so that novel aspects of the
world show themselves and familiar features are manifest in new ways and
new guises. They develop and pass on new behaviors and skills (including
new patterns of talk), which also require changes in prior patterns of talk,
perception, and action to accommodate these novel possibilities. (Rouse,
2015, p. 216)

Practical hermeneutics emphasizes that propositions are not abstract from practice
in separate conceptual worlds but are interwoven with actual doing, producing local
knowledge in a context or what Rouse calls “microworlds.” Local scientific knowledge
may lack a unified overarching theory, but it exists in the deployment of concrete
exemplars. The expansion of technical control in science does not depend on the
development of theoretical explanations of that control, and skills and practices in local,
material, and social contexts are important to all explanation.
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For Rouse, practical hermeneutics reveals more about the processes by which
scientific knowledge is produced and contributes to a more complete understanding of
science than theoretical hermeneutics. Work in the history and anthropology of science
has shown that theoretical hermeneutics alone inadequately appreciates the extent to
which scientific theories are dependent on the practical activities of science.

In a similar manner, Latour and other sociological examinations of laboratory life
call attention to the many material and social factors behind and intertwined with
scientific propositions. If one assumes that the laboratory, the equipment, and the network
of social relations in which research is embedded are all external elements of scientific
knowledge production, one will likely misapprehend the richness and complexity of
science, a blindness that will extend to the emergence of an alleged fourth paradigm of
science.

THEORETICAL VS PRACTICAL HERMENEUTICS IN FOURTH
PARADIGM SCIENCE

Despite significant changes in the methods of scientific research introduced by Al,
the hermeneutics of theory will continue to view science as a knowledge system
characterized by the relationship between theory, concept, model, and background
knowledge, a system that is advanced by new methods and instrumentations. New
machines are constructed, and new skills are learned to produce evidence that supports
hypotheses. Eventually, this process leads to the construction of new theories (Cornelio
et al., 2023). Theory-centric advocates will argue that “hypothesis testing” remains the
fundamental method of scientific research under the fourth paradigm. Functionally,
machine learning is no different than Galileo’s telescope or Leeuwenhoek’s microscope;
it simply adds another tool to fuel concept formation and theory construction.

However, this view obscures the conditions of Al-generated scientific knowledge
and fails to appreciate the extent to which the fourth paradigm cannot be judged by the
same criteria as the previous modes. In an extended examination of what she calls “data-
centric” biology, Sabina Leonelli (2016) questions the adequacy of this view, confirming
the need for practical hermeneutics in this area. Data is not fixed in the logical frame of
propositions; data changes with material, social, technological, and institutional
attributes. According to Leonelli, scientific knowledge is produced in and through these
changes. On the one hand, data-driven knowledge is material and technological. The
classification of data is the production of knowledge, and databases integrate standardized
data, infrastructure, and processes in practice. Furthermore, data is not simply given but
must be selected, tagged, and disseminated. It can also be obstructed or lost. On the other
hand, data-driven knowledge is social and institutional. Social institutions are built up
and surround material databases. Data “from where?”, “for whose use?”, and “to what
benefit?”, are social questions that correspond with epistemic norms. Scientific data is
produced in settings of scientific power. These constitutive elements contribute to
Leonelli’s insistence that we understand Al-enabled knowledge as produced by and
embedded in material practices.
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Mathematician Weinan E Si4tRg (2022) proposes that Al-enabled science will go

through three phases: a scientist-led conceptualization period, a large-scale infrastructure
construction period marked by collaboration between scientists and engineers, and an
engineer-led application period. In the course of this development, there will be
significant changes in the flow of experimentation and a gradual transformation of
“scientific problems” into ‘“computational and engineering problems.” Theoretical
superiority will be gradually discarded. Regardless, the scientific community envisions
the long-term vision as advancing theory and eventually discovering scientific principles.
This mismatch shows the scientific community’s ambivalence toward a practical
hermeneutics of the Al-fueled fourth paradigm for science.

FIVE PRACTICAL HERMNEUTIC ISSUES WITH AI FOR SCIENCE

Artificial intelligence is transforming scientific practices in terms of scientists’
skills and the material conditions within which they work. New skills and material
conditions influence the development of policies and standards in turn. For general
purposes, the practice of data-intensive, fourth paradigm science can be interpreted
broadly in terms of five overlapping themes: (1) the development of novel forms of
scientific writing and publication, (2) new infrastructures, (3) automated research
processes, (4) human-machine hybrid actors, and (5) new policy norms and ethics.

First, the classic process of reporting and disseminating research results — writing a
paper, submitting it to a journal, where it undergoes peer review, leading to rejection or
author revision before hard copy journal publication circulated by post— has been
disappearing for some time. Scientific papers are increasingly multi-authored, with an
increasing number of co-authors. With the increasing number of publications and their
increasing specialization, peer review has become less rigorous and is often bypassed
with digital pre-prints. Digital publication speeds dissemination while internet search
engines intensify the information overload rather than manage it. Conference
presentations and now Zoom conferencing, webinars, press releases, and podcasts
contribute to the dissemination flood. Al promises only to continue such procedural
trends.

Other changes are at work in the content of scientific reports. Traditional
publication shared propositional results that were, in principle, justifiable or falsifiable,
either by empirical or analytic repetition. Claims to empirical justification took the form
of empirical data sets created by the researcher and included in or referenced by a paper.
This type of publication is now being supplemented by referencing increasingly large and
often independently produced data sets that have been mined by researchers using Als
that sometimes even create their own algorithms. Scientific data can even be published
directly as a form of knowledge. Scientific conferences and journals increasingly request
the submission of relevant datasets, including databases created by others, institutions, or
instrumentation independent of human curation. Scientific data dissemination is
becoming an independent form of publication.

The direct dissemination of scientific datasets that may or may not have been
humanly curated and the use of that data by someone who did not produce it introduce an
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additional trust gap into a scientific publication. Referencing independently produced and
available datasets is quite different from referencing previous scientific literature or one’s
own research data. In Latour’s (1987) analysis, a scientific text is supported by citations
from previous literature, and the more it is cited by later literature, the more reliable it
becomes. Constrained by the space requirements of scientific publishing and traditional
norms of reporting, data (including graphs, tables, and photographs) — as evidence in
support of propositional conclusions — remains at a distance.

Citing others’ datasets implies that the AI trains models using others’ data.
According to Latour’s analysis, citation is crucial to scientific arguments, meaning that
what is included in a paper needs to support one’s point of view as much as possible. But
citing other people’s data increases the risk that trust in the dataset is far from established,
and, for this reason, scientists prefer to use their own data. The publication of datasets
breaks this trust even more because it is difficult to have established criteria for evaluating
the merits of a dataset, as is the case with papers, and it is even more unknown what
knowledge can be found in other people’s datasets. These changes call for a new way to
create trust based on submission to uniform regulations on the sources, methods, and
formats of data.

Additionally, artificial intelligence can now generate its own scientific text. Large
Language Model generative Al can already generate text that imitates human writing, but
scientific propositions generated in this way are not supported by evidence. This aporia
has led several universities and journals to explicitly request that the GPT series not be
used for scientific writing. The analysis given by Latour on scientific texts clearly shows
that behind the debate on scientific texts is a contest between scientific workers, in
Latour’s theory, authors and dissenters. Both are identified as individual scientists; that
is to say, human beings are the subjects of scientific practice. The addition of artificial
intelligence complicates the social relations behind scientific texts. When asked about
Al's role in paper writing, the scientists interviewed said that Al can be a writing partner
but not a surrogate. In other words, Al becomes a stand-in for a writing partner, like
someone who can make suggestions and bring new ideas but who doesn’t actually write
the final story (Hutson, 2022). Technical work on scientific texts includes considering
external opinions, and Al may be a quick and low-risk way to get such opinions. Artificial
intelligence can provide a quick new perspective on the writing process and may help
authors overcome the immediate compositional obstacles they face. Some also say that
Al-assisted writing is like car-assisted driving. While Al will not automatically write the
paper, it will greatly reduce the cognitive burden on the writer. Other scientists believe
that by writing with Al, the creation of text becomes a collaboration, with the human
guiding the Al and the program following directions to write the actual text. The
scientist’s role is no longer to type but to organize, plan, check, and evaluate.

Second, materiality shapes the way knowledge is produced. From the perspective
of theoretical hermeneutics, material factors are external to knowledge production. They
do not shake the fundamentals of knowledge generation. However, scientific research is
significantly changed by the availability of Al to augment existing practice, especially
with infrastructures.
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New hardware and new software are the basic norms of new knowledge. A typical
example is the field of materials science and engineering, where a 2016 study used
machine learning to design new material structures using data previously “failed” (also
known as “dark reaction data”) (Raccuglia et al., 2016). The materials science community
Is beginning to actively advocate for a data-driven approach to research, believing that
this will change the way materials are discovered and that synergy and intersection around
data is the way forward for the field (Pollice et al., 2021). The focus of materials science
efforts is beginning to shift toward developing databases that enable scientists to search,
mine, and query them, which means that infrastructure becomes a platform for materials
discovery. The services that current infrastructures provide to materials discovery
platforms are maturing and expanding. The infrastructure for materials data construction
indexes over a hundred data sources and runs automated data queries and metadata
extraction channels to facilitate automated analysis (Himanen et al., 2019).

In addition to materials science, distributed computing infrastructure in high-energy
physics (Klimentov, 2020), diverse databases in biology (Arkin et al., 2018), and raw data
capture to complex Earth system applications (Yue et al., 2016) all benefit from this new
mode. New infrastructures mean that new space is built, new skills are learned, new
process are formed, new social relationships are built, and new knowledge is generated.
Generally, equipment is limited in a laboratory; Al-enabled science infrastructures
expand the power of the instruments to much broader boundaries. In another sense, it
changes the laboratory as well. Next, we will see the differences in auto-lab.

Third, changes in experimental processes imply changes in knowledge. A
traditional pillar of practical hermeneutics was the laboratory. Scientists used laboratories
to create specific environments to study particular phenomena and produce scientific
knowledge. Today, automated laboratories are becoming possible. Materials science,
chemistry, and nanoscience are pioneering the application of automated smart labs. Self-
driving laboratories are being designed (also true in engineering design). Artificial
intelligence learns relevant scientific concepts and learns how to design experiments.
Intelligent experimental equipment can integrate experimental and simulation data,
handle large, heterogeneous data sets, and provide precise control throughout the
experiment. New Automated Intelligence Lab synthesizes different fields and consists of
two main components: robotics (hardware that automatically pre-processes, conducts
experiments, and measures results) and artificial intelligence (data-driven modeling and
analysis of processed data). Automated intelligence labs can autonomously select the
experiments to be performed based on the predefined goals of human researchers. The
all-round Al-Chemist developed at the University of Science and Technology of China
combines automation of mechanical operations with machine learning and computer
simulation, which has the ability to perform high-level chemical research.

But Leonelli criticizes the automated lab as not belonging to practical hermeneutics.
She thinks that laboratories should be places where tacit knowledge grows, which means
that researchers have to physically engage with the materials, processes, and agents in
order to gain knowledge of know-how. If labs were automated, then there would be tacit
knowledge gained through physical engagement. From a practical hermeneutics point of
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view, automation could mean that people are no longer involved. This concern is not
unreasonable. However, automated laboratories are still practical in a broader sense.

In fact, the design of experiments by artificial intelligence, the manipulation of
experiments by robots, and the control of experimental data all grow on top of the practice
of human researchers. The expressed design of the experiment is an important part of the
experimental process because it enables collaborators and other scientists to monitor
progress throughout. Experimental manipulation and tracking refer to the ways the
process is monitored from the beginning. Tracking can easily incorporate artificial
intelligence because the process involves classifying, coding, filing, recording identity,
locating, and processing. Lastly, Al can control the data to control the phenomena in
automated laboratories and intelligent experimental processes. Therefore, the benefits of
Al involvement are apparent: automated platforms free scientific workers from repetitive
tasks and reinforce isolation, intervention, and control simultaneously. Basically, the
Automation Lab does not oppose the hermeneutics of practice but rather supports it.
Nevertheless, the recent involvement of large language models (LLMS) in autonomous
laboratories has raised concerns about the potential risks to science (Tang et al., 2024). If
LLMs are seen as new agents in scientific practice, the nature of practice and related
issues such as norms of knowledge, norms of action, scientific community, science and
society should be reconsidered.

Fourth, the heterogeneous composition of practitioner networks creates human-
machine hybrid actors. Rouse argues that, from the perspective of practical hermeneutics,
knowledge is constituted not as a web of beliefs but as a web of practitioners. Practice is
not only the actions performed by actors but also the complex interrelationships in which
actors are understood. Rouse thinks actors belong to a practice in a strong sense; this
means that to understand agents (and their motivations) requires an account of the practice
in which they are involved. Furthermore, rooting actors in practice enables practical
hermeneutics to distinguish between actors and non-actors. Actors and non-actors, from
this perspective, are established in practice and in constant interaction with the world.
The involvement of Al in the practice of science is different from the involvement of
people or objects, so there needs to be more thought devoted to the nature of their agency.
Some scientists are already confused about the place of Al in their research teams and
wonder if it should be seen as an agent in automated laboratories and scientific publication
and communication, reflecting the heterogeneous composition of actors in scientific
practice, i.e., mixed human-computer actors.

Latour emphasizes the importance of relationships in practice where the object is
the actor as a participant, a tack that can begin to explain Al's role in scientific knowledge
production. Artificial intelligence cannot, for the moment, be an actor in the same
reciprocal scientific practice as humans, nor can it manipulate and control humans in
order to gain scientific knowledge. However, what Latour points out is that the object or
technology plays a mediating or intermediary role in the practical activity. Similar
arguments can be found in postphenomenological mediation theory (Rosenberger and
Verbeek, 2015). Inevitably, scientists must deal with the infrastructure that generates the
data, the algorithmic platforms that process it, the laboratories that run it automatically,
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the big models that generate the paper, and construct multiple and complex social
relationships.

Finally, the fifth theme involves the discussion of Al as agent in ethical and legal
spheres. One touchpoint in this conversation is that AI’s ability to mimic some human
functions indicates that it has a different role and status from other technological objects.
But the issue extends beyond imitation to interdependence. In scientific practice, Al is
not only able to imitate functions, but, more importantly, to realize data processing and
other “cognitive” tasks beyond human comprehension. In other words, Al can replace
some of the functions of scientists, such as designing experiments or reading literature.
Still, scientists cannot replace some of the functions of Al, such as the processing of
petabytes of data. For instance, AlphaFold2’s prediction of the three-dimensional
structure of proteins is based on 350,000 known protein structures and more than 200
million unknown protein structures. Thus, we could go so far as to say that human
scientists and Al are linked as hybrid (heterogeneous) actors (or relational complexes, as
Rouse calls them), working together on new scientific practices.

Here, there emerge new ethical issues and challenges because scientific practices
are always interconnected and fundamentally influence the development of social
practices. Rouse argues that norms are naturally formed in practice and that norms are
reinforced while practices become comprehensible; this is also true within Latour’s
network of actors. The involvement of artificial intelligence in other scientific research
has also generated intellectual and ethical normative issues in the field of practice, the
boundaries between which are not entirely clear. For our purposes, we will focus on the
ethical dimension of normativity.

Scientific data, like other data, face common privacy and security issues that
concern questions of autonomy and responsibility. The paradigmatic examples of these
are geospatial data and health data. The ethical checks given by the UK Statistics
Authority (2021) for geospatial data include 16 aspects, including do no harm,
transparency, confidentiality, and avoidance of bias; it also lists a series of ethical
considerations for research and statistics: general ethical principles, potential for bias,
interpretability, accountability, and confidentiality. These ethical considerations apply
especially to specific geospatial data such as retrospective unique remote sensing data. In
contrast, the ethical issues raised by data in the health domain have received more
attention, focusing on privacy, confidentiality, informed consent, equity, justice, trust,
and data ownership (Viberg et al., 2022), and suggesting various approaches and
governance tools (Maseme, 2022).

The ethics of scientific data has generally been discussed within the debate about
“open data,” and there are additional concerns that Al-driven science brings to the fore.
Open data requires breaking down geographical, disciplinary, and institutional barriers,
and scientific data and Al-driven scientific research tend to be shared across time, space,
disciplines, and organizations. Currently, open scientific data is guided by the FAIR
principles that dictate data should be “Findable, Accessible, Interoperable, and Reusable”
(Wilkinson et al., 2016). Beyond this, there is consensus that countries have an important
responsibility to use policies to facilitate the flow of information at all levels and develop
widespread data access. In particular, the European Union and the United States have
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achieved a certain degree of open access to data and have developed a set of public
policies and principles.

Unfortunately, FAIR principles cannot solve the unequal problem in scientific data
practice, and the risks of data openness between countries cannot be ignored. Indigenous
data is a typical example. CARE principles — “Collective Benefit, Authority to Control,
Responsibility, and Ethics” (Carroll et al., 2020) — were developed in the whole data life
cycle to protect disadvantaged groups, and they focus on dividing power and maximizing
the benefits of data-driven science. CARE principles indicate how deeply knowledge
generation is imbricated in the social and ethical values of science practice.

Scientific data also faces the conflict between science and business. When it comes
to trading personal data between data analyzing entities, the value of data as a commercial
commodity — including the speed and efficiency with which assessing or accessing certain
data can help develop new products — often takes precedence over science. This can lead
to considerations at the scientific level, decisions that raise questions, consequences of
the assumptions made, and processes used in an investigation that are not readily
appreciated. This focus on business can easily translate into a materialization of
discrimination, inequality, and potential errors in the data considered (Srnicek, 2017).

