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Introduction 
Research Background and Problem Statement 
As globalization accelerates, language barriers have emerged as 
a significant challenge in international communication. Recent 
years have witnessed substantial advancements in the accuracy 
and efficiency of machine translation (MT), largely attributable 
to breakthroughs in technologies such as deep learning [1, 2]. 
MT technology has been widely applied to promote cross-cul-
tural communication, particularly excelling in translating stan-
dardized content such as news and technical documents. 

However, despite the considerable progress made, MT still 
struggles with certain challenges, including the translation of 
complex linguistic structures and texts marked by significant 
cultural differences. Compared to human translation (HT), MT 
exhibits deficiencies in semantic comprehension, integration of 
cultural context, and linguistic creativity [3].

Therefore, a detailed investigation into the differences in cog-
nitive processes and translation performance between MT and 
HT is essential. Such an exploration not only provides valuable 
insights for the further development of MT technology but also 

opens new avenues for interdisciplinary research in fields such 
as cognitive science and linguistics.

Historical Development of Machine and Human Translation 
The concept of machine translation dates back to the 1940s, with 
early research focused on word-for-word translation between 
languages. Early systems, such as rule-based machine transla-
tion (RBMT), relied on rules designed by linguists to process 
syntactic and semantic information [4, 5]. However, these sys-
tems faced limitations when dealing with complex grammatical 
structures and polysemous words. The 1990s saw the emergence 
of statistical machine translation (SMT), which significantly 
improved translation quality by leveraging large-scale bilingual 
corpora and probabilistic computation [6].

In the 21st century, neural machine translation (NMT) has 
revolutionized the field, employing neural networks and deep 
learning techniques to better understand and generate natural 
language texts [7]. Unlike its predecessors, NMT excels in man-
aging long-range dependencies and contextual information, re-
sulting in more nuanced translations.
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With the rapid advancement of artificial intelligence (AI) and natural language processing (NLP) technologies, ma-
chine translation (MT) has made significant progress in terms of efficiency and accuracy. However, MT continues to 
face numerous challenges in understanding linguistic context, addressing cultural differences, and handling complex 
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In contrast, human translation (HT) boasts a history spanning 
several millennia, grounded in the intricate interplay between 
cognitive abilities and cultural contexts. Early handwritten 
translations, exemplified by the Septuagint and Buddhist scrip-
tures, prioritized faithful reproduction of linguistic forms but 
demonstrated limited comprehension of cultural and contextual 
nuances [8]. During the Renaissance, the translation of classical 
literary works reintroduced Europe to the intellectual legacy of 
ancient Greece and Rome, invigorating advancements in science 
and the arts [9]. At this stage, translation began to shift from 
mere literalism to a balanced approach that accounted for the 
source text's cultural and contextual subtleties.  

The proliferation of the printing press in the 15th century cat-
alyzed the expansion of translation activities, extending its 
scope beyond religious texts to encompass science, literature, 
and philosophy [10]. By the 20th century, translation studies had 
evolved into a theoretical discipline, emphasizing that transla-
tion transcends linguistic transference to become a vehicle for 
cultural representation and contextual conveyance [11]. Foun-
dational theories such as Nida's Dynamic Equivalence and Ver-
meer's Skopos theory redefined translation practice, steering it 
from the replication of linguistic forms toward the profound ar-
ticulation of culture, emotion, and context [12].

From the verbatim translations of ancient religious manuscripts to 
the development of translation theories underpinning modern lit-
erary and technical works, HT has undergone a transformation—
from a focus on linguistic forms to an emphasis on meaning and, 
ultimately, its role as a tool for intercultural communication.

Research Objectives and Significance 
This study aims to conduct a comparative analysis of the cogni-
tive processes and translation performance of MT and HT, fo-
cusing on their similarities and differences in language process-
ing, contextual comprehension, and cultural adaptation.

The significance of this research lies in three key areas:
1.	 By uncovering the limitations of MT through comparative 

analysis, it offers valuable insights for the further develop-
ment of MT technology.

