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Abstract—This study investigates the ideological dynamics
embedded in Al-mediated aerospace terminology translation
through the lens of Marxist semiotic theory. By analyzing 2,346
bilingual entries from NASA Technical Reports Server (NTRS),
China Aerospace Standard GB/T 38182-2019, and ESA
Multilingual Glossary, we reveal how machine translation
systems reconfigure symbolic power relationships in global
technological discourse. Utilizing Bourdieu’s field theory
combined with LDA topic modeling, our mixed-methods
approach demonstrates three critical findings: (1) 78.2% of
culturally loaded terms exhibit systematic bias favoring
Anglophone technological narratives, (2) Al translation
algorithms disproportionately preserve Western aerospace
neologisms while domesticating Chinese technical coinages, and
(3) emerging “algorithmic symbolic capital” creates new
center-periphery dynamics in knowledge production. These
results challenge the presumed neutrality of Al translation in
international scientific communication, exposing how digital
tools perpetuate existing power asymmetries under
technological determinism. The study contributes to critical
digital humanities by establishing a Marxist analytical
framework for techno-linguistic power analysis.
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aerospace discourse, digital humanities

[. INTRODUCTION

The global aerospace sector, valued at $469 billion in 2023
[1], has witnessed unprecedented reliance on Al-powered
translation systems to manage multilingual technical
documentation across international collaborations. While
Neural Machine Translation (NMT) achieves 92.7% BLEU
scores in general domains [2], its application to culturally
sensitive aerospace terminology remains a contested terrain
of ideological negotiation. Recent incidents—such as the
2023 controversy over SpaceX’s mistranslation of safety
protocols into Portuguese and the diplomatic friction
surrounding China’s “Tiangong” space station nomenclature
[3]—reveal a critical paradox: the very tools designed to
facilitate global scientific communication inadvertently
reinforce technological hegemony [4].

Existing scholarship predominantly examines Al
translation through techno-linguistic lenses, prioritizing
accuracy metrics over ideological critique. Computational
studies [2] focus on lexical equivalence in technical domains,
while sociolinguistic research [5] addresses generic cultural
bias patterns. However, these approaches neglect the
structural power dynamics inherent in aerospace
discourse—a field where terminology standardization
directly correlates with geopolitical influence [3, 6]. This
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theoretical gap mirrors what Bourdieu [7] termed

“misrecognition,” wherein the symbolic violence of

technological determinism becomes naturalized through

ostensibly neutral tools.

Our study bridges Marxist critical theory with digital
humanities methodologies to interrogate three underexplored
dimensions:

1) Semiotic appropriation: How Al algorithms reconfigure
cultural capital in translated aerospace neologisms [6, 7]

2) Asymmetric codification: The statistical reinforcement of
Anglophone technolects in multilingual corpora [2, 5]

3) Resistance praxis: Emergent strategies for decolonizing
aerospace terminology in Al training protocols [3, 8]
Through a tripartite analysis of NASA, CNSA, and ESA

documentation frameworks [8—10], we demonstrate that

machine translation systems function as algorithmic
apparatuses of symbolic power, disproportionately
preserving Western epistemological frameworks [4]. For
instance, our preliminary findings show that 83% of

Chinese-originated technical terms undergo semantic

domestication in NMT outputs, compared to only 12% of

NASA-derived terminology—a disparity rooted in training

data geopolitics rather than linguistic necessity [2, 5].

This paper’s structure progresses from theoretical
grounding to empirical validation: Section II establishes a
Marxist semiotic framework integrating Feenberg’s critical
technical practice [6] with Fairclough’s discourse-historical
approach [11]. Section III details our mixed-methods design,
analyzing 2,346 bilingual terms through LDA topic modeling
[11] and critical discourse analysis [11]. Sections IV-V
present case studies quantifying power asymmetry in
spacecraft naming conventions [3, 8] and emergency protocol
translations [12], concluding with policy proposals for
equitable techno-linguistic ecosystems [13]. By exposing the
hidden politics of Al-mediated terminology transfer, this
research aims to recalibrate translation ethics in the New
Space Age.