CONCLUSION

Fourth paradigm science involving Al has been promoted as another method for
knowledge production, continuing the historical development from observational
description of empirical phenomena, to mathematical theory modeling, to computational
simulation. Al-propelled science has been celebrated for its potential to both enhance the
speed of knowledge production and extend its reach. But in the Al for science vision,
machine learning, deep learning, statistical methods, data analytics, automated control,
and related areas are imagined primarily if not exclusively in terms of the advancement
of scientific research. By contrast, Joseph Rouse and others would argue that science is
never adequately understood in terms of theoretical hermeneutics alone: science is also
material practices that interface with society. This lacuna calls for a hermeneutics of
practice to complement that of theory. Consideration of practical hermeneutics points
toward the need for a political philosophy of fourth paradigm science that engages the
challenges posed by new forms of scientific writing and publication, new infrastructures,
the creation of new scientific infrastructures, new human-machine hybrid actors, and the
need for new policy norms and ethics.
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Abstract

The etymological and historical investigation shows that ‘Ji Shu’ [Technology] in ancient China appeared
in two Chinese characters: ‘Ji’ and ‘Shu’, which have different meaning, but have something in common.
Both of them refer to art and skills, while ‘Ji’ sometimes refers to the craftsman, the bearer of the skill, and
‘Shu’ generally refers to the method, tactics, way, procedure and path to skillfully reach a certain state.
Alongside this, we need to distinguish two forms of technological knowledge. One is cognitive in nature,
the dominant ‘Shu,’ the knowledge that comes from experience; the other is ‘Qi’ as the object itself in its
material articulation and function. This paper will show that ‘Dao’ has a very close relationship both with
‘Ji” [Skills] and ‘Qi’ [Utensils]. ‘Dao’ is the root of all things and also the root of ‘Ji.” ‘Ji’ bears ‘Dao,’
meaning that ‘Ji’ itself conforms to the way of nature. The evolution of the relationship between ‘Dao’ and
‘Qi’ will also be considered. Initially, ancient Chinese scholars in the Zhou, Qin, Han, and Early Tang
Dynasties stated that ‘Dao’ stands for ‘Ti’ [Noumenon/Thing-in-itself], and ‘Qi’ for ‘Yong’ [Utility]. The
relationship between ‘Dao’ and ‘Qi’ would then be entirely reversed by the notion according to which ‘Dao’
stands for “Yong’ [Utility], and ‘Qi’ stands for ‘Ti.” The last stage of evolution, as we will argue, is that,
taking ‘Xiang’ [Image] as the medium, ‘Dao’[Thing-in-itself] and ‘Qi’[Utensils] would become fused
together.
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Hayunas crates

I'epMeHeBTHYECCKUMA AHAJIU3 IPEBHEKUTAMCKUX KOHI MU
TE€XHOJIOTHH

Jaubdoau 1331 1 Lion JIro (<)
W>xaOlIMHCKUI YHUBEpCUTET, Ip. Yxaouus, 55, pailon dyanswkoy, Yxaouun, 526061, Kuraii

norazdf@163.com: 2020020001 @zqu.edu.cn

AHHOTANUA

DTHUMOJIOTHYECKOE U UCTOPUUECKOE UCCIIEOBaHME MOKa3bIBaeT, yTo “L{3u llly” [Texnonorus] B JlpeBHeM
Kurae Bripaxanock aByms kutaiickumu ueporaudamu: “13u” u “Illy”, nMerommmMu pa3Hoe 3Ha4eHNE, HO
UMerIMUMH HedTo obmee. O0a OHM OTHOCATCS K HCKYCCTBY M HaBBIKaM, Tornma kak “lI3m” wmHOrma
OTHOCHTCS K MacTepy, obnanaromneMy HaBbikami, a “Illy” 0ObIYHO OTHOCHUTCS K METOAY, TAKTHKE, CIIOCO0Y,
npouenype u mytu. CyniecTByIoT aBe (OpPMBI 3HaHUS JAPEBHEI KUTANCKON TEXHOJOTMHU: JOMHHAHTHAs
“Uly” u perieccuBHas, a “Ilu” — 3T0 ee MaTepuanbHas GopMa CO CBOCH ONMPEACICHHOW CTPYKTYpOH W
¢dyuknueit. “J[ao” uMeeT oYeHb TecHYIO CBsI3b ¢ “L[3u” [MacrtepctBoM] u “Ilu” [YTBapew]. “/lao” — 310
KOpeHb BceX BelleH, a Take kopenb “Izn”. “II3u” necet B cebe “Ilao”. “LI3u” cOOTBETCTBYeT MyTH
npupoabl. OtHomenuss Mexay “ao” m “Llu” Ha ypoBHE TEOpUM MpeTepHesd [1Ba dTara 3BOJIIOLMH.
HpeBHue kutaiickue yuénsle BpeMeH Yxoy, Llunb, XaHp 1 panHel nuHactuu TaH yTBepkaanu, uyto “Jao”
o3Hauaet “Tu” [Hoymen/Bemrs B cebe], a “Lun” — “FOn” [[lone3nocts|. OTHOmEHNS Mexay “Jlao” u “Liu”
Torya ObUIM OBl TOJIHOCTBIO HPOTHBOIIOJIOKHBI MPEACTAaBICHUIO, COTJIACHO KoTopoMmy “/lao” o3HawaeT
“lOn” [[lone3Hocts|, a “Llu” o3zHauaer “Tu”. Ha ypoBHe mpaktuku, ecnu npusATh “CsaH” [OOpa3] B
KadecTBe MeauyMa, “Jlao” [Bemp B cebe] u “Lln” [YTBaps] cOMBIOTCS BOSANUHO.

KiroueBbie cinoBa: ®opmbl npeBHel kuTaiickon texHosoruu; “Lu”; “/lao”; “Csn’;
TexuHomorus

Jns uuruposanusi: Zeng, D., Liu, Q. Hermeneutic Analysis of Ancient Chinese Conceptions of
Technology /1 Technology and Language. 2024. Ne 5(1). P. 106-115.
https://doi.org/10.48417/technolang.2024.01.08

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License

107
soctech.spbstu.ru


https://doi.org/10.48417/technolang.2024.01.08
https://doi.org/10.48417/technolang.2024.01.08
https://doi.org/10.48417/technolang.2024.01.08
mailto:2020020001@zqu.edu.cn
mailto:norazdf@163.com
mailto:2020020001@zqu.edu.cn
https://doi.org/10.48417/technolang.2024.01.08
https://creativecommons.org/licenses/by-nc/4.0/

Special Topic: Hermeneutics of Technology
Tema Beiycka '/ epyvenesmurxa mexnonozuil”

INTRODUCTION

Monosyllabic words were the main body of ancient Chinese vocabulary, which
developed into disyllabic words. In Classical Chinese, a character often corresponded a
word, and there were many meanings for one word. In Classical Chinese, the words
expressing ‘Technology’ mainly included ‘Ji,” ‘Shu,” ‘Qi,” ‘Qido,” “Yi,” ‘Ji Shu,” ‘Ji
Qido,” ‘Ji Yi,” ‘Qi Ju,” and so on. Of these, we are going to talk about their defining
features and differences throughout the paper. However, there is also another conceptual
dimension that we cannot overlook. one that is invoked by the character ‘Dao.” ‘Dao’ was
not only an important category of ancient Chinese philosophy, but also the core category
of shaping Chinese traditional thought and culture. A series of categories and concepts
are associated with ‘Dao,” for example, ‘Ti’, “Yong,” and ‘Xiang’, which were often used
by ancient Chinese scholars to expound their speculations about technology. The purpose
of this paper is then to propose an interpretation of ancient Chinese technological thinking
through the lenses of etymology, philosophy, and cultural studies.

THE CONNOTATIONS OF ANCIENT CHINESE TECHNOLOGY

The English word ‘technology’ was translated as ‘Ji Shu’ in Chinese. But ‘Ji Shu’
did not appear as a distinct concept during the Pre-Qin period of China (the period from
the 21st century B.C. to 221 B.C.). They appeared and were used separately as individual
Chinese characters: ‘Ji’ and ‘Shu.” These two ancient Chinese characters had their own
meanings.

First of all, there are two meanings of the term ‘Ji.’

(1) One meaning refers to the art, skill, or deftness possessed by the subject in
general. For example, in the Shuo Wen Ji¢ Zi [The Analytical Dictionary of Chinese
Characters] we find the definition:

‘Ji, Qido Y&’
[‘J7” is skill] (Xu, 1985, p. 406)

In the Shang Shii-Qin Shi [The Book of History: The speech at Qin] it is clear that
‘Ji’ is something that can be predicated as an attribute of a subject, without implying a
specific content:

‘Rén Zhi You Ji, Ruo Ji Zhi You’
[Others have skills, just like I have one, too] (Zhang, 2009, p. 329)

(2) the other meaning refers directly to the person who is in possession of a given
skill, the craftsman. It is clearly illustrated by this excerpt from the Xun Zi-Fu Guo [Xunzi
‘Rich Country]:

‘Gu Bai Ji Sué Chéng, Su6 Yi Yang Y1 Rén Y¢&’
[Therefore, the products produced by craftsmen are used to support one person
(the King)] (Zhang, 2012, p. 117)

Secondly, also in the use of the other key term, ‘Shu,” we find two distinct
meanings.

108
soctech.spbstu.ru



Technology and Language Texnomnoruu B uadocdepe, 2024. 5(1). 106-115

(1) One generally refers to the method, tactics, way, procedure, and path that the
subject must employ to achieve mastery of an area that is related to the mind and heart.
We can see this use in an affirmation taken from the Zhan Guo Ce-Wei Ce [Strategies of
the Warring States:-The Strategies of Wei]:

‘Chén You Béi Zhan Zhi Shu’
[I have methods/tactics to be always victorious]

(2) The other refers directly to art, skill, or technique. For example, we find the
following in the Li Ji -Xidng Ying Jiu Yi [The Book of Rites: The Significance of the
Drinking Festivity in the Districts]:

‘Gu Zht Xué Shu Dao Zhg, Jiang Yi D& Shén Y¢’
[In ancient times, people gained the skill or technique from practice]

To sum up, ‘Ji’ and ‘Shu,” while having two distinct uses in ancient Chinese,
retained a very similar meaning in at least one on of their employments. These two
characters were combined into ‘Ji Shu.’ Its meaning didn’t encompass ancient technique
or technology until Han Dynasty (202 BC—220 AD). For example, in Sima Qian’s Shi Ji
‘Huo Zhi Lie Zhuan [Records of the Grand Historian Biographies of commodity traders]
- a text that was written from 104 to 90 BC - one can read:

‘Y1 Fang Zhu Shi Ji Shu Zhi Rén, Jiao Shén Ji Néng, Wéi Zhong XU Y&
[Doctors, alchemist, and all kinds of people who make a living by their craft or
skills work hard and do their best to get more money]

THE FORMS OF ANCIENT CHINESE TECHNOLOGY

There were two basic forms of ancient Chinese technology: the knowledge form
and the physical form.

1. The knowledge form of technology in ancient China: ‘Shu’ refers to this form

in an explicit and implicit manner.

The technological inventions and manufacturing techniques as well as operation
skills and techniques in ancient China were usually recorded and handed down in the
form of language under the name of ‘Shu.” For example, Zao Zhi Shu [paper-making
technology], Yin Shua Shu [art of printing], Qi Min Yao Shu [important methods to
condition the people's living]. This kind of technology, which could be written down or
expressed in language, was also understood as explicit empirical knowledge (Wang,
2021). This explicit ‘Shu’ generally needed to be based on the mind and understanding
of the subject, on repeated operation and diligent practice, in order to be transformed into
the ‘Shu’ of the subject's operational skills.

The ‘Shu’ that was understood and mastered in the process of operation was
regarded as implicit empirical knowledge.

2. The physical form of technology in ancient China: ‘Qi’ refers to this form.

109
soctech.spbstu.ru



Special Topic: Hermeneutics of Technology
Tema Beiycka '/ epyvenesmurxa mexnonozuil”

Zhou Yi-Xi Ci [The Book of Changes, Hsi Tzu] said: ‘Xing ér Shang zh¢ Wéi zhi
Dao, Xing ér Xia zhé Weéi zhi Qi’ [The metaphysical is ‘Dao‘ and the physical is ‘Qi‘]
(Chen & Zhao, 2020, p. 639). The metaphysical ‘Dao’ refers to the abstract nature and
law inside things, it was thought to be formless and immaterial. In contrast the physical
‘Qi’ was material and had exact shapes and forms that people could perceive. In other
words, it was a kind of tangible substance or physical object that was perceptible by the
senses, especially the sense of touch. In the Shuo Weén Jie Zi [The Analytical Dictionary
of Chinese Characters] we find the definition:

‘Qi, Min Y¢,” ‘Min, Fan Shi zhi Yong Qi Y¢’.
[Qi is Min, and Min generally refers to the vessels or utensils for food, such as
bowls, dishes, cups and plates] (Xu, 1985, p. 65, 157)

From the perspective of the pattern and structure of Chinese characters, ‘Qi’[#¥]
contains four ‘Kou’[ A/mouth], which means it is not a single device, but a structural
system composed of multiple components or parts in a specific form. The same or similar
functional attributes of the ‘utensils’ form the same series of ‘utensils’ or ‘tools’ with
different series serving different functions in different scenes, such as furniture,
kitchenware, tools, wine, lacquer, ritual, machinery, weapons, musical instruments and
SO on.

THE RELATIONSHIP BETWEEN ‘Dao,’ ‘Ji,” AND ‘QV

1. ‘Dao’ as the foundation of all things, and also the foundation of the ‘Ji’

At the macro-level ‘Dao’ was regarded as the origin of the world that existed before
and beyond heaven and earth. It was the ontology of all things and the ‘highest category’
of ancient Chinese philosophy (Zhang & Cheng, 1990). Ancient Chinese thought
generally regarded ‘Tidn’ [Heaven] as the origin of all things, but Lao Tsu broke with this
idea. He clarified this in the Dao Deé Jin [‘Dao’ Te Ching]: ‘Dao’ was prior to the
existence of heaven and earth, he said, namely “You Wu Hiin Chéng, Xian Tian Di Shéng’
[There is something undefined and complete, coming into existence before Heaven and
Earth] (Chen, 2016, p. 169). Furthermore, in Lao Tzu’s opinion, ‘Dao’ produced all
things, it is the origin of all things. For example, he said: ‘Dao Shéng Y1, Y1 Shéng ér, ér
Shéng San, San Shéng Wan Wu’ [The ‘Dao’ produced One, One produced Two, Two
produced Three, Three produced all things] (Chen, 2016, p. 233).

At the micro-level, there were multiple meanings of ‘Dao.’

(1) The word was used in an existential sense. For example, Lao Tzu said: ‘Dao Ké&
Dao, Fei Chang Dao’ [The ‘Dao’ that can be described is not the enduring and unchanging
‘Dao’] (Chen, 2016, p. 73).

(2) It referred to the inherent nature of all things and the laws of movement and
change in nature: ‘The law of the Dao is its being or what it is.” For example, ‘Dao’ Te
Ching said: ‘Zhi Gu Zht Dao,Yi Yu Jin Zhi You. Néng Zhi Gu Shi, Shi Weéi Dao Ji’
[When we can lay hold of the ‘Dao’ of old to direct the things of the present day, and are
able to know it as it was of old in the beginning, this is called (unwinding) the clue of
‘Dao’] (Chen, 2016, p. 126). Furthermore, in Lao Tzu’s opinion, ‘Tian” [Heaven] was
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nature. As he attached great importance to the ‘Dao’ of nature, he said: ‘Tian Néai Dao,
Dao Nai Jit’ [In that likeness to heaven he possesses the ‘Dao.” Possessed of the ‘Dao,’
he endures long].

(3) It also referred to the codes and rules of conduct. ‘Dao’ Te Ching said: ‘Tian
Zhi Dao, Li ér Bu Hai, Shéng Rén Zhi Dao, Wéi ér Bu Zhéng’ [The law of nature is good
for things, but harmless to things. The law of the sages is alms, not contention] (Chen,
2016, p. 349).

Besides, Lao Tzu did not separate humans from nature, and did not neglect human
subjectivity. He said in ‘Dao’ Te Ching that: ‘Gu Dao Da, Tian Da, Di Da, Rén Yi Da.
Yu Zhong You Si Da, ér Rén Ji Q1 Y1 Yan’ [Therefore, ‘Dao’ is great, Heaven is great,
Earth is great, and the human is also great. In the universe, there are four great things, and
the king/human is one of them]. At the same time, in Lao Tzu's opinion, ‘Dao’ was not
far-fetched. In technological activities, artisans followed ‘Dao’, and ‘Dao’ was presented
in the experiential world in the form of objects through technological activities, artisans
could get in touch with it in the process of making artifacts with superb skills. For
example, there was a dialog in the book of Chuang Tzu [Nourishing the Lord of Life] as
following:

The ruler Wan-hui said: ‘your art should have become so perfect!’

The cook replied to the remark, ‘what your servant loves is the method of the ‘Dao,’
something in advance of any art’ (Cao, 2000, p. 42-43).

2. ‘Ji’ serving to convey ‘Dao,” ‘Ji’ conforming to natural law

‘Ji” was for conveying ‘Dao,” in other words, the invention of technology and the
manufacture of utensils should follow and conform to naturalness. Craft, technique,
utensils bore naturalness, and the latter lay in the former. Kdo Gong Ji [The Atrtificers
Record] said: ‘Tian You Shi, Di You Qi, Céai You M¢i, Gong You Qido, Hé Ci Si Zhé,
Ran Hou Keé Yi W¢éi Lidng’ [The weather is limited by the season, the land is limited by
the climate, artisans are skillful and clumsy, materials are good and bad, it is best to
combine these four factors] (Wen, 2008, p. 4). Generally speaking, technical invention
and manufacture of apparatus were thought to be affected by climate, geography,
materials, and skills, it is best to conform to the timeliness and adapt to the climate, as
well as the beauty of materials and the artistic attainments of the crafts.

3. Controlling the ‘Ji” with ‘Dao,” ‘Qi’ convey ‘Dao,” governance of technology

Instruments made to meet a specific need carry not only the laws of nature and
technology, but also the laws of society and morality. Making tools should follow the
‘Dao’ of nature and technology, using tools should conform to the ‘Dao’ of society, ‘Ji’
[skills] and ‘Qi’ [Utensils] should be restricted by the ‘Dao’ of different fields. ‘Jing Shi
Zhi Yong’ [Practical Knowledge of Managing State Affairs] was the basic stand and
attitude of ancient Chinese thinkers on ‘Ji’ and ‘Qi.” For example, Zhou Yi-Xi Ci [The
Book of Changes, Hsi Tzu] said: ‘Bé1 Wu Zhi Yong, Li Chéng Qi Y1 Wéi Tian Xia Li,
Mo Da Hu Shéng Rén’ [To produce goods for consumption, to set up works in which
artisans can make utensils, and to profit the people in the world, noone has done these
things more than a saint] (Chen & Zhao, 2020, p. 627). Confucianism did not completely
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deny technology and suppress the development of technology, it affirmed the utility of
the technology itself and emphasized the social significance of technology. In terms of
technological development, it paid attention to ‘liu Fu San Shi’ that could be applied to
the world. ‘Liu Fu’ [the six elements] included ‘Shui, Huo Jin Mu Tu Gu’ [Water, Fire,
Metal, Wood, Soil, Grain] (Yang, 1990, p. 564). These correspond to six basic technical
activities in the production and life of ancient Chinese society: canals, grass-burning,
smelting, farming, grain cultivation. ‘San Shi’ [Three affairs] included integrity, utility,
and well-being (Yang, 1990, p. 564), which meant that the development of technology
should follow social moral norms and benefit the country and the people (Fang, 2016).
Confucians attached great importance to the social ethics of technology. They opposed
the king to play through life and have no serious ambition, and they opposed the people
who indulged in pleasure and did not do business. They opposed and denigrated bizarre
techniques and strange artifacts outside ‘lit Fii San Shi’ [Six elements and Three affairs]
(Yang, 1990, p. 564)

Lao Tzu had a sense of anxiety, weariness and caution towards the ‘Qi,” fearing that
a large number of instruments would disturb the social order and cause moral anomie.
Chuang Tzu affirmed the superb skills of artisans and the function of their skills, such as
cooking meat, but he also worries about alienation by way of technology. In Chuang
Tzu’s opinion, where there were ingenious contrivances, there were sure to be subtle
doings, and that, where there was a scheming mind in the breast, its pure simplicity was
impaired. When this pure simplicity was impaired, the spirit became unsettled, and the
unsettled spirit was no longer the proper residence of the ‘Dao’ (Cao, 2000, p. 172).