2.	 By exploring the cognitive mechanisms underlying HT, it 
enhances our understanding of the intricate cognitive activ-
ities involved in translation.

3.	 It provides theoretical support for interdisciplinary studies 
in translation research, cognitive science, and artificial in-
telligence while exploring the complementary potential of 
human and machine translation.

Theoretical Foundation 
Cognitive Science and Translation 
Cognitive science, an interdisciplinary field that studies the mind 
and intelligence, spans multiple domains, including psychology, 
linguistics, computer science, and philosophy [13]. In the trans-
lation process, human translators engage in complex cognitive 
activities such as information processing, decision-making, and 
problem-solving. This process encompasses various dimensions, 
including linguistic comprehension, semantic inference, and 
cultural integration. Translation transcends mere linguistic trans-
formation, it embodies a multifaceted cognitive operation. The 
application of cognitive science in translation studies elucidates 

how human translators construct meaning across languages and 
adapt to differences in culture, context, and semantics. Analyz-
ing translation through the lens of cognitive science provides a 
deeper understanding of cognitive load and sheds light on how 
the human brain integrates information during translation tasks.

Principles of Machine Translation 
Machine translation (MT) operates through automated algo-
rithms and data-driven models, typically employing three pri-
mary methodologies: rule-based machine translation (RBMT), 
statistical machine translation (SMT), and neural machine trans-
lation (NMT). RBMT relies on rule libraries curated by linguis-
tic experts to process syntactic and semantic information. While 
it offers stability in handling grammatical structures, it struggles 
with more complex linguistic phenomena [14]. SMT leverag-
es extensive bilingual corpora to train models by constructing 
probabilistic frameworks and selecting translations based on sta-
tistical likelihood and its core principle involves using statistical 
probabilities to determine the most optimal translation outcome, 
however, its ability to manage contextual and syntactic intrica-
cies remains limited [15]. NMT employs deep neural networks 
and utilizes end-to-end learning to directly establish mappings 
within bilingual datasets, enabling more effective handling of 
long-range dependencies and contextual information [16]. De-
spite the significant advancements achieved through NMT, chal-
lenges persist, including translation errors and inadequate com-
prehension of cultural nuances.

Cognitive Processes in Human Translation 
Human translation (HT) is a highly intricate cognitive task involv-
ing linguistic comprehension, semantic inference, and contextu-
al integration [17]. The cognitive activities in translation can be 
categorized into several critical stages. First, the source text must 
be thoroughly understood, encompassing vocabulary, syntactic 
structures, and semantic content. This is followed by the integra-
tion of context and culture, where translators adapt linguistic ex-
pression to the specific context. Finally, the target language text is 
generated, requiring careful consideration of natural fluency and 
cultural appropriateness in the target language. 

Compared to machine translation (MT), human translators possess 
unique cognitive abilities and cultural sensitivity, enabling them 
to adeptly navigate semantic nuances and convey accurate mean-
ings. By leveraging contextual analysis, grammatical structures, 
semantic inference, and rhetorical devices such as metaphors and 
analogies, human translators achieve a deeper understanding of 
cultural and emotional undertones. They address the complexities 
of context by holistically considering linguistic and non-linguistic 
factors—such as situational elements, emotions, and speaker in-
tent—to ensure coherence and precision. Furthermore, they adept-
ly manage cultural disparities by recognizing and accommodating 
differences in cultural norms, values, and modes of expression. 
This involves adjusting phrasing, restructuring sentences, or in-
corporating explanatory elements, thereby enhancing the accept-
ability and resonance of the translation for the target audience.