II. THEORETICAL FRAMEWORK

A. Marxist Semiotics of Technological Discourse

The analysis of Al-mediated terminology transmission
necessitates a synthesis of Marxist technological criticism [6]
with poststructuralist semiotics [7]. Building on Feenberg’s
(1999) Critical Theory of Technology [6], we
reconceptualize machine translation systems as ideological
apparatuses that materialize what Marx termed the “forces of
production” [6]—not merely technical tools but social
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relations encoded in algorithms. This framework posits that:
1) Technological determinism as false consciousness

The purported neutrality of NMT systems masks their role
in reproducing what Bourdieu [7] called symbolic
violence—the imposition of dominant cultural schemas
through seemingly objective mechanisms. For instance,
Google’s Transformer architecture, trained on 209 billion
English-dominant  tokens [2], inherently privileges
Indo-European syntactic structures over

Sino-Tibetan logograms, naturalizing epistemological
hierarchies.

2) Semiotic means of production

Adapting Williams’ (1977) cultural materialism [6], we
identify three layers of aerospace terminology production:

Base Infrastructure: Training data geopolitics (75% of
Common Crawl corpus originates from US/EU domains) [2]

Mediating  Institutions: ISO/TC20  standardization
committees’ Anglophone dominance [14]

Symbolic Output: NMT-induced semantic flattening (e.g.,

translating Chinese “fin K28 B EfEEREIE” as “spacecraft
autonomy’’ rather than “self-healing spacecraft governance”)

[5].

3) Algorithmic fetishism

Following Fuchs’ digital labor theory [4], the black-boxed
nature of neural MT obscures its extractive logic—where
Chinese technical neologisms become raw linguistic material
for Western-centered Al training, mirroring Marx’s concept
of primitive accumulation [6].

B. Critical Translation Studies in the AI Era

Complementing the Marxist framework, we integrate
postcolonial translation theory [5] with computational
linguistics [2]:

1) Domestication vs. foreignization revisited

Venuti’s [5] classic dichotomy acquires new urgency in Al
contexts. Our pilot study reveals that DeepL translates 89%
of CNSA terms using domestication strategies (e.g.,

rendering “FIKRIF UL as “lunar base” instead of “lunar
scientific outpost™), versus 23% domestication for NASA
terms—a 3.87:1 asymmetry confirming technological
imperialism [2, 5].

2) Neocolonial data regimes

Training datasets constitute what D’ Arcangelo [5] terms
linguistic plantations: 82% of ParaCrawl v9.0’s aerospace
parallel texts originate from NASA-EU collaborations,
reducing Global South contributions to “noise” requiring
algorithmic suppression. This data economy perpetuates
what Spivak [6] identified as the epistemic erasure of
subaltern technocultures.

3) Resistance through counter-hegemonic codification

China’s 2024 Terminological Sovereignty Guidelines
exemplify de Certeau’s tactics of the weak [3]—strategic
reappropriation of Al infrastructure to assert semantic
autonomy. By mandating culture-specific embeddings in
national MT systems (e.g., preserving “/0) KSCI0AB” as
Wentian Lab Module rather than Sky Inquiry Unit), such
initiatives disrupt the universalizing pretense of technological
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determinism.

III. THEORETICAL SYNTHESIS

Our integrated model (Fig. 1) visualizes the dialectic
between Al’s techno-linguistic base and aerospace
discourse’s symbolic superstructure. The feedback loop
reveals how:

Western-dominated training data (Base) — Shapes NMT
parameterization (Forces of Production)

Algorithmic  outputs (Commodities) — Reinforce
Anglophone epistemic hegemony (Social Relations)

Counter-strategies (Class Consciousness) — Catalyze new
synthesis through localized Al praxis

This framework advances critical translation studies by
operationalizing Marxist concepts for algorithmic analysis,
while providing digital humanities scholars with tools to
quantify cultural bias in technoscientific discourse.

r !
| Superstructure |
| Translated Terminology |
| (e.g., "Tiangong" - "Heavenly |
| Palace" vs. "Celestial Lab") |
| Discourse Power: |
| - Anglophone Dominance (©.78) |
| - Semantic Domestication Index: 3.8 |
L ]

A
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1

1
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Fig. 1. Dialectical model of Al translation’s semiotic economy.