Mohism believed that everything had a standard, and artisan technology also had
its own internal laws and norms. For example, Mo Tzu said: ‘to accomplish anything
whatsoever one must have standards’ (Li, 2007, p. 22). No one has yet accomplished
anything without them. The honorable people fulfilling their duties as generals and
councillors have their standards. Even the artisans performing their tasks have their
standards. Mo Tzu also elaborated on the standard of artisans, he said that the artisans
make square objects according to the square, circular objects according to the compass;
they draw straight lines with the carpenters' line and find the perpendicular by a
pendulum. All artisans, whether skilled or unskilled, employ these standards. Only the
skilled workers are accurate. Though the unskilled laborers have not attained accuracy,
they do better by following these standards than otherwise. Thus all artisans follow the
standards in their work.

At the same time, Mohism, like Confucianism, examined technological activities
from the level of social ethics, regulated the social attributes of technology with ‘Y71’
[righteousness], and stressed that technology should benefit people. In Mo Tzu’s opinion,
nothing was more valuable than righteousness.

4. The development and evolution of the relationship between ‘Dao’ and ‘Qi’: from
‘Dao Ti Qi Yong’ to ‘Dao Yong Qi TY
There are two main stages that mark a profound shift in the relation of ‘Dao’ and

6Qi.,
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(1) The incubation and development of the doctrine on ‘Dao Ti Qi Yong’ [‘Dao’
was for ‘Ti” and ‘Qi’ was for “Yong’] can be traced to Zhou Yi-Xi Ci [The Book of
Changes, Hsi Tzu] which states that the metaphysical was called ‘Dao’ and the physical
was called ‘Qi.” ‘Dao’ and ‘Qi’ officially appeared in the form of a pair of concepts. ‘Dao’
was the noumenon of metaphysics, It was the intrinsic nature, essential attribute as well
as law and rule, etc. It was abstract and intangible, It was understood as ‘Ti’[Noumenon]
in Chinese, That was ‘Dao Ti’. ‘Qi’ was a physical artifact with physical structure,
external shape and functional utility. Ancient Chinese paid attention to the ‘Yong’
[Utility] of ‘Qi’ [Utensil] that was ‘Qi Yong’. The annotators of Zhouyi in the different
dynasties had little doubt about the understanding of ‘Qi.” ‘Qi’ in the Annotations of the
Zhouyi in the Han and Tang Dynasties was connected with ‘Xing’ [Shape or Form] and
‘Zhi’ [Essence/Quality], that was, ‘Qi’ had shape and quality, so it was useful.

(2) The transformation of the relationship between ‘Dao’ and ‘Qi’ included the
proposal of the doctrine on ‘Qi Ti Dao Yong,” and the development of its connotations.
Cui Jing’s Zhou Yi Tan Yudn [The Exploration of Metaphysical Theory in the Zhouyi] is
an incomplete book from the Tang Dynasty, part of its contents is preserved in Li
Dingzuo’s Zhou Yi Ji Jie [The Collected Annotations of the Zhouyi], and they provide
significant information for cultural historians. Cui Jing made comments on ‘Xing ér
Shang Zh& Wei Zhi Dao, Xing ér Xia Zhe Qi’ [The Metaphysical was Dao and The
physical was Qi]. In Cui Jing’s opinion, this sentence implied the principle of ‘Xing Qi
Bian Tong’ [the flexibility of shape and utensil] (Wang, 2020). Everything in the world
has shape and quality, ‘Ti’ [Noumenon] was presented in the form of shape and quality,
it was visible and formable, so “Ti’ was ‘Qi.” The presentation of ‘T1’ reflected the ‘Yong’
[Utility] “Yong’ helped its ‘Ti,” which was perceptible but invisible. Therefore, ‘Yong’
was metaphysical, and it was ‘Dao’. That was ‘Qi Ti Dao Yong’. This understanding
completely overturned the basic conclusion of ‘Dao first and then Qi’ and ‘Dao Ti Qi
Yong’ for a long time. ‘Dao,” which was anonymous, invisible and ubiquitous, was
regarded as the function and role of shape and quality, by Cui Jing. In his opinion, if there
was no ‘Qi,” there would be no ‘Dao,’so ‘Qi’ came into being before ‘Dao,’ that was ‘Dao
Yong Qi Ti’ (Wang, 2020). In the book of Zhou Yi Tan Yuan he took animals and plants
as an example to prove his opinion. He said that animals took their body as “Ti’ and ‘Qi,’
and took their spirits as ‘Dao’ and ‘Yong’; plants took their branches and stems as ‘T1’
and ‘Qi,” and ecological characteristics as ‘Dao’ and “Yong’ (Li, 2016, p. 442-443). Since
then, ‘Qi Ti Dao Yong’ had been inherited and developed in the form of ‘Dao Bu Li Qi’
[The invisible ‘Dao’ is inseparable from the visible ‘Qi’] and ‘Dao Yin Qi Xidn’ [‘Qi’
bears Dao, ‘Dao’ is revealed through ‘Qi’]. For example, Yanwu Gu (1994) said: ‘Féi Qi
Z& Dao Wu Sud Yu’ [Without ‘Qi’, Dao has no sustenance] (p. 32). And Xuecheng Zhang
(1994) said: ‘Dao Bu Li Qi, You Ying Bu Li Xing’[‘Dao’ is inseparable from ‘Qi’, just
like the shadow is inseparable from the body] (p. 132-133). In other words, the laws of
things could not exist apart from objective things. Sitong Tan (1994) said: ‘Dao’ was
“Yong’, ‘Qi” was ‘Ti’, so that the functions (attributes) would appear only if the entity
(substance) was established before; so if ‘Qi’ existed, ‘Dao’ would not disappear (p. 390).
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5. The fusion of ‘Dao’ and ‘Qi’: Taking ‘Xiang’ as the medium

Ancient Chinese scholars divided the world into ‘Dao’ and ‘Qi.” In order to explain
the relationship between ‘Dao’ and ‘Qi’ and avoid their separation, Ancient Chinese
scholars set up ‘Xiang’ [Image] to express their intention. That is, although the words say
nothing, the ‘Xiang’ can. Words fail in conveying meaning, images help out. In other
words, ancient Chinese scholars abstracted the images of everything in the objective
world into ‘Gua Xiang’ [the images of hexagrams which include paintings, pictures and
numbers)], and the sixty-four hexagrams of Zhouyi [The Book of Changes] were the
symbolic system of ‘Gua Xiang’. The makers who drew inspiration from ‘Gua Xiang’
constructed and designed the structure and the model of ‘Qi,’ seeking the solution of
technical problems, then creating the images of things that do not exist in the real world.
With ‘Xiang’ as the medium, the makers realized the combination of ‘Dao’ and ‘Qi.” The
world had evolved from the duality of ‘Dao’ — “Qi’ to the triad of ‘Dao’ — ‘Xiang’ — ‘Qi.’

CONCLUSIONS

To sum up, the ancient Chinese conceptions of technology are rich in connotation
and diverse in form. Ancient Chinese thought and elaboration of the relationship between
‘Ji” and ‘Dao’ and between ‘Dao’ and ‘Qi’ formed the unique tradition of technical
thought in China. Ancient Chinese technology is not only production process and
operation skills, but also an art of creation, and a wisdom that conforms to ‘Dao’ and
thereby demonstrates its meaning and significance, reflecting not only the laws of nature
and technology, but also social ethics and a value orientation.
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Abstract

Hegel did not witness the unveiling of the granite bowl in Berlin's city center, which was crafted and
polished using steam engine technology. His comprehension of the steam engine significantly impacted the
evolution of scholarly thought in Europe around 1800. While Hegel's works did not explicitly delve into
the “steam engine” as a complete concept, his examination of its parts, “steam” and "machine,” was very
thorough. In natural philosophy, Hegel meticulously detailed steam as an individual physical element, from
the ancient Greek theory of four elements to modern meteorology. While he discussed the relationship
between steam, air pressure, and heat, he did not address the perspective of the steam engine in technical
applications. Instead, he continuously engaged in reflection at the scientific level of the relation between
physical elements and individual objects, arising from the dynamic interaction between concepts and real-
world objects within the framework of dialectics. Therefore, Hegel's understanding of the steam engine
embodies his concept of “pre-scientific hermeneutics,” involving continuous reflection of concepts and
reality through empirical validation. He thus drew on contemporary meteorological research to demonstrate
the dialectical relationship between physical elements and individual bodies, as well as the laws of motion
that constitute meteorological elements such as air and water. However, in a complex and variable climate,
these motions could be transient and incidental. And so, in his exploration of the scientific principles of the
“steam engine,” Hegel did not delve into the transformation of these principles into technology or the
resulting revolution in social productivity and the accompanying societal ramifications.
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AHHOTALMA

I'erens He OBLT CBHIETENICM OTKPBITHS TPAHUTHOI Yaiu B 1ieHTpe bepinHa, koTopas Oblila M3TOTOBJICHA U
OTITONTUPOBAHA C MCIIONE30BAaHIEM TEXHOJIOTHUHU MapoBoro apurareis. OIHAKO ero MOHWMaHKHE apoBOTO
JIBUTATEJIsl CYLIECTBEHHO MOBJIHUSIO Ha 3BONIOLMI0 HaydHOU MbIiciau B EBpomne okono 1800 roga. XoTs B
paborax [erems He paccMaTpuBaJlach SBHO ‘TIapoBas MalIWHA” KaK IEMOCTHAas KOHICIIUS, ero
HCCIIeIOBaHHE ee JacTel, “mapa” W ‘“MammHbl”’, OBUTO OYeHb TIIaTeNbHBIM. B Hatypdummocopun I'erems
moapoOHO omucaa Map Kak OTHENbHBIA (DH3WYECKUHA 3JEMEHT, OT JAPEBHETPEUYECKO TEOpHUH HYeTHIpEX
3JIEMEHTOB JI0 COBPEMEHHOW METEOPOIOTHH. XOTSI OH 00CY KA B3aMMOCBS3b MEXKIY MapoM, TaBICHHUEM
BO3/lyXa M TEIUIOM, OH HE 3aTparuBaj MEPCIEeKTHUBY MapOBOTO JIBUTATENS B TEXHUUECKUX MPHUIOKECHUSAX.
BMecTo 3TOro OH MOCTOSHHO yriayOusyics B pedIeKCHI0 Ha HAYYHOM YPOBHE 00 OTHOIICHHSIX MEXITY
(hU3UYIECKUMU DJIEMEHTAMU U OTACIBHBIMU 00BEKTAMH, BHITCKAOIIUMH U3 TUHAMUYHOTO B3aUMOICHCTBUS
MEX/Ty KOHLEMIUSIMHU U peabHbIMU OOBEKTaMH B paMKax JuajiekTUky. [loaToMy rereneBckoe moHUMaHUs
MapoBOTO JBUTATENs BOIUIOIIAET €ro KOHLEMIHUIO ‘“‘IOHAYYHOH TEePMEHEBTHKU , MPEINoJararollyio
MOCTOSIHHOE OTPaKCHHE KOHIICMIIUH W PEeaJbHOCTH IIOCPEACTBOM OSMITUPHYCCKOH MPOBEPKH. Takum
o0pazom, OH HCIIOJIB30BAI COBpPEMCHHBIC METEOPOJIOTHICCKHE HCCIIEJOBAHMS, 9TOOBI
MPOJEMOHCTPUPOBATh AHAJICKTHUCCKIE OTHOIMICHUS MEXIy (PU3MYECKHMHU 3JIEMEHTAMH M OTICIbHBIMHU
TeJaMU, a TaK)Ke 3aKOHBI ABIDKEHHUS, COCTABILTIONINE METCOPOIOTHICCKUE IIEMEHTHI, TAKHE KaK BO3IYX H
Boma. OIHAKO B CIIO)KHOM WM HM3MECHYMBOM KIIMMAaTe 3TH IBIKEHUS MOTYT OBITH TPEXOASIINMH H
ciaydaiiupiMu. MTak, B cBOeM HCClIEeOBaHUM HAy4YHBIX NPUHLMUIIOB “mapoBoro asuraresns’ lerenb He
BHHUKAJ B TPAHC(POPMAITHIO TUX NPUHIIUIIOB B TEXHOJIOTHIO MU B BO3HUKIIIYIO B PE3yJIbTaTE PEBOJIOIIHIO
B 0OIIIECTBEHHOW IPOM3BOAUTEIHLHOCTH U COMTyTCTBYIOIUE COLMATBHBIE TTOCIEACTBHSI.

Kurouesble cioBa: [1ap; Mexanusm; Atmocdeproe nasienue; Temno; J(nanextuka

Baarogapuocts: CtaThsi mpeacTaBisieT coOOM CrEeNUaTM3MpPOBAHHBIA HAYYHBIH pPE3yJbTar
Hentpa unnyctpuansroit nusmmmzanuu (DIK) Yausepcurera Texnonoruit LL3HE@WKIH.
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INTRODUCTION

In the Winter Palace of Saint Petersburg, resides a unique piece of artistry. It is an
oval bowl crafted from jade, known as the “Tsar of Bowls” (Kolesar, 2006). This jade bowl,
made from Revnev jade (Russian: PeBaeBckas simma / Revnevskaja jaschma), dates back to
the period between 1820 and 1843. The creation of this artifact relied entirely on manual
labor, including years of painstaking polishing and refining, and its transportation required
the effort of 720 barge haulers. This stands in stark contrast to the “Granite Bowl” located
near Humboldt University in Berlin, crafted during the same period, which was processed
using steam engine technology, symbolizing the technological advancements of the era. The
production and transportation processes of both bowls not only reflect the level of
technological productivity of the time but also mirror the cultural and technological shifts
of the era. It is within this context that the philosophy of Hegel unfolds, his theories
intricately linked to the technological innovations of the era, particularly the steam engine.

STEAM ENGINE POLISHED “GRANITE BOWL”

In Berlin's “Lustgarten,” an impressive historical relic prominently stands in front of
the Altes Museum: a massive granite bowl, weighing 75 tons and measuring 22 feet (6.9
meters) in diameter. This exemplary piece of early 19th-century Prussian craftsmanship
(Einholz, 1997), was meticulously crafted between 1827 and 1828 by numerous artisans,
with the assistance of engineering tools such as capstans. The granite boulder, once cut,
was transported to Berlin via the Spree River. Over the following years, this bowl
underwent precise polishing and finishing, aided by a ten-horsepower steam engine (fig.
1). This process not only showcased the technological advancements of the time but also
reflected the unique cultural ethos of the region, leading the people of Berlin to
humorously nickname it “Berlin's Largest Soup Bowl” (Suppenschiissel). Even Johann
Wolfgang von Goethe, the literary giant of that era, bestowed a special name on this
piece — the “Granite Basin” (Granitbecken) (Goethe, 1828), further emphasizing its
emblematic status in the social and cultural milieu of the period.

I would suggest three primary reasons for Prussia's keen interest in using artificial
stone to create landmarks within urban landscapes in the 19th century. Firstly, following
the French Revolution, Classicism emerged as the dominant artistic style in Europe.
German architect Karl-Friedrich Schinkel, a representative of German Classicism,
utilized Greek temple architectural elements to shape the entire cityscape of Berlin, the
capital of the Prussian monarchy. In this context, the granite bowls served as “imperial
signifiers” in the urban landscape of that era (Einholz, 1997). Secondly, there is the
association between granite and the Biedermeier style. In German, “Biedermeier”
conveys the idea of an “upright and simple” citizenry, representing an artistic style that
emerged from a self-aware citizenry. The aesthetic orientation of this style, as seen in its
portrayal of family themes, clear design, and choice of building materials, also mirrored
the optimism of the middle class in the industrial era toward technological progress.
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Lastly, the victory of the feudal nobility over Napoleon led to a cautious critical attitude
among the intellectual class, prompting German philosophers to turn inward and embrace
Romanticism. This position valued the inner world, emotions, passion, and mysticism,
endeavoring to construct philosophical systems within the realm of personal life. Against
the backdrop of the Carlsbad Decrees and the political conditions in Prussia at the time,
Hegel's legal philosophy, though somewhat conservative in form, had already been
integrated as the objective spirit in his Encyclopedia (1817, in manuscript form, Hegel,
1974).

Figure 1. Aufrichtung der Granitschale im Packhof zu Berlin (Erection of the
Granite Bowl in the Berlin Packhof). This is one of three paintings by Johann Erdmann
Hummel which documented the polishing, erection, and final display of the granite bowl,
highlighting how 19th century Berlin is literally mirrored in the industrially manufactured
bowl. (The original painting from 1831 was destroyed in 1945. This pre-1940s
photograph is in the public domain at commons.wikipedia.org.)

In his publication On the English Reform Bill (Uber die englische Reform bill) in
1831, Hegel explicitly mentioned the “steam engine” for the first and only time. He stated:
“The English mob committed an act of extreme folly, specifically targeting a certain
entity for special interests — the destruction of the steam engine” (Hegel, 1970d, p. 553).
Despite seldom mentioning the steam engine in his writings, its use and impact in the
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reality of that time, particularly in Berlin where Hegel resided, were significant. This
reveals an important historical fact: Despite Hegel's works not delving deeply into the
steam engine, this technology had become an indispensable part of industrial and
everyday life in the 19th century, exerting a profound influence on Hegel's era.

Geographically, during Hegel's time in Berlin from 1828 to 1831, his residence at
Am Kupfergraben 4a was near the iconic granite bowl, with Humboldt University, where
he taught, just separated by a river. Unfortunately, Hegel succumbed to cholera on
November 14, 1831, the same day the granite bowl was unveiled in front of the Altes
Museum (Einholz, 1997). As a result, it is probable that he only heard about the
transportation, processing, polishing, and finishing of the granite bowl, and never
witnessed its completion. This presents an interesting phenomenon: Despite living in an
era of rapid technological advancement, Hegel, as a philosopher, may have kept a certain
distance from the assimilation of technology with official narratives. This leads to the
question: At what point in Hegel's philosophical texts did the steam engine, a pivotal
achievement of the Industrial Revolution, become a part of effective knowledge in the
realm of typical philosophical thinking? To address this, one must delve into Hegel's
philosophical writings to examine how he addressed the issues of “steam” and
“machinery.”