Comparative Analysis of Machine Translation and Human 
Translation 
Semantic Processing 
In semantic processing, machine translation (MT) relies on 
extensive corpora and algorithms to directly match words and 
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phrases, enabling the rapid generation of target language texts. 
However, due to the complexity of linguistic phenomena such as 
polysemy, fixed expressions, and metaphors, Machine transla-
tion (MT) lacks the capacity for deep comprehension of polyse-
mous words in context, often leading to erroneous word choices. 
It tends to translate idiomatic expressions or fixed collocations 
on a word-for-word basis, resulting in semantic distortion. More-
over, the interpretation of metaphors requires profound cultural 
knowledge and semantic reasoning—an area where MT falls 
short. Rather than truly grasping these implicit meanings, MT re-
lies solely on pattern matching within pre-existing data, which fre-
quently hinders its ability to handle such nuances with precision. 
For instance, the English word “bank” may refer to a financial 
institution or a riverbank. In the absence of sufficient contextual 
information, MT may fail to make the correct semantic choice.

Conversely, human translators possess greater semantic flexibil-
ity, leveraging contextual understanding and inference to discern 
the intended meaning of words with greater precision. For ex-
ample, when translating "bank" in a context mentioning "river," 
a human translator can easily deduce that the term refers to a 
riverbank, whereas MT might produce a mistranslation.

Contextual Understanding and Cultural Differences 
Contextual understanding is a critical aspect of translation, 
particularly when navigating cultural differences. MT typical-
ly translates within a limited contextual window, often falling 
short in cross-cultural interpretation. For instance, the Chinese 
phrase “ ” (literally "eat vinegar") is a metaphor for jealou-
sy. If translated directly as “eat vinegar,” it would likely confuse 
readers of the target language.

Human translators, however, drawing upon their cultural knowl-
edge and linguistic creativity, can adapt the expression of cultur-
al metaphors during the translation process. This enables them to 
accurately convey the original meaning while aligning the trans-
lation with the target cultural context. Such adaptability enhanc-
es the effectiveness of cross-cultural communication, ensuring 
both fidelity to the source and resonance with the audience. This 
cultural adaptability enables translations to convey the deeper 
meanings of the source text more effectively. By tailoring their 
translations to cultural nuances, human translators ensure the 
text resonates with the target audience.

Linguistic Creativity and Metaphor Handling 
Linguistic creativity is a hallmark of human language, partic-
ularly in literary translation, where metaphors, puns, and other 
rhetorical devices present significant challenges. MT, which re-
lies on pre-existing corpora, often lacks the flexibility to handle 
the intricate meanings of such creative expressions. For exam-
ple, the phrase “as busy as a bee” might be translated by MT 
as “ ” (literally "busy like a bee"). While this is 
accurate, it may lack the natural flow and cultural resonance of 
a more context-appropriate translation such as “ ” 
(busy to the point of being overwhelmed).

Human translators excel in this domain, adapting expressions 
to align with the idiomatic conventions of the target language. 
This flexibility and creativity enable human translators to deliver 
nuanced and contextually appropriate translations, a task where 
MT continues to face significant limitations.

Cognitive Load Analysis in the Translation Process 
Cognitive Load in Machine Translation 
The cognitive load in machine translation (MT) primarily lies 
in model training and parameter optimization, as the transla-
tion process itself is an automated, "unconscious" activity for 
the system. MT’s cognitive load is largely associated with the 
complexity of data processing and the refinement of algorithms.

For instance, when dealing with polysemous words or complex 
syntactic structures, MT relies heavily on extensive training data 
and sophisticated algorithms for prediction and selection. How-
ever, this approach does not always produce translations that are 
contextually or logically accurate. In handling long sentences, 
MT might overlook long-distance dependencies due to trans-
lation window limitations, resulting in errors. Take the English 
compound sentence “Despite the rain, the match continued.” MT 
might translate this accurately as “ ”. However, 
in more complex sentences, MT often struggles to process the 
dependency between main and subordinate clauses, leading to 
deviations in intended meaning.

Cognitive Load in Human Translation 
Human translators experience significant cognitive load due to 
the need for deep comprehension of semantics, context, and cul-
tural nuances. Translators must simultaneously manage multiple 
layers of information, including vocabulary, syntax, pragmatics, 
and cultural background. For example, in translating a political 
speech, a translator must not only convey the speaker’s literal 
meaning but also consider the tone, the audience’s cultural con-
text, and the political intent. This multitasking greatly increases 
cognitive demands.