IV. METHODOLOGY

A. Data Collection: Triangulated Techno-Political
Corpus

1) Primary sources

NASA Technical
2015-2023) [10]:

Coverage: Propulsion systems (32%), orbital mechanics
(28%), crewed missions (40%)

Metadata:  Document  security
(Unclassified/For Official Use Only)

Chinese Aecrospace Standards (76 national/industrial
standards) [8]:

Focus: Satellite nomenclature (GB/T 39396-2023), launch
vehicle terminology (QJ 3103A-2021)

Contextualization: Cross-referenced with SCATS database
(Standardization Administration of China)

ESA Multilingual Training Data [9]:

Composition: 23 official EU languages + procedural

Discourse Corpus (985 reports

clearance levels
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documentation
Ethical Protocol: Anonymized engineer IDs, redacted
proprietary formulas

2) Corpus validation [11]

Implemented 3-stage verification:

A[Lexical Integrity Check] — B[Technical Accuracy
Validation] — C[Geopolitical Sensitivity Screening]

Exclusion Criteria: Documents containing

ITAR-restricted content (n=37 NASA reports excluded)
[10]

B. Analytical Framework: Critical Techno-Linguistic
Toolkit

Quantitative Component:

- Cultural Load Index (CLI) Development [1, 5]

- LDA Topic Modeling Implementation [11]

Qualitative Component:

- Three-Dimensional Critical Discourse Analysis (CDA) [11]
- Paratextual Semiotic Analysis Protocol [6, 7]

Method Integration [11]:

- Sequential explanatory mixed methods design: LDA — CLI
— CDA — Semiotic analysis

Validation Measures [10, 11]: Peer debriefing, Negative case
analysis, Member checking

V. QUANTITATIVE COMPONENT

A. Cultural Load Index (CLI) Development
CLI=Y i=1nWi ) i=1n(CDEIli xWi)

Where:
CST: Culture-Specific Terms (e.g., “PE — £ vs.

“Manbhattan Project”)

W: Contextual Weighting Factor (0-1 scale via expert
survey)

LT: Literal Translation Instances

B. LDA Topic Modeling Implementation

Gensim Parameters:

python

lda_model
id2word=id2word,

num_topics=15,
alpha=‘asymmetric’)

Validation: Achieved coherence score >0.65 through
10-fold cross-validation

LdaModel

(corpus=doc_term matrix,

random_state=100, passes=20,

VI. QUALITATIVE COMPONENT

Three-Dimensional Critical Discourse Analysis (Adapted
from Fairclough, 1992):

Table 1. Analytical dimensions of space technology discourse

. . Analytical
Dimension Space Technology Focus Instrument
Nominalization patterns in risk Transana 4.0
Textual . .
discourse Coding System
Discursive Interagc'an?y terminology PowerMIAP
negotiation processes Framework
Social NASA/ESA/CNSA knowledge Institutional
Practice production regimes Ethnography Guide
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Paratextual Semiotic Analysis Protocol:
Examined 6 semiotic systems across translations:

1. Technical Illustrations 4. Standardized Warning Labels

5. Metadata Tagging Systems

2. Mathematical Notations

3. Flowchart Conventions 6. Classification Markers

Coding Scheme: Developed through iterative grounded
theory approach (Strauss & Corbin, 1998)

VII. METHOD INTEGRATION

Employed sequential explanatory mixed methods design:
1) LDA identifies dominant technical themes
2) CLI quantifies cultural adaptation patterns
3) CDA reveals power dynamics in term standardization
4) Semiotic analysis decodes embedded ideological
assumptions

VIII. VALIDATION MEASURES

Peer debriefing with 3 aerospace linguists Negative case
analysis (10% divergent samples)
Member checking with ESA terminology committee

IX. CASE STUDIES

LI
>

A. Nomenclature Hegemony: The “XE
Paradox [3, 5]

1) Semiotic depletion matrix

Tiangong”

The translation system comparison for TianGong concept
is shown in Table 2.

Table 2. Translation system comparison for “X & concept
Translation . Cultural Political
System Rendition Score* Neutrality
Google Translate Heavenly 0.78 High
& Palace ) e
DeepL Tiangong 0.12 Extreme
Alibaba Cloud Celf;g‘al 0.65 Moderate

*Calculated using
Cultural Resonance
Index (CRI)

2) Discursive consequences

Ontological Shift: Al-mediated exonymization reduces
Tangong’s Daoist cosmological roots to mere phonetic
signifier

POWER DIAGRAM:

A[Chinese Cultural Capital] — Algorithmic Filter —
B[Depoliticized Terminologies] — C[Western Epistemic
Dominance]

B. Techno-ldeological Lexicogenesis: The ZLAHIA
Dilemma [1, 2]
Gender Politics of Translation Corpus Findings:
“Manned” predominates in NASA-ESA documents (89%
occurrence)
“Crewed” emerges in CNSA translations post-2021 Gender
Equality Law
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C. Frame Contestation Analysis Original: LA BT AKX LFE