HEGEL ON STEAM

In Hegel's Encyclopedia of the Philosophical Sciences: Part One he classifies the
science of philosophy into three main groups: I. Logic, which centers on the science of
the idea in itself and for itself, which is essentially the form of pure thought. 11. Philosophy
of Nature, which examines the science of the idea in otherness or externality, linking
concepts with the corresponding realms of objects in the real world. 1ll. Philosophy of
Spirit, exploring the idea of returning to the self from otherness (Hegel, 1970b, p.63).
This division highlights Hegel's view of the Philosophy of Nature as a dynamic
developmental process based on the latest scientific research findings of his time. He
stresses that philosophical science must be consistent with natural experience. Also, its
genesis and development are predicated upon and conditioned by empirical physics.
Furthermore, Hegel points out the limitations of traditional physics from the perspective
of the Philosophy of Nature, emphasizing that concepts within this domain are directly
related to their corresponding realms of objects within a certain scope in the real world.

In his Encyclopedia of Philosophical Sciences: Part Two, which was published in
1830, Hegel categorized the philosophy of nature into three distinct domains: Mechanics,
Physics, and Organic Physics. From his Jena period onwards, Hegel dedicated years to
extensive research in the field of natural philosophy. The fundamental concept of Hegel's
natural philosophy is articulated in section 281 of Encyclopedia of Philosophical
Sciences: Part Two: “Individual bodies contain various specific determinations of the
totality of elements as their subordinate links. These determinations exist directly in a
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free, self-determined form within the bodies; hence, they constitute the universal, physical
elements of individual bodies” (Hegel, 1970c, p.158). Here, with the term “physical
elements” Hegel primarily refers to air, fire, water, and earth. Unlike the concept of
elements in Mendeleev's periodic table, Hegel's “physical elements” primarily relate to
differences in the number of basic states of matter, rather than qualitative differences.
Therefore, the differences between air, fire, water, and earth lies mainly in the differences
in states of matter aggregation: fire symbolizes energy (referencing Plato's Timaeus and
Heraclitus), water represents the properties of liquids (referencing Thales), air signifies
the form of the atmosphere (referencing Anaximenes), and earth denotes the solid state.
Pirmin Stekeler suggests that the differences among these four elements are “conceptual-
logical” (Stekeler, 2023).

In subsequent discussions, Hegel mentioned that “physical elements are a kind of
actuality, not yet dissipated into abstract chemical entities” (Hegel, 1970c, p. 159). To
understand the concept of “matter dissipated into abstract chemical entities” (zur
chemischen Abstraktion verfliichtigte Materie), it is first important to recognize that
among the four elements — air, fire, water, and earth — gas is primarily associated with the
property of dissipation (volatilization). Secondly, “abstract chemistry” refers to the
transformation of matter (Verwandlung), following the principle of equivalent exchange.
Hegel points out: “The predominant concept in Empedocles' philosophy, and one that first
appeared in his philosophy, is that of combination or synthesis. As a combination, it
presents for the first time the unity of opposing entities” (Hegel, 1970e, p.346). The
“synthesis” (Synthese) or “combination” (Vermischung) that Hegel discusses here refers
to this kind of material transformation. The most direct manifestation of this
transformation (Verwandlung) is not air, fire, or earth, but water. Water can exist in three
states: liquid, solid, and gaseous.

I understand Hegel's analysis in section 282 of the Encyclopedia of Philosophical
Sciences regarding air as a form of negative universality. In section 283 concerning fire's
negating and destructive qualities, it becomes evident why he shifts his focus to water in
section 284: “This neutral entity [...] lacks incessant activity in itself, but is entirely the
possibility of process, of solubility; moreover, it can assume the form of gas and solid,
states beyond its unique condition, beyond its indeterminacy. Such an element is water”
(Hegel, 1970c, p. 167). Hegel presents two comparisons here: Firstly, there is the
comparison of air and water, both exhibiting elastic characteristics and apparent
solubility. Thus, distinguishing between air and water in terms of solubility at a
speculative level poses a challenge, necessitating further differentiation through modern
natural scientific research. Secondly, there is the comparison of fire and water which are
opposites in their processual attributes — fire represents movement and destructiveness,
while water symbolizes stillness and the ability to dissolve other substances. Arguably,
the solubility of air and water becomes the central theme of Hegel's philosophical
discourse after section 284.
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Indeed, within section 286 of the Encyclopedia of Philosophical Sciences, titled
“The Process of the Elements,” Hegel articulates a nuanced concept: “Despite
contradicting their unity, different elements and their mutual differences are unified
within individual identity” (Hegel, 1970c, p. 170). This individual identity establishes a
dialectical relation between physical life on earth and meteorological processes. Although
intricate, the essence of this statement lies in investigating the relationship between
physical elements and individual entities, which is further illustrated in “meteorological
processes” (meteorologischen Prozel}). Hegel's discourse encompasses two significant
semantic layers. Firstly, it reveals the intricacy of interactions among elements and how
these interactions become manifest in broader natural phenomena. Secondly, it highlights
the central role of individual identity in these interactions, particularly in maintaining
unity amidst diversity. Together, these meanings form Hegel's distinctive perspective on
comprehending the natural world.

As previously stated, the terminological concept utilized in argumentation is
directly correlated with its corresponding sphere of real-world objects. Within this
framework, the concept denotes tangible elements, whereas individual entities constitute
the realm of real-world objects. Hegel defines the interplay between these two as a
“dialectical relationship.” Within this encompassing dialectic, “individual bodies”
(individuelle Korper) may exist in varying stages of development, within specific
contexts and environments. Hegel observes, “When air and water are subjected to
conditions distinct from those of the entire earth, their manifestations in free, elemental
connections differ entirely from their manifestations in individualized connections with
individual bodies” (Hegel, 1970c, p.172). Therefore, when attempting to comprehend the
diverse “individual bodies” originating from “physical elements” (Physikalische
Elemente), consideration must be given to their developmental stages, specific contexts,
and environments. Here, Hegel's dialectical relationship emerges as the conundrum of
reconciling the universality of physical elements with the particularity of individual
objects. In the parlance of contemporary social sciences, this pertains to examining the
relationship between multiple independent variables and dependent variables.

Secondly, by the 18th century, meteorology had advanced beyond its previous
status as a component of astrology and basic pneumatics as proposed by Avristotle. It had
established itself as an independent branch of applied physics (Wolf, 1952). Hegel viewed
meteorological processes as large-scale chemical processes in nature. He expressed that,
“Meteorological processes are the manifestation of individual genesis, where
individuality dominates various free qualities that seek separation, bringing them back to
a point of concrete unity” (Hegel, 1970c, p. 186). In other words, meteorology during
Hegel's time represented the study of the atmosphere as a comprehensive mechanical,
physical, and chemical process. If this meteorological knowledge fails to integrate with
the specific conditions of empirical objects, it remains merely abstract and lifeless
knowledge at the level of understanding. Hegel utilized a wide range of contemporary
meteorological research, including studies on humidity, in an attempt to demonstrate,
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within the framework of his natural philosophy, the dialectical relationship between
physical elements and individual bodies, as well as the laws of motion that constitute
meteorological elements such as air and water. However, in a complex and variable
climate, these motions could be transient and incidental.

In his The Jena System, Hegel discusses the presence of water as humidity (steam)
in the air: “The water that turns into the air is different, it contends against the earth”
(Hegel, 1986, p. 66). He presents two different viewpoints regarding water dissolved in
air: On the one hand, he believes that water can dissolve in the air and condense back into
the liquid state through temperature changes; on the other hand, he cites the research of
de Liic and Lichtenberg, who attempted to prove through empirical evidence that air
neither dissolves water nor contains dissolved water (compare Lichtenberg & Kries,
1800). During Hegel's time, theories of water vapor primarily consisted of two
explanatory models. One is the theory of “elastic” air proposed by Saussure, the other
was advocated by de Liic and Lichtenberg, suggesting that steam is independent and
mechanically mixed with air. These theories offer distinct interpretations from the
perspectives of chemical dissolution and mechanical mixture, playing different roles in
explaining the formation of rain.

Saussure and de Liic reached different conclusions regarding water evaporation and
condensation through their invention and manufacture of instruments. Saussure
investigated humidity changes with temperature by enclosing elastic steam, dissolved in
air, in an airtight shell (Wolf, 1952), while de Liic conducted quantitative studies on
atmospheric temperature, air pressure, altitude, and humidity. De Liic critiqued the
hypotheses of Leibniz and Bernoulli, emphasizing the non-fixed relationship between
fluctuations in atmospheric pressure and the amount of steam in the atmosphere (de Liic,
1797). Despite using organic media to manufacture hygrometers, de Liic could not
establish an absolute proportional relationship between changes in mass and size of a
substance and changes in humidity in the air. Studies like these laid a crucial foundation
for the development of meteorology and physics, reflecting the progress in scientific
technology of that time.

During Hegel's time, numerous hypotheses regarding the formation of rain were put
forth in the field of meteorology, along with extensive observational efforts using various
instruments. However, Hegel stressed that the concepts people used, and the physical
elements abstracted from them are fundamentally a “process” (Prozess). In his
perspective, the earth and climate serve as the tangible bearers of these physical elements.
People often mistake physical elements and their processes for individualized objects as
they tend to grasp the forms of existence, states of motion, and variables from paradigms
or theorems rooted in thought. For instance, in natural science research, there is a
tendency to start from physical laws, such as Newtonian mechanics, in order to analyze
specific phenomena encountered in experience. Yet, Hegel believed that while physical
laws might hold on a subjective level, they require further verification when faced with
objective natural objects. This standpoint sharply contrasts with Kant's dualism (the
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division between the thing-in-itself and the phenomenon) as upheld in the Critique of
Pure Reason. Hegel, however, strived to establish a close dialectical relationship between
the pure forms of logic and empirical objects in natural philosophy. This close connection
is achieved and completed through reflective thinking. In this process of reflection,
concepts (the terminological concepts used in argumentation) establish a dialectical
relationship with their corresponding realms in the real world, demonstrating Hegel's
profound understanding of the relationship between entities and processes, and how he
integrates philosophical thought with concrete findings in natural science, proposing a
new perspective on truth in the realm of natural philosophy.

HEGEL ON THE STEAM-ENGINE

Hegel's travels in September and October of 1822 took him through Netherlands and
Belgium, where he discovered that the steamboat journey from The Hague to London only
took 24 hours (Jaeschke, 2016). Although Hegel had only sparingly referenced the concept
of the “steam engine” in his writings, in The Jena System Il he extensively explored the
relationship between steam and power, drawing on Dalton's law of evaporation.

Dalton's law of evaporation emphasizes that the rate at which water evaporates from
a surface is directly proportional to the disparity between the saturated water vapor pressure
and the actual water vapor pressure in the air on the surface. It is inversely proportional to
the air pressure above the surface and directly associated with the wind speed above the
surface. In essence, Dalton established the relationship between the rate of evaporation from
a surface and the various factors on which the evaporation depends (such as wind, air
temperature, and humidity), formulating it as a linear function. Within this framework,
assuming that steam and air mix in the same container space, this involves the issue of
mutual pressure and the movement distance of particles between steam, as an elastic fluid,
and air. In a marginal note in The Jena System Il (Hegel, 1976, p. 65), Hegel cites Dalton's
original text. As stated by the editors of Hegel's collected works, this citation comes from
the 1803 volume 13 of Annals of Physics, published in Halle, titled “Further Discussion of
a New Theory on the Nature of Mixed Gases” (Weitere Erorterung einer neuen Theorie iiber
die Beschaffenheit gemischter Gasarten).

First, the section quoted by Hegel mainly explains: “The space occupied by a certain
gas is inversely proportional to the pressure it is under. The absolute distance between these
particle centers must vary according to different circumstances and is difficult to ascertain;
however, in certain cases, it is possible to express their relative distances in different elastic
fluids” (Hegel, 1976, p.329).

Second, Hegel highlights in The Jena System 111 the latent energy of vapor as an elastic
fluid: “Potential steam, elastic fluid, condenses at a certain temperature, producing more
heat than an equal amount of water at the same temperature” (Hegel, 1976, p.67). The actual
contact of dissimilar particles in mixed elastic fluids results in interactions between them,
akin to the resistance observed in inelastic bodies, creating a polarity-like resistance
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between air particles and steam molecules. Hegel observes significant energy released
during the process of steam molecules condensing and transforming into water, describing
this energy as “free and sensitive.” Furthermore, Hegel references Gren's remarks on Mr.
Watt in “Outlines of a Theory of Nature” (Grundrif3 der Naturlehre), to support the assertion
that the thermal content in steam significantly surpasses that in boiling water. Hegel
indicates that if the steam is enclosed in a non-evaporating container, its temperature may
rise up to 943 degrees (Gren, 1800). With Gren's support, Hegel identifies a physical law in
the phenomenon of steam expanding, releasing energy, reducing temperature, and
condensing into water: When the cohesive form of a body changes, its energy shifts towards
the thermal substance. This law applies to various evaporation phenomena, including the
volatilization of mercury and oxidizer reactions. Hegel's examination of this specialized
individual physicality emphasizes investigating the relationships of pure quantities of
bodies (such as specific gravity) and their cohesive forms, exploring how they ultimately
transform into heat or other forms of energy mediums.

Finally, Hegel discovers his exploration of individual physicality within the
conceptual framework of “the process of the earth” (der Prozess der Erde). He observes:
“The process of the earth is constantly stimulated by the universal self of the earth, which
is the activity of light, representing the original relationship between the earth and the sun.
Consequently, the process of the earth undergoes further differentiation based on its position
relative to the sun, a position that dictates climate and seasons, among other factors” (Hegel,
1970c, p. 178). According to Hegel, the process of the earth will ultimately disintegrate and
become a natural existence devoid of self-consciousness. However, within this process lies
a crucial phase: the emergence of human life and the actuality of spirit. Human life and
spirit can represent the process of the earth within the logic of “being for itself”
(Firsichsein). Therefore, despite Hegel not disclosing the scientific mechanisms behind
natural phenomena such as the formation of rain (he only clarifies the cyclical
transformation of water and its philosophical implications), his thought shifts from the
natural world to the spiritual and rational structure of humans, returning once again to the
system of speculative philosophy. This serves as the crux of Hegel's philosophy,
demonstrating how he integrates natural scientific phenomena with human spirit and
rationality to deeply contemplate and interpret the natural world within his philosophical
framework. This approach reflects Hegel's effort to connect the natural sciences with human
spirituality and rationality, thereby providing profound insights into the philosophical
interpretation of natural processes.

Regrettably, in his exploration of the scientific principles of the “steam engine,” Hegel
confined himself to citations and investigation without delving into the transformation of
these principles into technology or the resulting revolution in social productivity and the
accompanying societal ramifications. In The Jena System, Hegel examined the connection
between labor and tools, viewing tools as dynamic entities that could only modify nature
through human labor. In contrast, machines represented a further conceptual advancement
of tools, bringing about not only catastrophic consequences for the natural world but also
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deceiving it. Hegel labeled this extreme development of machinery as “the cunning of
reason,” leading to the alienation of human instincts from nature, enabling nature to exhaust
itself (Hegel, 1976, p. 207). In his later work, Principles of the Philosophy of Law, Hegel
elaborated on the relationship between the division of labor and machine production, noting:
“Furthermore, the abstraction of production leads to increasingly mechanized labor, until
ultimately, humans can step aside, replaced by machines” (Hegel, 1970a, p. 353). As time
progressed, Hegel in his Berlin period recognized the positive impact of machinery on the
general welfare of the state, social classes, and division of labor. However, due to cholera,
he passed away on the day of the unveiling ceremony of the granite bowl, thus missing the
opportunity to firsthand witness the national significance symbolized by the era of the steam
engine. The absence is immense for aesthetics, law, and other philosophical considerations
in real philosophy, which according to Hegel incessantly progresses and evolves based on
the principle of concept and reality.

CONCLUSION

| suggest that Hegel's examination of the steam engine reflects the foundational
methodological approach in his philosophical thought. This approach involves establishing
a dialectical relationship between concepts (terminological concepts used in argumentation)
and their corresponding domains in the real world. These concepts stem from the pure forms
of thought in logic; however, the merging of logical concepts with the tangible objects of
real philosophy necessitates ongoing reflection for adjustment and refinement. This could
partially elucidate why Hegel didn't delve deeply into the technical aspects of the steam
engine and its resulting social impacts: His focus was more on the transformation of
dialectical relationships among physical elements in natural philosophy and the delineation
between specialized individual physicality and the earth's processes. Furthermore, | contend
that Hegel's noticeable reduction in lectures and writings on natural philosophy during his
time in Heidelberg and Berlin may be ascribed to the challenge of identifying concept-
reality correspondences that align with his dialectical trichotomy amidst the significant
shifts in scientific research and technological innovation during the early 19th century.