A typical case involves translating the term “freedom” into 
Chinese. Depending on the context, the translator must decide 
whether to use “ ” (freedom) or “ ” (autonomy) to ensure 
the translation is both accurate and fluent. Such decisions neces-
sitate balancing linguistic precision with cultural sensitivity, a 
task that requires considerable cognitive effort.

Comparison of Decision-Making Mechanisms and Informa-
tion Processing Modes 
In decision-making, MT relies on probabilistic models embedded 
in its algorithms, while human translators draw upon experience 
and cognitive reasoning. For example, when confronted with a 
polysemous word, MT selects the most statistically frequent trans-
lation from its training data, whereas human translators analyze 
the context to determine the most appropriate meaning.

Consider the English word “present,” which can mean “to 
present” (verb) or “a gift” (noun). In the sentence “Can you 
present this to the board?” MT might incorrectly translate 
it as “ ” due to data biases. In contrast, 
a human translator, interpreting the context, would correctly ren-
der it as “ ” This distinction underscores the 
human ability to integrate contextual understanding with linguis-
tic intuition, resulting in more accurate and nuanced translations.

Case Studies 
Comparative Analysis of Human and Machine Translation 
Translation tasks vary significantly across different contexts, 
leading to distinct performances from machine translation (MT) 
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and human translation (HT). This section examines their effec-
tiveness in three scenarios: news translation, technical document 
translation, and literary translation.

Case 1: News Translation 
News translation typically uses standardized, straightforward 
language, making it well-suited for MT. For example, the sen-
tence, “Global markets saw a sharp decline today due to polit-
ical instability.” might be translated by MT as “

”. The translation is grammatically cor-
rect and semantically accurate, demonstrating MT's efficiency 
and precision in handling news content. The neutral and formu-
laic style of news writing aligns well with MT algorithms, en-
abling reliable syntactic and lexical matches.

Case 2: Technical Document Translation 
Technical documents demand consistent terminology and struc-
tured syntax, areas where MT excels. For example, “Click 
on the start button to begin installation.” is reliably translated 
as “ ”. However, MT may struggle 
with more intricate sentences. For instance, “Once the configu-
ration is complete, the system will automatically restart.” might 
translate correctly to “ ”. While 
the syntax is accurate, implicit user instructions (e.g., whether 
action is required) may not be fully conveyed.

Case 3: Literary Translation 
Literary translation highlights MT's limitations, as it involves 
complex expressions, emotions, metaphors, and cultural con-
texts. For instance, in The Old Man and the Sea, the sen-
tence “Man is not made for defeat.” might be translated by MT 
as “ ”. While correct in a literal sense, the 
philosophical depth of the original is lost. An HT alternative like 
“ ” better conveys the author's intent and 
resonates with the audience, demonstrating HT’s superiority in 
interpreting nuanced meaning and context.

Analysis of Common Errors 
MT often encounters issues with polysemous words, long-dis-
tance dependencies, and cultural nuances. Below are examples 
illustrating these typical errors and occasional successes:

Case 1: Misinterpretation of Polysemous Words 
Handling polysemy is a frequent challenge for MT systems. For 
instance, in “John gave Mary a ring.”, the word “ring” could 
mean a piece of jewelry or a phone call. Without adequate con-
text, MT might default to “ ” when the intended meaning is 
“ ”. HT, through contextual analysis, can identify the correct 
interpretation, offering a more accurate translation.

Case 2: Long-Distance Dependencies 
Complex sentences with long-distance dependencies often lead 
to MT errors. For instance, “Despite the heavy rain, the match 
continued without any interruptions.” might be translated as 
“ ” While grammatically cor-
rect, the translation lacks fluency and naturalness. HT would 
likely produce “ ”, a more con-
textually appropriate and idiomatic translation.