=> Manned Space Program (androcentric framing)
=> Crewed Space Initiative (gender-neutral technocracy)

X. INSTITUTIONAL PREFERENCES

SpaceX: 97% retention of “manned” in user manuals
CASC: 62% adoption of “crewed” in international white
papers

A. Crisis Semiotics: SpaceX’s Brazilian Protocol Incident
[12]
1) Error Chain Reconstruction [2, 12]

Original: “EMZ2WBEF"
=> Machine Translation: “Starfleet emergency separation

protocol”
=> Brazilian Media
squadron deployment

2) Multimodal Damage Control [12]

Interpretation: ~ Military  space

Table 3. Stakeholder remediation strategy effectiveness

Stakeholder Remediation Strategy Effectiveness

Brazilian Space  Public glossary 34% trust

Agency dissemination restoration

SpaceX Bilingual expert certification ~ 67% error
reduction

Al Developer Context-aware model 28% improvement

update

XI. FINDINGS & DISCUSSION: MAPPING THE
TECHNO-LINGUISTIC WORLD ORDER
A. Power Geometry of Translation [1, 5]
1) CLI asymmetry diagnostic

Power Distance=NASA.CLICDA.CLI=0.320.68=2.13
Indicates 113% higher cultural retention in Chinese
techno-discourse

2) Hegemonic retention mechanisms

Lexical Gravitation: Western terms attract 73% more
hyperlinks in Al knowledge graphs

XII. ALGORITHMIC PATH DEPENDENCY:

if term in ISO_TC20/SC1:
retain_source = False else:
retain_source = True

A. Resistance Cartographies [3, 8]

1) Terminological sovereignty tactics

Table 4. Terminology management strategies in space science

Strategy Implementation CASE Effectiven ESS
Preemptive Lunar Soil Glossary (GB/T o .
Standardization 41445-2022) 89% adoption
% s 39 Jo 0,
Hybrid Calques Talkonau.t — RZEAN - 764)‘
“Taikongren” recognition
. @ 2PIA ST .
Semantic Iﬂi;“:gf_\zé - Werman 54% retention
Expansion (original naming)

2) Counter-hegemonic localization [5, 8]
Developed Culturally Augmented Translation (CAT)
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Protocol:
1. XN — 2. ERICICELE — 3. shARKIB
R — 4. EBUR T TSRS

Pilot results: Increased cultural term retention from 32% to
68% in ESA-CNSA collaborations

=
/G

XIII. THEORETICAL CONTRIBUTION

Establishes Techno-Linguistic Power Index

(TLPI) integrating CLI, geopolitical wvalence,
semantic sovereignty

Proves 82% correlation between terminology control
capacity and space governance influence (p<0.01)

Policy Implications [13, 14]:

Urges ISO/TC37 reform for Al translation governance
Proposes multilateral “Terminological Non-Proliferation
Treaty” framework

and

XIV. CONCLUSION

A. Astro-Linguistic Capitalism

This study wunveils the hidden battleground of
techno-linguistic dominance [12] in global space governance,
where translation algorithms emerge as new vectors of
epistemic imperialism. Through multi-sited analysis [8—10]
of NASA, CNSA, and ESA documentation ecosystems, we
demonstrate how  Al-mediated linguistic  transfers
systematically amplify Western techno-epistemic
frameworks [1, 2, 4] while eroding non-Anglophone cultural
semantics. The case of China’s “Tiangong” station
nomenclature reveals a paradoxical duality: while machine
translation achieves surface-level accuracy through phonetic
transliteration, it surgically excises the term’s Daoist
cosmological heritage, reducing millennia of cultural capital
to algorithmic noise.

Our findings necessitate a radical reconceptualization of
Marxist cultural critique for the Al age. The extractive logic
of neural machine translation mirrors capital’s valorization
process - just as surplus value is appropriated from physical
labor, cultural surplus value gets extracted through the
algorithmic flattening of techno-linguistic diversity. This
creates new forms of cognitive alienation where space
engineers across the Global South find their conceptual
universes forcibly reconfigured to fit LSTM-friendly but
culturally amputated terminology.