Since the Jena period, Hegel has consistently emphasized the significance of natural
science in his philosophy, in addition to being actively involved in the Mineralogical
Association and the Physical Society. The substantial incorporation of natural science
materials is notably conspicuous in The Jena System I11. This is undoubtedly influenced by
the intellectually stimulating academic environment at the University of Jena. While Hegel
initially showed interest in Watt's steam research in his The Jena System, this interest did
not continue in his later philosophical work. This could be due to geographic limitations,
his academic focus on philosophy, or the incomplete industrialization in the Prussian
Kingdom where he lived. Regardless of the reason, Hegel's understanding of the steam
engine as a machine went beyond the traditional European perspective, which viewed
machines as anthropomorphized and ontologized clockwork mechanisms. His perspective

126
soctech.spbstu.ru



Technology and Language Texuonoruu B undocdepe, 2024. 5(1). 116-128 i
i

laid the groundwork for the Young Hegelian school and Marx, marking a significant
development in the industrialization of machinery.
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AHHOTaNus

TexHoOymylee, To €CTh 3asBIEHUS O HOBBIX U TOSBJISIOIIMXCSI TEXHOJOTHUSIX, KOTOPbIE MEHSIOT MUP,
KaKUM MBI €r0 3HAeM, 4acTO CIEAYIOT YUCTO TUIIOTETUYECKOH U, CIEeIOBATENIbHO, TAKXKE CIEKYISITUBHON
MaHepe. B To ke BpeMs oHH (GOPMHUPYIOT TO, KaK MbI JyMaeM U OOCYXKJaeM HOBBIC M IMOSIBIISIOIIHECS
TEXHOJIOTHH, U OKa3bIBAIOT BIUSHUE HA PAa3BUTHE CAMOM TEXHOJOTUHU. YUeHbIC U3 00JIACTH UCCIEAOBAHUS
Haykn U TexHosoruii (STS) W OIEHKM TEXHOJNOTHH OOpPaTHINCh K TEXHOOYAyIIeMYy Kak K OOBEKTY
WHTEepeca, YTOOBI JIy4YIlle IIOHSTH COMCpPXKAHWE, PACIPOCTPAHCHHWE W BIUSHUEC TEXHO-BHU3HMOHEPCKOM
KoMMyHHUKamn. OOIeill XapaKTepUCTHKON ASTHX IIOAXOJO0B SBISAETCS TO, YTO OHH PacCMaTPUBAIOT
TexHOOyIyIee He KakK MPEACKa3aHhs TOTO, YTO MOXKET WIIM HE MOXKET MPOM3OUTH, a KaK OTPaKCHHE
TEKYIIETO TIOJO0KEHUS IeJ, TO €CTh COBOKYITHOCTh CYIICCTBYIOUINX 3HAHUH, IEHHOCTCH W OTHOIICHUIH.
OmHUAM U3 TaKHUX ITOAXO0/O0B SBISCTCS TEPMCHEBTHUCCKAS OLEHKA TEXHOJIOTHH, KOTopas (poKycupyeTcs Ha
aHaJIM3e TOT0, KaK TeXHOOYIyIIee MPUIAeT 3HAU€HNUE HOBBIM M TIOSIBJISTFOIIIUMCS TEXHOJIOTHSIM. JTa CTaThsI
JIaeT TPEACTAaBJICHHWE O pasIUYHbIX B3MJAJaX Ha TEXHOOYIyllee U TpejJiaraeT OCHOBY JUIA
TepMEHEBTUYECKOW OIEHKH TexHoOymymero: “Kpyr Oyaymiero”. JlaHHasi KOHIIEMIIUS JaeT PYKOBOACTBO
JUIsl B TPOTHBHOM CIydya€ 4YacTO BechbMa OECMOPSIOYHBIX HCCIEAOBAHUNW U CIOCOOCTBYET
METOJI0JIOTUYECKOMY OCMBICIICHUIO TEPMEHEBTUYECKOM OTIEHKH TEXHOJOTHH.

Kurouesnblie ciioBa: ['epMmeneBTHYeckas olieHKa TexHonoruii; TexnoOyayiee; OueHka
texHonoruit; Meroxn; Pamku; Pukép
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INTRODUCTION

New and emerging technologies (NEST) come with the promise of disrupting the
world as we know it while at the same time lacking the proof of their actual impact.
Technologies such as humanoid robots, smart lenses, synthetic biology, gquantum
computers, carbon dioxide removal, in-vitro meat, nuclear fusion reactors, and many
others share the characteristic of not yet being fully functional devices but being expected
to become part of our society in the near future (Rotolo et al., 2015). This means that,
except for a few prototypes in R&D departments or research institutes, NEST exist
primarily in the way we talk about them, meaning the shared expectations of these
technologies and their potential applications. These expectations are called
»technofutures™ (Grunwald, 2012). They exist in many forms and have different origins.
Among others, technofutures can be the outcome of foresight processes to assess potential
impacts of a technology as in classical or consequentialist Technology Assessment (TA)
(Grunwald, 2010); they can be authored by science managers who promote a certain
technology in the political or public sphere, so called Visioneers (McCray, 2013); they
can be written by science fiction (SF) authors, who are inspired by emerging technologies
to explore potential futures in thought experiments or use them as metaphors to reflect on
current social issues (Mehnert, 2022). In sum, technofutures form an important discourse
surrounding NEST. They communicate the technology towards a diverse group of
stakeholders, attribute a certain meaning to the technology and create expectations long
before it can be said that these might actually be fulfilled. While technofutures deal with
potential future scenarios, they are created at a time when there is limited or no existing
knowledge regarding the likely trajectory of the respective technology, the potential
products that may emerge from its development, or the possible repercussions of utilizing
such products. This being said, technofutures often follow “a purely hypothetical and thus
also speculative manner” (Grunwald, 2014, p. 276). At the same time, they shape the way
we think and discuss emerging technologies and leave an impact on the development of
the actual technology, which creates a paradoxical dynamic between fiction and actual
impact.

Facing the situation that technofutures, despite (or because of) their fictional
character have an actual impact on the development of the technology, scholars from
Science and Technology Studies (STS) and TA have turned towards technofutures as
objects of interests. They developed approaches to better understand the content, the
spreading and the impact of techno-visionary communication (Brown et al., 2000;
Jasanoff & Kim, 2015; Losch et al., 2019). The shared characteristic of these approaches
is that they view technofutures not as predictions of what may or may not happen, but as
reflections of the current state of affairs and compositions of existing knowledge, values,
and attitudes. One of these approaches is Hermeneutic TA (Grunwald, 2016, Grunwald
et al., 2023), which focuses on analysing how technofutures attribute meaning to NEST,
rather than predicting the impact of NEST. Hermeneutic TA is concerned with
understanding the cultural context, the creation, and the impact of technofutures on the
development of NEST, with the goal to better inform society and policymaking.

This paper offers an insight into the different perspectives on technofutures and
offers a framework for a structured assessment. Building on Ricoeur's narrative
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hermeneutics, the framework will take into consideration different forms of figurations
that become relevant when understanding how meaning is attributed through
technofutures. Therefore, in a first step, | will explain what | understand technofutures to
be, will then highlight different research perspectives, and at the end bring them together
in form of the aforementioned framework. With this paper | aim to contribute to the
methodological reflection on Hermeneutic TA and offer a structured guidance through an
otherwise often rather erratic research approach.

A DEFINITION Of TECHNOFUTURES
Futures as Different Worlds

Technofutures are statements about the world changed by the consequences of a
new technology (Nordmann, 2014). While these statements may occasionally incorporate
a loosely defined timeframe, the primary emphasis lies in the nature and quality of the
claimed change(s). Depending on the statement, the consequences are framed as positive
or negative, concluding in ethical, cultural, economic, social, political, or ecological
changes (Losch et al., 2016). Nordmann (2014) describes this relation between future
consequences and our current world in the following way:

The future begins when a difference arises that sets the world of the future apart
from that of the present. In the discussion of emerging technologies, for example,
one usually posits a transformative innovation that introduces a qualitative
difference, and then wants to know what the consequences of the innovation will
be in that future world. (p. 132)

Consequentialist thinking is at the centre of technofutures and aims at creating
pathways into the alleged future. These pathways represent a plausible sequence of
implications originating in our present (i.e., if X occurs today, it might result in Y
tomorrow, and this, could lead to Z the day after). The method of thinking in implications
facilitates the envisioning of a world that deviates from our own, as these ramifications
might change minor or, at times, major aspects of our already known world (Mehnert,
2023b). Based on the depiction of these worlds through technofutures (i.e., talks,
presentations, videos, actual images, and other media), we can judge whether we would
like to live in such a world or what we should do to prevent it. Nordmann (2014) writes:

[Technofutures] are made to be beheld and judged not by future generations but
by people like us who, akin to tourists, encounter another way of living, consider
its pros and cons, and might end up trying to integrate it with their world at home.

(p. 90)

Nordmann therefore proposes changing the way we talk about technofutures.
Instead of saying that this imagined future is a different world, he removes the temporality
from the phrase and says: it is a different world that is being imagined here (p. 89). With
this rhetorical trick, Nordmann takes away the predicative effect of technofutures and
understands them as one of many possible alternatives to the actual world. This takes
away the heaviness of framing the future as determinant prediction and instead positions
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the depicted future as one alternative world. The perspective on the imagined world also
allows to weigh the advantages and disadvantages and, in the end, to decide to support
this world in its emergence or to prevent it. Technofutures thus become discussable in
terms of their implied hopes rather than the probability of their realisation.

The Attribution of Societal Meaning

As change is at the core of technofutures, we can break them down to a causal
structure of “if-and-then” (Nordmann, 2007). This structure suggests a function of an
emerging technology (“if”’) and continues with a positive or negative consequence that
demands attention (“then”). Typical examples are: if it should be possible to create a
direct interface between brains and machines, then this device threatens an invasion of
privacy (Nordmann, 2007); if we can grow meat in a lab, then we can solve today’s
devastating effects of meat production (Ferrari & Ldosch, 2017); if we produce
autonomous weapon systems, then these systems might be hacked and used against
citizens (Mehnert, 2019); if we create devices that capture carbon dioxide from the air,
then we can solve the looming climate crisis (Ornella, 2022).

Through implying that a technology will have a certain function (“if”’), and that this
function will cause an impact on society (“then”), technofutures attribute meaning to the
emerging technology way before the technology is available. It also involves associating
a potential benefit or risk to society, individuals, or nature with the specific technology
under consideration. This way the technology becomes societally meaningful (Grunwald,
2019, p. 105) and appears to be relevant for different actors who will have to position
themselves towards or against the technology and the implied world. With regard to the
actual development of the technology, the attribution of meaning becomes crucial for the
social acceptance or rejection of the respective technology as it forges alliances (Ferrari
& Losch, 2017) or guides policy and decision-making processes that ultimately determine
whether research and development should be promoted or regulated (Grunwald, 2019, p.
106). As technofutures shape the discourse on emerging technologies the analysis of
technofutures and understanding the process of attributing societal meaning to the
technology becomes relevant to offer better orientation. This highlights a necessity
formulated by Grunwald (2016), in the following way:

We must deal explicitly with the issue of how these meanings are created and
attributed, what their contents are, how they are communicated and disseminated
and what consequences these attributions of meanings have in the RRI debates
and beyond, e.g., for public opinion forming and political decision making. (p. 14)

Instead of looking for potential consequences of an emerging technology, this
perspective on technofutures addresses questions such as: What assumable functions and
consequences are attributed to the technology? What are these assumptions informed by?
How is the attribution of meaning constructed and communicated? Are the consequences
framed as positive and negative and who is framing them? To answer these and similar
questions, Grunwald (2016) proposes to deconstruct the attributed meaning through an
approach he calls Hermeneutic Technology Assessment:
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The hermeneutic approach (...) will contribute to the development and application
of a new type of reasoning and policy advice in debates on future technology
beyond traditional consequentialism. Its objective is to allow deciphering the
meanings assigned to NEST developments as early as possible in order to allow
and support more transparent and enlightened debate. (p. 4-5)

The aim of hermeneutic analysis is to reflect on existing technofutures and thereby
deconstruct the inherent attributions of meaning. According to Grunwald (2016),
hermeneutic analysis contributes to a critical-reflective and enlightening attitude towards
the various debates on emerging technologies (p. 169).

When delineating the methodological approach, Grunwald remains broad,
primarily because hermeneutics employs diverse methods depending on the research
question and the objects of interests. For example, discourse analysis enables the
investigation of actor networks and communication dynamics, methods of qualitative
social research, such as laboratory research or participant observation, allow the
investigation of the construction of technofutures, while deconstructive methods of
philosophy of science illuminate the genealogy and history of concepts and ideas
conveyed in technofutures (Grunwald, 2016, p. 180). Regarding text formats, Grunwald
refers to hermeneutic approaches from linguistics or cultural studies, while for artistic
formats he suggests analysing stylistic devices or the transfer of connotations, as such
transfers often also implicitly provide attributions of meaning through associations and
metaphors, which must be made explicit to make technofutures the subject of a
comprehensible discussion. Furthermore, the literature often points towards a set of
questions like these:

What are the cognitive and normative elements? Is the overall construction of a
vision with the identified elements ‘rational‘? What are the hidden premises and
inexplicit norms of the visions? How are visions used in public debate? Where do
the visions originate from — culturally or historically? What do visions tell us
about us today? What are the differences between the diverging visions?
(Grunwald, 2013, p. 31)

These questions point at a critical, deconstructive and reflective research approach
towards technofutures. However, if taken together, the questions are often rather large,
include diverging perspectives and appear to be overwhelming when being treated all
together. Therefore, | want to offer a structure for a hermeneutic process that follows the
narrative hermeneutics by Ricoeur (1984) which he lays out in his work on “Time and
Narrative.” Ricoeur describes an approach to narrative that does not only look at the plot
structure and inherent constellations of a story but rather at the larger context. For this, he
suggests a hermeneutic approach that follows three perspectives that he calls
Prefiguration (or Mimesis 1), Configuration (or Mimesis 2) and Refiguration (or Mimesis
3). This approach of narrative hermeneutics separates the analytical process of
hermeneutic TA into three distinct perspectives which I will explain in the following.
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THREE PERSPECTIVES Of HERMENEUTIC TA

As we do not have any direct access to the future, the only knowledge we can use
to think about futures is our present-day knowledge, meaning our values, fears and
expectations, our culturally shared assumptions of the future, and our ways of
‘constructing’ visions. This “immanence of the present” (Grunwald, 2012, p. 99) also
situates futures in the present. Therefore, hermeneutic TA understands visions of the
futures not as pointing to future technologies or to their anticipated consequences, but
rather as present processes of attaching societal meaning to new technologies. The
following perspectives move the content as well as the processes of generating,
disseminating, and contesting technofutures to the focus of TA.

Prefiguration: Cultural context of Technofutures

Although visions of technological futures describe ideas about future developments
they are always tied to the respective present of the actors, whereby (consciously or
unconsciously) the present, i.e., the authors perspectives, perceptions of the world and
deeper cultural patterns, are inscribed. Therefore, the culturally shared imaginaries, where
these imaginaries come from, which hopes or fears they express, what values they hold
and how this refers to the culture of origin play an important role in hermeneutic TA. In
this regard, Wei-Kang Liu (2023) points out that part of hermeneutic TA should be a
cultural-linguistic analysis which “uncovers the cultural-historic background of visions
together with their implicit meanings” (p. 25). The following examples will give a better
understanding of the perspective on prefiguration.

Grunwald uses the term ciphers to describe that technofutures refer to themes, that
are implicitly presupposed but not always explicitly addressed. He understands ciphers
as signs or abbreviations that have a function and a meaning in a certain context, which,
however, remains blurred to some extent: “Ciphers refer to something outside of them,
but without uncovering it in its entirety” (Grunwald, 2012, p. 121, authors translation).
Technofutures refer for example to already existing imaginaries of human beings
(Menschenbilder), human-machine interactions, social imaginaries (Castoriadis, 1975;
Taylor, 2003), or worldviews. In this way, technofutures are prefigured by culturally
shared imaginaries, hopes, fears, and ideas of a better world — while at the same time
claim, that this better world could (only) be achieved through the technology. For
example, the vision of human enhancements follows an understanding of the human as a
machine that can be upgraded to become more efficient. Not only is this understanding
of the human a debatable image, it is also only one of many understandings of what it
means to be human, which leaves out the necessary imperfection and submits to a
capitalistic logic of growth (Coenen, 2010). While the development of the technology
continues, this understanding of human as a machine will be inscribed into the actual
technology. Hence, technofutures are not just about the future but point at current
problems, longings or hopes, as well as bigger issues beyond the vision itself.

This dynamic is also interest of research in the field of STS, when tracing the social,
cultural and historical peculiarities in the development of technologies. Suchman (2006)
points out that imaginaries spread within a society through information and
communication networks and materialise in new technologies. In this regard, Haraway

135
soctech.spbstu.ru



Special Topic: Hermeneutics of Technology
Tema Beiycka '/ epyvenesmurxa mexnonozuil”

speaks of materialised refiguration (1997) and emphasises that in new technologies the
immaterial histories, longings, and needs of a culture connect with the material world.
According to this perspective, technoscience and culture do not exist in a vacuum, but are
intertwined, as can be empirically examined, as has been done when analysing visions of
robots and how imaginaries spread through different cultural spheres (Telotte, 2016) or
how the development of artificial intelligence (Al) is inspired by cultural imaginaries and
driven by the wish to achieve something outside of the actual technology (Cave et al.,
2020).

Connecting to existing imaginaries can also blur the view on the actual
development. Barbrook (2007) for example examines how imaginaries of Al have
overshadowed the actual development of the technology. From the 1950s on, computers
were perceived under the imaginary of becoming sentient machines, while the technology
was used for the production of cybernetic weapon systems (p. 40). The assumption was
that once the technology matured enough, thinking machines would be inevitable and
artificial consciousness (AC) would be achieved within the next decade (p. 19). This
imaginary, which was spread by Al-pioneers, was taken up by IBM which announced in
1961 that it would give top priority to the development of AC, while IBM's computer
machines continued to be used mainly as weapons systems. According to Barbrook, the
imaginary and hope of an artificial consciousness legitimized the continuous research for
smarter weapons.

To examine the influence of the cultural present on technofutures in the realm of
policy making, Jasanoff & Kim developed the concept of sociotechnical imaginaries,
meaning collectively shared, institutionally stabilized, and publicly enunciated visions of
desirable futures shaped by a culturally shared understanding of social coexistence and
social order which will be achieved using emerging technologies (Jasanoff, 2015, p, 19).
With a background in political science, Jasanoff & Kim focus primarily on publicly
available, nation-state positions on emerging fields of technology. In their study
“Containing the Atom” (Jasanoff & Kim, 2009), for example, the two scholars compare
the U.S. government's stance on nuclear technology with the position of the South Korean
government. They show that the cultural-historical background plays a decisive role in
envisioning the technofuture and therefore in acting upon the technological development
in the present. To be precise, against the backdrop of reactor accidents such as Three-
Mile Island, the US-government saw itself in the role of containing nuclear risks and
developed the self-image of a responsible regulator who develops effective containment
strategies. In South Korea, on the other hand, the technofuture of nuclear energy followed
the assumption that nuclear power would promote prosperity and growth. Rather than
seeing the future of nuclear power as an uncontrollable risk that needed to be contained,
the Korean government viewed nuclear technology as an important step in the nation's
economic and military construction. With their comparison, they showed how different
imaginaries of social life and order and the imaginative resources available are co-
producing the visions of goals, benefits and risks of science and technology in the future
(141).

The role of the Zeitgeist is also expressed in the artefacts of everyday culture, like
SF. Using the cyberpunk genre as an example, Mehnert (2021) traces how the popular

136
soctech.spbstu.ru



Technology and Language Texnonoruu B uHpOchepe, 2024. 5(1). 129-151

framing of the future as techno-determinist nightmares depicted in these stories points at
the structure of feeling of the 1980s. Cyberpunk fictions tell stories of dystopian worlds,
in which a fictional society is entangled in high technologies of various kinds. Often, the
characters are enhanced by cybernetic-implants, connect to a shared cyberspace-matrix
through bodily sensor-stimulations, and interact with human-like A.l.s on an everyday
basis. Despite the technological progress, though, the inhabitants of this world struggle
to survive, as the sociotechnical environment renders them powerless — left with the only
option to hack the technology to redeem some form of autonomy. These stories represent
a feeling of losing oneself in an ever-faster pace of technological progress, mixed with
the paradigm of a neoliberal economy and the false promises of free markets postulated
by politicians like Margaret Thatcher and Ronald Reagan in the 1980s. This feeling
became the breeding ground for cyberpunk and defined an aesthetic of a technofuture that
endures to this day.