Case 3: Ignoring Cultural Nuances 
Cultural idioms challenge MT. For instance, the English 
phrase “It’s raining cats and dogs.”, if translated literally as “

”, is nonsensical in Chinese. HT would render it as 
“ ”, preserving the original meaning and aligning with the 
target culture’s idiomatic expressions.

Analysis of MT Success Cases 
Despite its limitations, MT performs well in specific contexts, 
particularly with simple, clear sentences.

Case 1: Daily Phrases 
For common expressions, MT delivers quick and accurate trans-
lations. For example, “Please enter your username and pass-
word.” is effectively rendered as “ ”, requiring 
no complex semantic inference.

Case 2: Proper Names and Fixed Terms 
MT excels in translating proper names and geographical loca-
tions. For instance, “Google headquarters is located in Moun-
tain View, California.” is correctly translated as “

”, maintaining accuracy and standard transla-
tion practices.

Case 3: High-Repetition Technical Terms 
In technical translations involving repetitive terminology, MT 
ensures consistency and efficiency. For instance, “Click the 
install button to continue.” might appear multiple times in 
software manuals. MT reliably and uniformly translates 
this as “ ”, outperforming HT in speed and 
maintaining terminological consistency.

In summary, while MT excels in structured, standardized texts, 
its limitations in handling complexity, ambiguity, and cultural 
context highlight the indispensable role of human translators in 
ensuring translation accuracy and cultural relevance.

Limitations and Prospects of Machine Translation 
Current Limitations of Machine Translation 
Despite significant advancements in neural machine translation 
(NMT) technologies, MT systems still exhibit notable limita-
tions in certain areas. Firstly, MT systems have limited capacity 
to process polysemy and synonyms, often failing to accurately 
interpret complex semantics. Secondly, MT struggles with cul-
tural differences and metaphorical language, making it difficult 
to naturally integrate cultural connotations from the source lan-
guage into the target language. Moreover, when dealing with 
long or structurally intricate sentences, MT often neglects con-
textual dependencies, resulting in incoherent or inaccurate trans-
lations. For instance, in translating poetry or literary works, MT 
struggles to preserve the original text's emotional resonance and 
rhythm.

Future Developments in Machine Translation 
The future of machine translation research is likely to trend to-
ward greater intelligence and personalization. MT systems are 
expected to enhance their capabilities in contextual analysis and 
semantic reasoning to better handle long-distance dependencies 
and complex syntactic structures. Furthermore, with the expan-
sion of cross-cultural corpora, MT may achieve breakthroughs 
in handling cultural nuances and metaphorical expressions. Per-
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sonalized MT systems could also emerge, adapting translations 
to user preferences and stylistic requirements. For instance, MT 
systems could automatically adjust translation strategies to cater 
to specific text types, ensuring optimal translation quality across 
diverse contexts.

Potential for Human-Machine Collaboration 
Human-machine collaboration is poised to become the dominant 
trend in future translation practices. MT can undertake prelimi-
nary translation tasks, particularly for large-scale texts, thereby 
enhancing efficiency, while human translators (HT) can perform 
subsequent editing and cultural adaptation. Such collaboration 
not only improves translation efficiency but also ensures quali-
ty. For example, translation agencies can utilize MT to generate 
initial drafts, which are then refined by HT to achieve linguis-
tic accuracy and fluency. This synergy combines the technical 
strengths of MT with the creative expertise of human transla-
tors, leading to more efficient and higher-quality translation out-
comes.

Conclusion 
This study, through a comparative analysis of machine transla-
tion (MT) and human translation (HT) in semantic processing, 
contextual understanding, and cognitive load, elucidates their 
similarities and differences in the translation process. While MT 
demonstrates advantages in speed and efficiency, it remains de-
ficient in areas where HT excels, such as contextual comprehen-
sion, cultural adaptation, and creative expression. As technology 
advances and human-machine collaboration models gain promi-
nence, MT is anticipated to play a more significant role in com-
plex translation tasks. Simultaneously, research into cognitive 
mechanisms during the translation process offers new directions 
for enhancing MT's level of intelligence.
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