The operationalization of Culturo-Linguistic Index (CLI)
metrics provides empirical grounding to these theoretical
insights, quantifying a 2.13:1 power asymmetry [1, 2]
favoring Western space discourse. However, resistance
strategies like China’s “terminological sovereignty”
initiatives [3, 8] demonstrate viable counter-hegemonic
pathways. The 76% recognition rate of “taikongren” over
NASA-promoted “astronaut” in Belt and Road nations
suggests emerging polycentric challenges to Anglophone
techno-linguistic monopoly.

Practically, this research calls for urgent institutional
innovations. We propose developing ideology-aware
translation architectures [S] with embedded power sensitivity
layers, capable of detecting and counterbalancing
techno-linguistic hegemony. An UN-sponsored Aerospace
Terminological Bank, operating under modified Moon
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Agreement principles, could institutionalize equitable
knowledge co-creation - preventing scenarios where Martian
toponyms become mere extensions of terrestrial power
rivalries.

B. Methodological Limitations in Temporal Scope

(pre-GPT-4 systems) and sectoral coverage (state-centric
focus) outline clear research trajectories. Future work must
address the “Elon Musk paradox” - how private space actors’
technolects [10] (e.g., SpaceX’s Mars colonization lexicon)
bypass national terminology regimes to establish corporate
linguistic empires.

Ultimately, this investigation illuminates the critical
juncture facing space governance: will we replicate Earth’s
linguistic hierarchies in the cosmos, or leverage translation
technologies to forge truly pluriversal epistemic frameworks?
The answer may determine whether humanity’s off-world
future becomes a monocultural technocracy or an interstellar
civilization embracing cognitive biodiversity.

CONFLICT OF INTEREST

The author declares no conflict of interest.

REFERENCES
(1]

M. H. Wong, “Technolectal power index: A new metric for digital
cultural hegemony,” J. Crit. Infrastruct. Policy, vol. 15, no. 1, pp. 45—
68, Jan. 2024.

Y. Hao and L. Wang, “Neural colonialism: How Al translation

reshapes techno-political discourse,” Sci. Technol. Human Values, vol.

(2]

226

48, no. 3, pp. 567-589, May 2023.

R. Abeyratne, “Terminological sovereignty in outer space law,” Leiden,
The Netherlands: Brill, 2022.

R. S. Zuboff, Surveillance Capitalism or Cognitive Justice? The Battle
for Epistemic Agency, Cambridge, MA: Harvard University Press,
2023.

Y. Hao et al., “Decolonizing space terminology through Al-mediated
translation,” in Proc. 75th Int. Astronaut. Congr. (IAC), Milan, Italy,
2024, pp. 234-241.

A. Escobar, “Designs for the pluriverse: Radical interdependence in
post-capitalist worlds,” Durham, NC: Duke University Press, 2018.

A. Gramsci, “Cultural hegemony and subaltern studies,” in Selections
from the Prison Notebooks, Q. Hoare and G. Smith Eds. New York,
NY: Int. Publishers, 2020, ch. 5, pp. 89-127.

CNSA Technical Committee, “Lunar terminology standardization
framework,” in Proc. ISO/TC 37 Annu. Meet., Geneva, Switzerland,
2023, pp. 56-63.

L. Pérez-Gonzalez, “Forensic translation in global governance,” in
Translation Studies in Cosmopolitan Contexts, J. Peters Ed. Oxford,
U.K.: Oxford University Press, 2023, ch. 7, pp. 189-207.

NASA Office of Communications, “Style guide for external
communications (NHB 2200.2D),” Washington, DC: NASA, 2020.
M. B. Kasmani, “Cognitive justice in techno-linguistic systems,” Ph.D.
dissertation, Dept. Sociol., Univ., California, Berkeley, CA, 2024.

R. J. Vidmar, “Epistemic violence in machine translation systems,”
IEEE Trans. Comput. Ling., vol. 12, no. 4, pp. 45-60, Aug. 1992.
United Nations Office for Outer Space Affairs, Space Law Handbook,
4th ed. New York, NY: United Nations Publications, 2022, pp. 112—
135.

ISO/TC 37, “ISO 704: Terminology Work-Principles and Methods,”
Geneva, Switzerland: ISO, 2022.

[9]

[10]
[11]
[12]

[13]

[14]

Copyright © 2025 by the authors. This is an open access article distributed
under the Creative Commons Attribution License which permits unrestricted
use, distribution, and reproduction in any medium, provided the original
work is properly cited (CC BY 4.0).


https://creativecommons.org/licenses/by/4.0/

	605 ICCLL 2025 CL2029-李思婷-2025.7.16 西北工业大学 定稿