These and other examples show that technofutures link societal hopes and fears to
the ideas of new technologies and provide a glimpse of a social future, perceived as
utopian or dystopian, to be achieved or prevented by technology. Iser, pointing at the
cultural prefiguration, mentions that every text inevitably contains a selection from a
variety of social, historical, cultural, and literary systems that exist as referential fields
outside the text (Iser, 1993, p. 4). Or as Ricoeur (1984) puts it, the author is composing
the plot, “grounded in a preunderstanding of the world of action, its meaningful structures,
its symbolic resources, and its temporal character” (p. 54). They select and rearrange the
elements they find, inevitably leave out elements, overemphasize others and bring them
into a deliberate coherence. Hence, besides the elements that are mentioned in
technofutures, it is also important to reflect on which elements are not mentioned and
(intentionally or unintentionally) left out. Read in this way, technofutures tell us more
about the desires of a particular cultural than the potential of technologies themselves
(Sturken et al., 2004, p. 7).

Configuration: Mediatization of Technofutures

To be analysed hermeneutically, the imaginaries, that inform the thinking about the
future, need to be lured into a form or a Gestalt (Iser, 1993) — in other words: a medium.
Although imaginaries of futures, i.e., fantasies, daydreams or other purely cognitively
existing futures that individuals hold, also have an impact on individual actions and
decisions, they cannot be analysed unless explicitly expressed and shared. Thus, it is
important to call to attention that technofutures are constructed and that the construction
process is shaping their meaning:

Techno-visionary futures do not exist per se, nor do they arise of their own accord.
On the contrary, they are ‘made’ and socially constructed in a more or less
complex manner. Futures — be they forecasts, scenarios, plans, programmes,
visions, speculative fears or expectations — are ‘produced’ using a whole range of
ingredients such as available knowledge, value judgements and suppositions.
(Grunwald, 2013, p. 29)
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As Grunwald emphasizes, the way how futures are constructed, that is, which
ingredients are used and coherently assembled, is decisive for their content and becomes
relevant for the assessment of the vision (Grunwald, 2010, p. 100). In this regard, Wei-
Kang Liu (2023) speaks about “visioneering assessment”, emphasizing that the content
of visions are usually analysed in great detail, while the process of constructing is often
overseen. Consequently, visioneering assessment has the task to uncover the process in
which visions are constructed. This process, of course, differs from medium to medium,
as each medium asks for different construction processes. In the context of hermeneutic
TA, technofutures are usually part of a mediated discourse on NEST in scientific, policy
and public spheres. Thus, they are present in form of texts, pictures, presentations or
performances, slides, objects, prototypes, tables, film or video, sound, and many other
media formats. These mediated futures become the corpus of a hermeneutic analysis
while the process of mediatizing technofutures in itself is also impacting the content.

The role of the medium plays a decisive role in constructing technofutures, as it
predefines a certain set of codes that authors have to submit to. To assess technofutures
thus also means to address the affordances and restrictions of the medium. In this context,
Ernst and Schroter ask about the mediality of futures and how the medium, with its
respective design rules but also as epistemology, contributes to technofutures. They refer
to the concept of technoimagination by the media philosopher Villem Flusser (1998, p.
209), whose thesis is that new media lead to a new form of imagination and media
upheavals thus change the power of imagination itself (Ernst & Schroter, 2020, p. 61).
Dickel (2023), relating to McLuhan’s (1964) famous quote “the medium is the message,”
emphasizes that the materiality of technofutures, the question of how and by which
material means and practices technofutures are expressed, as well as the media
technologies that enable, structure, and shape the production and reception of
technofutures become important (Dickel, 2023, p. 159). He points out, that each medium
requires not only different processes of production but also assembles different actors and
requires different technologies. This, in return, also has an impact on the content: If
futures take the form of texts or are turned into movies, the technologies of writing texts
or producing movies will shape the outcome. Working with movies, for example, forces
you to become specific by showing the technofuture, whereas text allows to stay more
abstract and use more general concepts. Or in other words, it is easier to say “in the future,
everyone will be happy” than to show, how happiness will look like in the future and what
it is caused by.

The most intuitive medium to express visions of futures is language. Texts thus
become important, which in turn necessitates literary studies and textual analysis as
means for a hermeneutic assessment. In particular, the role of metaphors used in visions
about emerging technologies become of interest for critical reflection (Inayatullah et al.,
2016). Metaphors are crucial to how we make sense of our world and how we
conceptualize things through another. As emphasized by Lakoff and Johnson (2003),
metaphors shape not only our understanding of the world but also our experience of and
actions within it. Analysing the metaphors used to express visions allows to reflect on the
underlying prefiguration —and also offers creative and playful approaches to reimagining
alternative futures (Fischer & Marquardt, 2022). To provide an example, Nordmann
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(2014) points out that the term emerging technology is already a metaphor, as it suggests
the emergence of new technological capabilities which “can be linked to a rising tide — it
will just go on and on, and at some point, the dams to a new world with new capabilities,
opportunities, and risks will simply break” (p. 92). Framing a technology as emergent,
hence, already attributes the meaning that this technology will one day flood our world
and create impact. The metaphor implies that the coming of the technology is inevitable
and that it will have some kind of an impact, thus reducing the questions of its
development to the question of when rather than if, why or how.

Beyond metaphors, the way technofutures are told and the storylines in which they
are embedded also become of interest to a hermeneutic TA. Gransche (2015, p. 252) and
Grunwald (2016, p. 3) emphasize the similarity of technofutures to stories, as both
articulate processes of change. Thus, an important mechanism for giving meaning to
NEST is the narrative about future impacts and consequences. These narratives include
perceptions, issues that are seen as problems, expectations and hopes, concerns and fears
that lead to questions and controversy. In other words, technofutures can be seen as stories
that represent a systematic imagination of the interplay of future technologies with future
society (Losch et al., 2019, p. 1). The simplest storyline of technofutures follows the
beforementioned “if-and-then statement” (Nordmann, 2007), which suggests a
technological development (“if”) and continues with a consequence that demands
attention (“then”).

The storylines (i.e., patterns of argumentation) and the tropes being used (i.e.
recurring motifs or arguments) show similarities across different technologies, as they
have become an often used repertoire for moral argumentation about NEST (Swierstra &
Rip, 2007, p. 4). Therefore, technofutures are not simply an expression of individual
attitudes or preferences, but they can be seen as expression of a culturally shared
inventory of narratives, which are used to give meaning to a technology that is yet
unknown. Typical examples of such a narrative are opening Pandora's box, as has been
observed in the context of nanotechnology (Macnaghten, et al., 2010), or the inverse King
Midas narrative, defined by Swierstra and Rip in the following way: “Whereas the
mythical Greek king turned everything he touched into gold, modern (Western)
civilisation turns everything into a means of destruction (and both Midas and civilisation
got into trouble)” (Swierstra & Rip 2007, p. 9).

While aforementioned narratives are attributing a rather alarming meaning to the
technology at hand, more positive narratives emphasize the potential benefits created
through the technology. A popular one is the narrative of technological progress, in which
tools and machines promise relief from physical labour, new forms of industrial value
creation, unlimited prosperity, and better medical care for a longer and healthier life.
Following this narrative, emerging technologies are always accompanied by the promise
of social, cultural, and moral progress (Grunwald, 2010, p. 22). This narrative has been
severely challenged, in particular as the societal benefits of technological progress are
increasingly overshadowed by the emergence of modernisation risks that pose an
irreversible threat to nature, animals, and human life (Beck, 1986, p. 17) or by
overemphasizing on the progress idea and following the logic of technological
solutionism (Morozov, 2014), implying that emerging technologies are capable of solving
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social problems while overshadowing alternative pathways that would build on social
instead of technological innovation.

Language is one of many vehicles being used to present technofutures. In addition
to text, visualizations of new technologies also play a central role. For example, the
debates around human enhancement, nanotechnologies or synthetic biology are largely
driven by futuristic-looking images and inspired filmmakers to join in artistic debates
(Grunwald, 2014, p. 285). In the context of film, “diegetic prototypes” (Kirby, 2010) help
to envision the debated technology and share their potential impact with a greater
audience. Kirby highlights that Filmmakers, scientists, and engineers use cinematic
representations of new technologies to reduce fears of the technology, to create a desire
in the audience for these technologies to become reality, or to normalize new technologies
by depicting their use in familiar contexts. The visualization of technologies shares the
meaning attributed to the technology in a low-threshold way, which is why visualisation
of different forms play an important role in the public perception of technology. A
hermeneutic analysis thus also takes the design of the diegetic prototypes, the context in
which they are depicted, the visual references the awake but also the design of the images
or films themselves into focus. This ultimately emphasizes the importance of media- and
design-theory for the discussion of technology futures.

Furthermore, technofutures of similar media (e.g., film, text, images, etc.) do not
only follow the specific codes of the medium but also of the specific genre. Steinmiiller
(2016) speaks of different forms of symbols (Zeichensorten) that are used in the
exploration of the future. Examples are trend-reports written by a research institute, a
descriptive scenario as an outcome of a TA process, a corporate vision or an
advertisement for a future product or a SF-story written by an author. Each of these
examples can come in the medium of text but represent different genres, as they are
differently aestheticized, i.e., constructed in accordance with the aesthetic codes of each
genre. To give an example, unlike the scientific experimenter or the future researcher,
who is bound in his thought experiments to the principles internal and external
consistency, stringent argumentation, plausibility, and more (Grunwald, 2009), the SF-
author is bound to the aesthetic principles of a narration: How does a coherent and
exciting plot develop? How can the fictional characters act psychologically convincingly
in unusual situations? Which conflicts and which resolutions are suitable to convey the
message? (Steinmiiller, 2016, p. 329) In other words, one reason for the dystopian
depiction of technology in SF is the restriction of the genre and its dependence on
conflicts. Conflict is a necessity in the genre of SF-stories, which often resolves in
framing of future technology as an evil actor responsible for a dystopian future (Mehnert,
2019).

The difference between the genres is often hard to identify. For example,
technofutures by tech companies, so called “Leitbilder” (Dierkes et al., 1996, p. 18), are
a genre which follows its own codes but has overlaps with SF. In terms of content,
terminologies like Cyberspace or Metaverse originated in SF but got adopted by the
industry as a common vision, as using popular semantics can be useful to translate abstract
innovation processes to stakeholders outside of research and improve communication
between research and industry or fundraising for research projects (Schroter, 2004, p. 32).

140
soctech.spbstu.ru



Technology and Language Texnonoruu B uHpOchepe, 2024. 5(1). 129-151 ﬂ
—

However, while both genres follow the same speculative epistemology, they pursue
different goals: Whereas SF visions can be understood as fantastic entertainment, tech
visions demand potential plausibility from the recipients to legitimise the companies
research of the technology, to find strategic partners or to attract new fundings (Haupt,
2021). To achieve this goal, actors pursue different rhetorical strategies and use particular
aesthetic codes that postulate the projected change not only as desirable and necessary,
but rather as familiar and natural (Mehnert, 2023a). This goal oriented and strategic
perspective will become relevant in the next chapter.

Refiguration: The reception and impact of Technofutures

There has been a considerable increase in technofutures in recent decades
(Grunwald, 2018). One reason for this is the increasing socialisation of development
processes. Innovations arise from collaborations between, for example, entrepreneurs,
developers, sponsors, communication experts, politicians, and others. Coordinating this
cooperation requires shared visions that enable the actors to understand the importance
of innovation and work together to realise (or prevent) these technofutures. Therefore, the
third perspective, the refiguration, looks at how technofutures are impacting the discourse
on emerging technologies.

Technofutures are used as strategic resources in political and technological agenda-
setting processes. For example, they can create hypes and motivate actions through a fear
of missing out or stimulate other activities necessary to realise or prevent the respective
technology (Rotolo et al., 2015, p. 28). They also attribute roles and responsibilities, as
van Lente & Rip emphasize. technofutures contain a script of the future world in which
relevant actors, explicitly or implicitly, are positioned exactly as characters in a story.
This positioning is strategic and has an impact on the present. Since the visions are often
public or semi-public statements, they require a response from the actors being
positioned. An actor who rejects the role must react (e.g., by protesting against or
contesting the nature of the vision). In this way, alliances get forged, positions defined,
and discourses formed (Van Lente & Rip, 1998, p. 218).

Due to this discursive character, technofutures can be understood as “socio-
epistemic practices” (LOsch et al., 2019). They can shape the actual development paths
by, for example, legitimising or defaming research on the technology, coordinating the
cooperation of different actors, mobilising supporters for or against development, and
much more. As said before, technofutures are socially constructed, that is, there are
authors and producers who create these futures with a certain intention and a strategic
goal in mind. This goal can vary and can either be to entertain, as in some form of SF, or
to persuade its audience, as for example in corporate visions of emerging technologies.
Regarding the later, the term Leitbild is used for technofutures that are intentionally
guiding the development process of an emerging technology (Mambrey et al., 1995,
Dierkes et al., 1996). Dierkes et al. describe the Leitbild as a general ideal or vision of a
desirable future moment associated with the means of technology, a family of
technologies or a technical system (p. 18). Dierkes emphasises that Leitbilder: (1) are
mediated translations of an abstract innovation process into tangible ideas; (2) explain the
special significance of a technology to politicians, industry managers and sponsors to
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forge alliances; (3) and give purpose to the developers work by embedding it in a larger
idea (e.g., fighting climate change or progressing the future of humanity) (p. 29).

However, whether a particular technofuture is accepted as a Leitbild, or whether it
will have any impact on the actual development, depends on whether it is ascribed
validity. technofutures that leave an impact in one way or another are those that portray
the described technology and its effects as inevitable (Nye, 2004, p. 160) — and are
persuasive enough to be believed in. According to Grunwald, the validity of technofutures
is decided discursively (Grunwald, 2009, p. 30). It is therefore not only the content of
technofutures that determines its validity but rather its social acceptance. In this sense,
technofutures entail a paradox: As said before, they are speculative and therefore
fictional, however, to be impactful, they have to be accepted as if they would become an
actual future present and convince addressees of their non-fictional character. Thus, an
impactful Technofuture becomes “a fiction that masks its fictionality” (Iser, 1993, p. 13).

However, fictionality might not become a sufficient criteria to judge on
technofutures (as all technofutures are necessarily fictional by definition). Esposito
emphasises that reducing technofutures to the opposition between real (plausible) and
non-real (fictional) would neglect their social relevance. Fictions, Esposito continues,
should rather be understood as useful and functional concepts that are developed based
on comprehensible rules on which there is agreement among the participants (Esposito,
2007, p. 57). RoBmann (2021) stresses the fictional character of technofutures and
compares them to a “make-believe game” (Walton, 1990), a children's game in which all
players imagine an object as something else and adjust their behaviour accordingly.
RoBmann gives the example of children who pretend that tree stumps in a forest are bears
and react to the stumps as if they were encountering a bear. Transferring the analogy to
technofutures, the bears become the technology and the children become the stakeholders
(e.g., developers, politicians, users, etc.). The premise of the ‘game’ is, that the
technology will arrive at a time later than now and all stakeholders involved have to react
as if the premise would be true, for example by supporting the development, discussing
on potential impacts and defining regulations to prevent them. With this regard, van Lente
& Rip give the example of Moore's law (Van Lente & Rip, 1998, p, 203). This ‘law’
claims that the calculation power in an integrated circuit doubles about every two years.
Although it is far from an actual law, the vision is treated by the actors as if it would
become a reality in the future. By acting upon this vision, Moore’s law has become a self-
fulfilling prophecy, trapping the actors in a game-theory dilemma in which each actor
strongly suspect the other actors to continue the research and progress the development,
while no one wants to run the risk of falling behind. Moore's law has become a plausible
fiction in this sense. Thus, the attribution of validity to a technological future depends
only to a limited extent on its content, its rhetoric, and its arguments, but also on the
perception and the way stakeholders relate to it — or in other words, to refigure the social
dynamics surrounding emerging technologies and to leave an impact, technofutures
demand from their recipients the willing suspension of disbelief (Coleridge, 1817).

This invites for a reflection on the concept of plausibility, which is not an objective
attribution but rather subject to social negotiation processes and individual imaginative
capacities. As Fischer and Dannenberg note, plausibility arises on the basis of coherence
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with previous concepts and thus coherence with the socially constructed perception of
reality. In the social constructivist sense, one's own perspective on reality also prefigures
the judgement of futures and limits the space of possibilities to those futures that align
with current concepts and are considered conceivable from the present (Fischer &
Dannenberg, 2021, p. 10). When referring to previous concepts or to be considered
conceivable from the present, clearly indicated fictional technofutures from SF play an
important role. To give an example: the brain-machine interface is part of several
technological vision, including Leitbilder as well as SF-novels, films and games. These
visions form a discourse on human enhancement (Coenen et al., 2010; Jebari, 2013) and
evoke different ideas of what the device could do or might cause; e.g. the interpersonal
communication without the use of language (Nicolelis, 2015; Dugan, 2017), the promise
of salvation and the fusion of human and machine as the next stage of human evolution
(Kurzweil, 2006), or a form of socio-economic division between people with and people
without access to the neurointerface which can be called neurocapitalism (Meckel, 2018).
Some technofutures also imagine the possibility to upload the mind to a computer and
promise to hold the key for life after death (Cave, 2020). These visions do occur in SF
but are also shared by researchers like and visioneers like Elon Musk (2020, 46 min) or
the neuroscience company Nectome, which announced to be able to scan the brain
structure of a living person to revive their mind on a computer (Regalado, 2018) — which
would inevitably lead to the death of the person. Although these claims have soon be
revoked by the company, the vision of mind-upload still exists a strong and disputable
Leitbild within the discourse on neurotechnology and is validated by some (Mehnert,
2023a). One of the reasons why companies can publicly announce their work on
presumable imaginative technology is that these technologies are conceived as plausible,
as they are coherent with previous concepts and are conceivable from the present — at
least in SF. Besides the technological discourse, mind-upload and brain-computer
interfaces are an established trope in SF since the cyberpunk movement in the 80s
(Mehnert, 2022). The different stories, films and video games that surround this
technology normalize the technology and create a familiarity with something otherwise
strange. Or as SF-researcher Sherryl Vint (2020) puts it:

Ideas such as mind-uploading and other human augmentation have similarly
become normalized by a milieu in which things such as self-driving cars or smart
Al assistants that respond to voice commands have created a perception that
futures envisioned by yesterday’s sf seem destined to become our futures. (p. 173)

What this example shows is that SF-visions on neurotechnology refigure corporate
technofutures and not only shape the meaning of the technology, i.e., their functions and
their potential impact, but posit the technofuture as a valid and plausible pathway of
development. On the one hand, we can say that the corporate technofutures on mind-
upload are prefigured by the human need for immortality, as “heaven is a really powerful
computer” (Seung, 2012, p. 254). On the other hand, SF mind-upload visions refigure the
way we think about neurotechnologies today. They normalize a mechanistic image of
man, as well as ideas of what would be desirable — or supposedly necessary —
improvements. This is also accompanied by a refiguration of the concept of ‘'mind’, which
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was previously defined by philosophy or religion, and is now defined as that which is
measurable; everything that can be measured by technical devices becomes the mind
while everything that cannot be measured because science considers it irrelevant or
because the devices cannot capture it technically, is ignored and is therefore no longer
part of the refiguration of the concept of mind. Technofutures thus refigure our idea of
what is possible, refigure existing concepts (like mind but also intelligence in the context
of A.1.) and construct expectations of the future.

FRAMEWORK TO ASSESS TECHNOFUTURES

As became apparent from the above examples, hermeneutic TA has different focal
points. Defining a clear method that fits to all would necessarily reduce the complexity
of the topic to an unintended degree. Rather than a strict set of rules, hermeneutic TA
suggest an approach to technofutures to reflect on their role in the present. For this
purpose, different methods, depending on the research question and the formats being
analysed, become useful.

One promising structure for an assessment process builds up on the narrative
hermeneutics of Ricoeur’s mimetic circle (Ricoeur 1984, p. 71; see Gransche 2015, p.
241). Ricoeur brings into focus the intertwining of the sociocultural fabric and narrative
from three different perspectives. He writes:

Hermeneutics (...) is concerned with reconstructing the entire arc of operations
by which practical experience provides itself with works, authors, and readers.
(...) What is at stake, therefore, is the concrete process by which the textual
configuration mediates between the prefiguration of the practical field and its
refiguration through the reception of the work. (Ricoeur 1984, p. 53)

This creates a holistic view that analyses technofutures by focussing on the three
perspectives described above: (1) prefiguration, (2) configuration and (3) refiguration.
These three perspectives create a circle (or rather a spiral with different altitudes), as the
refiguration informs the prefiguration and one vision can become the basis for another.
With a cultural studies approach to narrative analyses, Erll (2010) summarizes Ricoeur's
circle as follows:

A narrative text is (1) prefigured by its cultural context with its specific symbolic
order. It (2) configures (...) extra-literary elements (...) into an exemplary
temporal and causal order. In the act of reading, finally, the narrative composition
is actualised. It becomes part of the symbolic order of a cultural formation, which
is thereby (3) refigured and here the circle closes. (p. 93).
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Figure 1. The Futures Circle VF ramework to hermeneutic TA based on Ricoeur’s
(1984) narrative hermeneutic

With regards to hermeneutic TA and the aforementioned characteristics of
technofutures, Ricoeur’s narrative hermeneutic allows us to assess the societal meaning
of technologies, attributed within technofutures, by analysing the three perspectives in
the following way:

1) Prefiguration

The first perspective looks at the content of technofutures, how they are entangled
in cultural presumptions and informed by socially shared imaginaries. This perspective
also reflects on the expressed desires, hopes, fears and needs that are inscribed into the
respective visions. It understands technofutures as ciphers and identifies the larger themes
addressed as well normative statements made.

(2) Configuration

As technofutures come in different forms, e.g., scenarios, simulations, diagrams,
trend-extrapolations, plans or pop-cultural artefacts, this perspective looks at the way they
are constructed. This perspective reflects on the form (e.g., the role of the medium, the
performance, the context in which it is embedded), the rhetoric (e.g., the language,
narratives and verbal or visual metaphors used), as well as illustrative material (e.g. tables,
pictures, movies or other pieces of art).

3) Refiguration

Lastly, the third perspective focusses on the impact of technofutures and the way
they change current discourses or change already established concepts. Although
technofutures are always an expression of current states and processes, they have an
impact on the present and shape these states and processes. This perspective includes,
among others, the way that stakeholders position themselves towards the future but also
how the technofuture impacts other discourses and is spread through society.
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CONCLUSION

Technofutures are socially constructed narratives about the impact of a potential
technology at a moment later than now. They are created at a time, when there is no sound
information available on the claims made, thus rendering them as fictional or speculative
expressions of how the world might change due to the impact of this technology.
Although they are speculative in nature, they have an impact on the development of
technologies as they forge alliances, give arguments for or against the technology, create
hypes through which funding is stimulated, and many more. As technofutures are an
important communicative element in the context of technological development, it
becomes necessary for a conclusive Technology Assessment, to not only theoretically
understand impact and role of technofutures on the development process, but also to have
the empirical methods and structured approaches to analyse technofutures, their cultural
context, their process of creation as well as their spreading through society.

This article offered a framework to structure a hermeneutical Technology
Assessment process. It follows the heuristic of Paul Ricoeur's narrative hermeneutics and
separates the analyses into three perspectives: (1) Prefiguration, looking at the cultural
imaginaries inscribed into the Technofuture, (2) configuration, looking at the process of
constructing the mediated technofuture, and (3) refiguration, looking at the socio-
technical impact of the technofuture. This structure allows us to organise the process of
hermeneutic TA and to deliberately consider the three different perspectives for a holistic
analysis.
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no simple logic that allows the player to predict the consequences of a particular choice. The main goal of
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AHHOTANUA

H3HayanbpHO BUIEOUTPHI, B KOTOPBIX TOAYEPKUBAIACH MOPAJb, IHOO UMEIU MPOCTYIO CUCTEMY HU3MEPEHHS
YpOBHS 100pa U 371a ¢ OTHO3HAYHOH TPAaKTOBKOM, IIPEAOCTaBICHHON pa3paboTYnKaMu, JINO0 Mopaib OblIa
BCTPOEHA B CIOXKET WIPHI, IJIe MOPAIBGHO “TIPaBUJIBHBIH’ WM ‘‘HENpPaBHIbHBIA’ BBHIOOpP NPHBOIUT K
cooTBeTcTBYIONIEeMY (uHanmy. OmHAKO HEKOTOphbIe 0OJiee MO3IHHME WIPHI MPEACTABIAIOT c000# Oosee
CJIOKHYIO W HEOTHO3HAYHYIO CHCTEMY MOPAJIBbHOTO BbIOOpa. B maHHOM cTaThe mpoBoanTes GUIOCOPCKIHA
aHaIIN3 MOPaJIFHOTO BEIOOpA B urpe “Benpmak 3: ukas Oxota” Ha ocHOBe nccinenoBarus 100 BapuaHTOB
pa3BuTHsl croketa. [IpUHATHIN METOJ| 3aKiII04YaeTcsi B aHaJIM3e COJep)KaHHs BbIOOpa, MPEICTABICHHOTO
UTPOKY B XOJ/I€¢ OCHOBHOTO CIOXKETa U MOOOYHBIX KBECTOB. 3aT€M B CTaThe OyJeT NMpepHHSATa HOMBITKA
BBIJICTIUTH TTOBTOPSIOIINECS 3JIEMEHTHI U pa3HOOOpa3ue pemeHnii, BO3MOXKHBIX B HTPOBOM MHpe. AHan3
ToKas3al, uTo 25% KBECTOB MpeAsIaraloT BEIOOP MEXK Ay CIIaCEHHEM U pa3pylIeHHeM, Ipu 3ToM 15% KkBecToB
OKa3bIBAIOT CUJIBHOE BIIMSHUE HA OCHOBHOH ClOXeT Urpbl. CeMeiHbIe OTHOIIEHHS NMEI0T 3HaueHue B 32 %
3aIpoCOB, BN Ha MpHHSTHE pemennii. 40% KBECTOB MPEAToararoT STHIECKHH BBIOOP MEXTy JTHIHBIM
O6marom m Onarom apyrux. He cymecTByeT mpocTod JIOTMKH, IO3BOJIIOIIEH WIPOKY HpencKasaTh
MOCJIE/ICTBUSL TOTO WM WHOrO BbIOOpa. OCHOBHAsi MLieNib JAHHOTO MWCCIENOBaHHS — IOJUEPKHYTh
pa3HOOOpa3ye STHIECKNX KOHIEMINH, OTPaXKEHHBIX B UTPOBBIX CIEHAPUSIX, YTO OOJIeTHaeT 00CyKaeHHe
MOPAJIBHBIX BOIIPOCOB M 3THUECKHX JHIEMM KaK B BUPTYaJIbHOM, TaK U B PEILHOM MHUpE.

Karouessble ciioBa: @unocopus; MopanbHblil BeIOOp; Benpmak 3: [lukas Oxora; DTHka
B BUJICOUTPAX.
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INTRODUCTION

Video games, which were previously seen purely as entertainment, are now being
created to be increasingly complex and deep, giving the players the opportunity to make
moral decisions that affect the future plot of the game. This allows game developers to
create worlds where players can make decisions that affect the characters and
environment. Such games are called role-playing games, or RPG.

Role-playing games, as the name suggests, are built around the player taking on a
role in the game world that allows for meaningful interaction and choices within the game
world. These games leave the limits of what a character could do entirely in the hands of
the player, provided that the actions taken are allowed in the game.

Game developers often use morality and ethics to control the situation and set limits.
However, they are rather complex philosophical concepts. Generally, morality refers to
“universal truths, societal rules or principles” or general guidelines on how to live and
behave (Schrier, 2017). Wines (2008) defines morality as a code or set of principles that
activate an individual's behavior, decisions, or actions. Tierney (1994) explains that ethics
is “an individual's reaction to public morality in terms of reflexive involvement,
evaluation and choice” (p. ix). Ethics may be considered as “the science that deals with
the question of right and wrong in human behavior” (Meng et al., p. 134). Morality
touches all areas of human life, and as such, all of them are potential fields for the study
of morality and knowledge in games.

To examine the application of the above terms, we have taken as a case-study The
Witcher 3: Wild Hunt, developed by CD Projekt Red studio. It is a popular fantasy role-
playing game from 2015, in which the characters and setting are directly taken from the
work of Polish writer Andrzej Sapkowski. In every Witcher game, the player takes control
of an already formed character. This comes with certain limitations in terms of what
actions are available to the player. The limits of what Geralt of Rivia, the game's
protagonist, is willing to do are determined by his established sense of morality. Geralt is
a witcher, a mutated monster slayer trained from childhood, traveling the world Killing
monsters in exchange for payment. He is unwilling to be unnecessarily cruel to innocents
or betray those close to him, but he can be quite self-serving — or willing to allow injustice
to happen so as not to get involved in conflict. Thus, the player is often given the
decision — explicitly or implicitly — to simply stay out of it, even in situations where
leaving would surely cost someone's life. While this is possible, the player can also take
a more active role in events and intervene. This creates a sense of cooperation between
Geralt and the player in terms of moral decision-making, as Geralt sets boundaries and
the player moves within them. The narrative is told on behalf of Geralt, who is trying to
find his adopted daughter Ciri and to unravel the mystery of the Wild Hunt. The game
features a deep and morally complex story in which players will have to make difficult
choices and face consequences that affect the world and its characters. The Witcher 3
boasts a rich cast of memorable characters, each with their own unique story and
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motivation. This role-playing game is not only known for its visuals and engaging story,
but also provides players with many difficult moral choices that force players to ponder
philosophical questions of ethics and justice. It thus reflects Shafer‘s (2012) finding of a
strong relationship between morally activated reasoning of players and moral choice.

In the following, we will take a brief look at the general theoretical underpinnings
of moral choices in video games, and give examples from different games, before coming
back to The Witcher.

MORAL CHOICES IN ROLE-PLAYING GAMES

We should begin with what a moral choice is. Such a choice is the act of overcoming
internal conflict. If there is no conflict, it is not a moral choice, but a decision. Choice
always requires that there be at least two options to choose from. It is important to realize
that choices are different from actions, reactions, and calculations. For example, breathing
and blinking are actions, not choices or reactions. Quickly jerking our hand away when
we touch something hot or catch a falling phone would be a reaction, while a calculation
is a decision made based on reason and logic.

Videogames can create a large number of variants of story progression, depending
on players' choices, and sometimes these choices can have more than just consequences
in the storyline. Virtual worlds of computer games differ significantly from the real world.
Even physical laws and social norms can be violated there (Bylieva, 2023). Ethically
unacceptable actions such as murder, theft, etc. are frequently among game strategies. At
the same time, in some cases, the logic of the game takes into account the moral choice
of the heroes.

Moral choices that are made in a game activate the same areas of the brain as in
everyday life. Vaal and a number of other evolutionary ethicists have argued that morality
is an innate property of humans. Evidently, video games cannot negatively affect these
facts. Thus, the design of moral dilemma situations and choices in video games is
predicted to improve. This means that games will be able to build on existing moral
qualities, and possibly improve them. At the moment we have only a few such video
games, but this is one future format of computer games (Piskunova & Krutko, 2017).

Moral models in video games tend to be rather shallow. The most common method
is a simple axiom by which “good” actions promote and “evil” actions diminish the
player's moral rating. This game mechanism first appeared in Ultima IV (publisher: Origin
Systems, 1985) which “attempts to make the player feel personally invested or
responsible for the decisions they make” (Zagal, 2009, p. 4). It was widely adopted, e.g.,
in Star Wars: Knights of the Old Republic (Bioware, 2003), Fallout 3 (Bethesda, 2007),
the inFamous series (Sucker Punch, 2009-2014), Fallout: New Vegas (Obsidian, 2010),
and the Mass Effect series (BioWare, 2007-2012)). It is a simple binary model, but
nonetheless problematic. Such a reduced approach (called ‘morality meters’) does not
allow for the creation of a realistic scenario and system since in reality there is no single
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“correct” moral system that can be used to make decisions. Thus, players may have
different assessments of the morality of actions, and in general consider the linear
calculation untenable, as Melenson (2011) remarks, objecting to an ‘omniscient axis [and]
transparent proxy for developer opinions’ (p. 67). Another question arises regarding the
comparability of the morality of different actions on the same scale, for example in
Fallout 3 one can “compensate for mass murder by heaping water bottles on beggars”
(Formosa et al., 2016, p. 220). Sicart (2013) remarks that such “ethical cognitive friction
introduces tension between procedural and semiotic levels and potentially generates
moral reflection” (p. 94). Researchers think that the consequences of such an unbalanced
moral system include the moral disengagement of the players when they feel limited by
the choices available to them or when they see no consequences of their in-game choices
(Formosa et al. 2022; Iten et al., 2018).

The narrative level of the game presupposes the immediate consequences of
choosing a certain action or course of action, and the systemic level involves earning
points at a certain interface. The second option is evaluative, with the role of the game
designer as a “divine judge.” The first narrative option is deterministic, has cause-and-
effect relationships and leads to certain consequences. And yet, seemingly non-
deterministic narrative-based decision trees in games are often articulated according to a
binary good/evil moral system (Sicart, 2010). In later games, the line between “evil” and
“good” choices started to be presented as more and more blurred, confronting players
with much more complex ethical problems for which there is no unambiguous “positive”
answer. The resulting ambiguity in assessing a player's choice is compensated in a number
of games by the ability to see the statistics of the choices of other players (creating
something like a statistical ethical system). Thus, games provide good material for
research. Much data-driven empirical research is based on surveys of some players’
opinions and the gaming choices they made (e.g., Formosa et al., 2022; Hartmann &
Vorderer, 2010; Holl et al., 2020; Klimmt et al., 2006; Weaver & Lewis, 2012).

It is often quite difficult to integrate in a natural manner the moral system and the
plot of a game, however, there are a variety of original concepts. Moral choices can
influence the appearance of an avatar. Thus, in the game Black & White (Lionhead
Studios, 2001), the skin of an animal incarnation will lighten if it helps local residents.
The character's appearance changes most radically depending on the events of life in the
Fable series (Lionhead Studios, 2004-2010). In this game, “karma” became more than
just a number in stats or a modifier in dialogue. One can see it with one’s own eyes once
the heroes receive a halo and begin to emit light, and the villains grow small horns. The
choice can also affect the ending of the game. For example, decisions made to Kkill or not
kill monsters affect the conclusion of the game Undertale (Toby Fox, 2015) in an
unexpected way - considering that usually in games the killing of monsters is definitely
morally positive. In contrast, in the role of an ordinary customs officer players face
increasingly complex moral choices, and there is no reward or punishment for them in
Papers, Please (Lucas Pope, 2013). All 20 existing endings happen as the consequences
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of too dangerous actions (failed to defuse a bomb — died, touched poison — died, did not
break the rules on the orders of the boss — imprisoned, took a bribe — imprisoned, helped
the opposition — died or imprisoned, etc.). Formosa et al. (2016) employ the Four
component model of moral expertise (moral motivation, moral sensitivity, moral
judgment, and moral action) for analyzing Papers, Please.

In the world of video games there is a unique opportunity to explore philosophical
aspects of human nature and morality, and one of the most obvious and interesting
illustrations of this phenomenon is the game we will consider in depth, The Witcher 3:
Wild Hunt. Of particular interest in the organization of the game is the moral system: both
because it is executed very thoroughly (the creators paid a lot of attention to it), and
because the choices in the game are very numerous, do not fit into a simple system, and
require special research.

MORAL MECHANICS IN THE WITCHER 3

A key feature of the moral mechanics in The Witcher 3: Wild Hunt is a significant
emphasis on the consequences of a hero's choices. These consequences extend to ordinary
NPCs (minor characters), to the main characters, and to the configuration of the entire
world of the game. Accordingly, choices can have an impact within the story of a single,
self-contained quest, but also on other quests, and on the outcome (epilogue) of the
game’s main plotline. Already in the first two entries in the series (2007 and 2011), three
features (rarely seen in other games) of this type clearly stood out. First, the player can
be presented with a decision-making scenario in a situation of incomplete knowledge.
Secondly, the outcome of a choice is not obvious or immediate — even going as far as an
actual deception or the subversion of expectations in a number of cases. And, thirdly, the
game features acute dilemmas, including those affecting gameplay possibilities (within
the game world, these are often “life and death” choices, not to mention the fact that their
themes deal with violence, abuse of power, various forms of discrimination, etc.). In
addition, following one of the main lines of Sapkowski's saga, the authors of the game
invariably show both the protagonist's desire to avoid choosing sides and Geralt's inability
to remain on the sidelines due to decency and honor, due to friendship and love bonds.

Time after time, the creators emphasize the absence of models of fixed justice, thus
depriving the player and his hero of claims to the image of a knight in shining armor.
Grey morality or the need to choose between two evils —this is the paradigm of the game's
challenges that appeal to morality. In general, The Witcher 3 is perhaps the best example
of how moral issues in the game are built not on the usual models (such as “blind
following,” “fixed justice,” and “accumulation of deeds”), but on a complex combination
of the player's freedom of decision and the need to play a role. The witcher cannot become
anyone, so the gamer is forced to play out (albeit in his own way) a given role in two
senses: both by virtue of the boundaries already set by Geralt's character, and by virtue of
plot constraints (unlike most modern RPGs, there are here no 2 or 3 ways to complete the

158
soctech.spbstu.ru



Technology and Language Texnomnoruu B uadocdepe, 2024. 5(1). 153-168

same quest). All this allows us to refer the moral gameplay of The Witcher 3 to a model
with an emergent moral system.

In The Witcher 3: Wild Hunt players are given the unique opportunity to face a
variety of moral dilemmas that bring a deep element of philosophical analysis to
gameplay. A few specific examples of such moral choices should be considered.

The quest “Saving Souls” is a great example of the moral choices that characterize
the game series. In this quest, Geralt finds a group of witches who have placed a curse on
themselves. This curse can be broken, but it requires sacrifice. Geralt must decide whether
to save these souls, by sacrificing something important, or to seek something to gain by
betraying them. Choosing to save souls involves prioritizing ethics and compassion over
personal gain. Geralt shows mercy by helping the witches rid themselves of the curse,
even if it doesn't directly benefit him. Indeed, betraying the witches may give Geralt some
benefit, such as financial reward or the chance to avoid certain risks. However, this
decision calls into question his morals and integrity. The game may offer options that
allow you to balance between these two extremes. For example, Geralt can try to find a
way to minimize his losses without completely betraying the witches, or he can try to
negotiate a compromise.

The “Bloody Baron and family drama” quest presents another one of the most
memorable and morally challenging dilemmas in the game. It revolves around Philip
Stranger, known as the Bloody Baron, and his family problems. In this quest, Geralt first
learns the history of the Baron and his family, which includes the disappearance of the
Baron's wife and daughter. As Geralt investigates, he learns about the family's tragic
secrets, including the Baron's alcoholism, his penchant for domestic violence, and the
effects of his actions on the family. So, the moral scenario for Geralt to operate in now
includes:

1. The fate of the Baron's family. Geralt must decide whether to help the Bloody
Baron reunite with his family. This choice presents Geralt with a dilemma: on the one
hand, the desire to help the man reform and restore his family, on the other hand, the
realization that the Baron was a rapist, and his family may no longer wish to associate
with him.

2. Attitudes toward the Baron. How to treat the Baron-— with sympathy,
understanding his complex personal history, or with contempt, condemning his past
actions? This decision affects not only the Baron's fate, but also Geralt's own moral image.
The game offers different options for the development of events depending on Geralt's
choices. He can actively help the Baron in his search for his family, be more passive or
even hostile. Each choice has its own consequences and reflects Geralt's moral principles.

There may be moments in the quest when Geralt discusses with the Baron or other
characters the moral aspects of the situation. For example, Geralt may give his opinion
on the Baron's past, his actions, and the possibility of redemption.

As the story progresses, the player will also have to make decisions about the fate
of the witch Keira Metz, decisions that can have profound moral implications. These
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examples illustrate how The Witcher 3 provides players with many complex moral
dilemmas that actively influence gameplay and force players to consider philosophical
questions of ethics, justice, and the consequences of their actions in the game's virtual
world. It is now time to turn to the consideration of some specific storytelling and
gameplay elements that characterize the game's moral choices.

1. Dialog choices. In an analysis of the quests in the game, it was found that in
approximately 35% of cases the player's dialog choices affect the plot of the game. This
indicates a significant influence of the player's decisions on the development of the final
events.

Here is an example of dialogs from the quest “Bloody Baron and family drama™:

- Geralt: “You can try to improve, but it won't change the past.”

- Baron: “I know. But I want to save my family, I want my daughter to know I'm
not just a monster.”

Geralt's selection:

a. To help the Baron find his family.

b. Refuse help, believing that his past actions do not deserve forgiveness.

2. Impact on the world. The analysis shows that about 24% of the quests have no
direct impact on the world of the game, which emphasizes the diversity of game scenarios
and the player's ability to choose less meaningful quests.

3. Family relationships. The analysis notes that family relationships are an
important element in about 32% of the quests. This demonstrates the depth of the plot and
relationships between characters. Family relationships are a factor that may have a
destructive effect on any moral system, making the result of choices uncertain.

We can see that, f. e., in the quest “In Ciri's Footsteps,” where we have an internal
monologue of Geralt:

- Geralt (thinking): “Ciri as a daughter... We need to find her before the Wild Hunt
does.”

This dialog emphasizes Geralt's emotional connection to Ciri, influencing his
decisions and motivation in the game.

4. Impact on other quests. About 32% of quests have an impact on other quests,
emphasizing the complexity and interconnectedness of the storylines in the game.

Quest: Blood Ties.

Example Dialogue:

- Geralt: “Your actions in Novigrad could lead to war.”

- Werner: “It's a big game, Geralt. Some sacrifices are inevitable.”

This choice can influence subsequent political events and story quests in the game.

5. Political decisions. The analysis showed that political decisions mattered in 26%
of the quests, indicating the complexity of the moral and political dilemmas faced by the
player.

Quest: “Imperial Audience.” Example Dialogue:

- Anna-Henrietta: “You must choose sides in this war, Geralt.”
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- Geralt: “Witchers try to remain neutral. But sometimes the choice is unavoidable.”

This dialog underscores the complexity of the political decisions Geralt faces.

In The Witcher 3 each quest is a unique journey into a world of moral dilemmas and
emotional decisions. For example, in the quest “Twisted Firestarter,” where about 60%
of players choose to help an arsonist, we see the emotional toll and moral choices that
affect the characters' fate and relationships. This is one of many quests where players
have to choose between good and evil, sometimes without a clear understanding of the
consequences of their decisions. Let's break this quest down in more detail. In this
fictional quest, Geralt arrives in a small town where the locals accuse a certain alchemist
of using forbidden magic, leading to a series of fires. The alchemist, in turn, claims that
his research can help fight the local drought, and that the fires are the work of someone
else.

Moral Choice:

a. Justify the alchemist. Geralt may decide that the alchemist is innocent, and his
research can be of benefit. This choice involves defending science and progress, even if
society doesn't understand them.

b. Condemn the alchemist. Geralt may believe that the alchemist's experiments are
too dangerous and should be stopped, even if he is innocent of arson. This choice reflects
the side of caution and protecting society from potential threats.

Depending on Geralt's decision, the quest can develop differently. If he protects the
alchemist, he must find the real arsonist, which may lead to unexpected discoveries. If
Geralt decides to stop the alchemist, this could lead to the loss of potentially important
scientific knowledge.

Example Dialogue:

- Alchemist: “My research can help everyone! These fires are not my fault!”

- Geralt: “Even if you're not guilty of arson, your experiments could be dangerous.
Or are you sure you can control the forces you experiment with?”

In the “Missing Person” quest, where the player decides the fate of a missing person,
about 40% face a difficult ethical choice between personal good and the good of others.

Geralt meets a man named Duncan, who asks him to find his brother, Bram, who
disappeared during the Griffin raid on the village. Bram was taken prisoner during the
attack and was last seen in the forest surrounded by wolves.

Geralt follows the tracks that lead him to the place where Bram is hiding from the
wolves. He must either kill the wolves to save Bram or use his skills to distract them and
save the man without spilling blood.

Moral Choice:

a. Saving Bram. Geralt must decide how to save Bram. He can choose a more
aggressive approach, killing the wolves, or a more peaceful approach, trying to save Bram
without violence. This choice reflects Geralt's attitude toward violence and its effect on
the world.
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b. Further Decision. After rescuing Bram, Geralt is faced with another choice. Bram
wishes to return to the village, but fears he will not be welcomed there because might be
accused of cowardice and leaving his fellow villagers in distress. Geralt can advise Bram
to return and try to rebuild his reputation or stay in the refuge to avoid potential problems.

Example Dialogue:

- Bram: “I'm afraid to go back. They'll say I'm a coward and left them to their fate.”

- Geralt:

(If advised to return): “You saved your life, and now you can help others. Go back
and prove that you are not a coward.”

(If advised to stay): “The world is harsh. Sometimes it's better to stay in the shadows
than face injustice.”

At the same time, many quests, such as “On Death's Bed,” have a significant
emotional impact, touching on themes of loyalty and betrayal. In this quest, about 70%
of players are faced with a decision that can dramatically alter relationships with key
characters and affect the course of the main plot. Moral dilemmas, affecting about 50%
of quests, often involve choices between lesser and greater evil, good and evil, and
between Geralt's personal interests and the good of other characters. These difficult moral
decisions heighten the emotional impact of the game and make each player choice
memorable. The quest “On Death's Bed” is one of the quests available in the White
Garden, the game's starting location. This quest involves a moral choice that presents the
player with a dilemma between personal gain and an act of mercy. The protagonist meets
awoman named Lena who is seriously injured by a poisoned monster. The only medicine
that can save her is the Potion of the Winding Meadow, a rare herb that is not easy to find.
Geralt must find this herb, which requires exploring the surrounding area. He can use his
skills as a pathfinder to find and gather the rare herb.

Moral Choice:

a. Save Lena. Geralt can choose to use the potion he found to save Lena. This
demonstrates compassion and mercy as he forgoes personal gain to save another's life.

b. Sell or Keep the Potion. Geralt may instead decide to sell the potion or keep it
for himself. This decision is based on practicality and personal gain, but it calls into
question his moral principles.

- Tamia, the local herbalist: “Only the Potion of the Winding Meadow can save her.
But it's a rare herb, Geralt.”

- Geralt:(If decides to help): “T'll find the potion. Every life is precious.”

- (If decides to sell/save): “The potion could be of use to me. There is no mercy in
these lands.”

These examples emphasize how The Witcher 3 challenges players to make difficult
moral choices that affect their perception of the game world and the development of the
story. Each decision made in these quests not only shapes the experience of the game, but
also evokes deep emotional reactions, making each player's choice memorable.

Let's break down the key quests that affect the player's moral choices.
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“Missing in Action”: In this quest, the player is faced with a moral choice that can
seriously affect the course of the story. About 40% of the players are faced with a difficult
ethical dilemma, choosing between their own interests and the good of society. For
example, a player will have to decide whether to help save the life of a missing person,
risking their own safety, or leave them to fend for themselves. This choice can lead to
different consequences in the game and demonstrates the complexity of moral dilemmas
in the game world.

: » 1.I'lLhelp you.
2.1 don't believe you.
3. Gotta think this over;
s i'he kids in the clearing are in danger?
V5. Fovund human corpses on the hillock. They were murdered.

e Crones - whaddaya know about them?

I can be a gale... A gallop unchained... | shall save ther?\ (

Figure 1. Moral choices in the Ladies of the Wood quest

“Return to Crookback Bog”: This quest revolves around helping the Bloody Baron
get his wife back from Kron. It is an optional quest, the outcome of which depends on the
choices made in the “Whispering Hill” quest. The Baron and Geralt encounter some
monsters and a beast in the swamp. The outcome varies depending on the decision to free
or kill the spirit of the forest, which affects the fate of Anna, the Baron’s wife, the Baron's
reaction and the direction of the game's plot. Salvation is the key element here, which is
typical of about 25% of quests. The quest has no impact on the world and is not tied to
political decisions, allowing the focus to be exclusively on the player's personal choices.

“Wild at Heart”: In this quest the players meet Niellen, a hunter from Blackbough,
who is looking for his missing wife Hanna. Geralt decides to help Niellen and begins to
investigate. During the investigation, Geralt discovers that Niellen is actually a werewolf,
and his wife disappeared after finding out about it. The player is faced with a moral
choice: hide the truth about his wife's fate from Niellen, or reveal everything to him,
leading to his transformation into a werewolf and a possible fight with him. This quest
illustrates a recurring theme of moral dilemmas in The Witcher 3, where the player's
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decisions often carry serious consequences and affect the game's plot. Salvation plays a
key role here, which is seen in 15% of the quests. The strong impact on the world and the
lack of importance of family relationships indicate the complexity of the moral decisions
faced by the player.

“A Towerful of Mice”: In the Mice Tower quest, Geralt is tasked with helping
Keira Metz break the curse on Fyke Isle and its tower. While investigating, Geralt
discovers the history of the tragedy that occurred on the island. A curse was placed on the
tower after a local lord killed his subjects, fearing they had contracted the plague. Among
those killed was his daughter Anabelle, who fell in love with a local alchemist. She
became a ghost, cursing the tower.

Geralt is faced with a moral choice: help Anabelle's spirit leave the tower by
carrying her bones to her lover, or leave her there. Depending on Geralt's decision, the
outcome of the quest will vary. If Geralt decides to help Anabelle, she is reunited with
her lover, but ends up killing him, after which the curse is lifted from the island. If Geralt
decides not to help her, the curse remains. Here the player is encouraged to save (20% of
quests), with dialog choices affecting the story. Family relationships are important, but
world impact is not applicable. This quest exemplifies moral dilemmas in the game, where
the player's choices can have significant consequences for the story and characters.

“Ghosts of the Past”: During this quest, Geralt meets Letho from the School of the
Serpent, a former witcher who played an important role in the previous game. This quest
is only available if the player chose to let Leto live in The Witcher 2 or indicated that he
was alive during a visit to the Nilfgaardian Palace. In this quest, Geralt helps Leto deal
with the dangers that threaten him. The player will have to make an important choice
regarding Letho's fate: help him or betray him. This quest exemplifies the theme of the
consequences of choices, where decisions made by the player affect the plot and
relationships with characters. This quest has a neutral impact on the world (15% of quests)
and no impact on other quests, which is unique to the 10% of quests.

“Blood Ties”: with a focus on salvation has an impact on other quests 10% of the
time, although family relationships and moral dilemmas are not key aspects. In this quest
Geralt helps a Nilfgaardian woman find her son who has gone missing in the war. He
investigates the clues using his witcher senses and discovers that the son tried to desert
and was killed. Geralt can tell the woman the truth about his son's death or lie. Regardless
of his choice, she thanks him and rewards him with a small reward. This quest emphasizes
the theme of moral dilemmas in the game involving war and family relationships.

“Last Wish”: This quest presents the choice of salvation which will affect the plot.
While having a strong impact on the world, it will not have an important impact on other
quests (occurs 15% of the time). Geralt helps Yennefer in her quest to find a genie in
order to break the magical bond between them. Yennefer wants to make sure that their
feelings for each other come from their own hearts and not because of a magical source.
Geralt and Yennefer travel to the island of Skellige, where they search for the genie. In
the course of the quest, Geralt is faced with a moral choice: support Yennefer in her quest
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to sort out their relationship or refuse to do so. The quest is important to the romantic
storyline between Geralt and Yennefer, as it determines whether or not their romantic
connection will continue. It is one of the key moments in the game, emphasizing the
importance of the choice and its impact on character and plot development.

“Pyres of Novigrad”: This one presents a choice of destruction that affects the plot
and has a strong impact on the world (found 15% of the time). “Pyres of Novigrad” is the
key quest in Novigrad, where Geralt is searching for Ciri. During the quest, Geralt is
confronted with the horrifying reality of the persecution of mages and other magical
beings by the Church of Eternal Fire and the Witch Hunters. Geralt seeks help from Triss
Merigold, who is also hiding from the Witch Hunters. During the quest, Geralt helps Triss
rescue some of the mages, which emphasizes the theme of choice and consequences in
the game, especially in regards to relationships with key characters and the political
aspects of The Witcher's world.

“A Matter of Life and Death”: It is a quest with a neutral impact, affecting other
quests and having a weak impact on the world (occurs 8% of the time). In this quest Geralt
assists Triss Merigold in rescuing mages from Novigrad who are being pursued by the
Witch Hunters. The quest begins in Novigrad and is important to the development of the
romantic storyline with Triss. Geralt must infiltrate the Masquerade Ball to help Triss
find and rescue Albert, a young mage who is being pursued by the Witch Hunters. The
quest provides the player with a number of moral choices, such as deciding whether to
assist Triss in the mage rescue, which may involve deception and confrontation with the
Witch Hunters. Also, depending on the player's actions and interactions with Triss, the
quest may affect Geralt's romantic relationship. This quest exemplifies the themes of
choice and consequence that characterize The Witcher 3, where the player's decisions
affect the fate of the characters and the course of the story.

“A Deadly Plot”: This presents a salvation choice that does not affect the plot or
family relationships, having little impact on the world (occurs 7% of the time). In this
quest Geralt conspires with Dijkstra and VVernon Roche to assassinate King Radovid. The
quest begins after completing the quests “Count Reuven's Treasure” and “Now or Never.”
During the quest, Geralt meets with the conspirators to discuss the plan and then follows
the trail to find a missing spy, who turns out to be Thaler. The quest has a significant
impact on the game's ending and allows the player to decide on their involvement in the
political events of the game. After completing the “A Deadly Plot” quest, the next
significant quest is “Reason of State.” In this quest, Dijkstra offers Geralt to participate
in an assassination attempt on King Radovid. An important point in this quest is Dijkstra's
suggestion to kill Vernon Roche and his allies in order to seize power in the Northern
Kingdoms himself. The player will have to make a difficult moral choice: support Dijkstra
and betray Roche, or protect Roche, which will result in Dijkstra's death. This choice
affects the political balance of power in the Northern Kingdoms and the outcome of the
game. This moment emphasizes a recurring theme of The Witcher 3, where the player's
decisions have long-term consequences for the game's world and its characters.
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Thus, we can conclude that there are many moral choices in the game, from those
that are fairly easily resolved to those that cause serious internal conflict. In some cases a
player has to choose between a lesser and a greater evil. Popular conflicts are between
self-interest and helping others, as well as between duty and family/friendship ties. At the
same time, there is no simple logic that allows the player to predict the consequences of
a particular choice. So, the consequences of some actions are insignificant, others affect
the plot, and others affect the entire game world.

CONCLUSION

In the context of an article exploring the philosophical aspects of moral choices in
a game, it is important to note how these choices reflect basic ethical concepts. For
example, various quests may provide the player with opportunities to balance the
consequences of their actions with principles such as justice, compassion, or selfishness.
In addition, the importance of family relationships and their influence on the player's
decisions emphasize the importance of ethical dimensions in moral choices.

The analysis of quests in the game reveals the variety of ethical dilemmas that the
player faces, emphasizing the importance of aspects such as the consequences of actions,
values that can be contrasted, and the influence of personal relationships on decisions. All
of this helps the player to explore and understand the ethical dimensions of their actions
and their impact on the virtual world of the game, and can provoke discussion of morality
and ethics in the real world.

These and other examples of moral choices in The Witcher 3: Wild Hunt illustrate
how games can become a platform for philosophical reflection. They force players to not
only make decisions, but also to weigh the consequences and reflect on important moral
principles, ethics, and justice. As a result, this game not only offers entertainment, but
also encourages players to think about complex philosophical questions, making it a
unique work in the world of video games.
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