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Abstract

What language is has been one of the most problematic questions in both science and philosophy
for millennia. A detailed scientific answer to this question matters greatly as it is often claimed
that what makes us human is language. It is widely held that language is a communication system,
but compelling evidence suggests that language design consistently favors computational efficiency
over communicative efficiency. The present study investigates whether language design and
evolution are governed by communicative concerns or by computational and cognitive principles.
Drawing on the biolinguistic framework and the Minimalist Program, and through the analysis
of a number of Persian constructions, it is argued that communicative considerations play no role
in language design. Examination of Persian structures, including minimal structural distance,
island phenomena, and extraposition, shows that language is essentially an instrument of thought
and that syntax, the most powerful engine of the language faculty (FL), did not evolve for
communication. The findings indicate that computational efficiency and minimal structural
distance consistently take precedence over communicative considerations in all constructions
examined. Furthermore, the results are compatible with current biolinguistic and evolutionary
considerations and suggest that the emergence of language/syntax was abrupt and the result of a
genetic innovation. It can therefore be argued that the evolution of syntax was not a continuation

of animal communication systems and cannot be regarded as a product of natural selection.
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1. Introduction

Understanding the biological foundations of language has become one of the most significant
concerns in both contemporary linguistic research and cognitive science. Although syntax has
traditionally been examined as an autonomous formal system governing sentence structure, recent
developments in biolinguistics, cognitive neuroscience, and psycholinguistics have increasingly
emphasized that syntactic competence cannot be adequately explained without considering the
neural and cognitive mechanisms that support it. Advances in neuroimaging, electrophysiology,
and biolinguistics have substantially expanded current knowledge of how the brain processes
hierarchical linguistic structures, offering new perspectives on the relationship between syntax

and human biology.

The convergence of linguistics and neuroscience has shifted scholarly attention from purely
descriptive models toward interdisciplinary explanations of language. Rather than viewing syntax
as an isolated computational system, contemporary theories increasingly portray it as the outcome
of interactions among specialized neural networks, domain-specific cognitive capacities, and
biologically constrained developmental processes. Accordingly, investigating the biological basis
of syntax not only enhances our understanding of language itself but also contributes to broader

debates concerning the nature of human cognition.

Against this background, the present paper synthesizes contemporary theoretical and empirical
studies on the biological foundations of syntax. It addresses three central questions: Did language
evolve for communicative reasons or is it essentially an instrument of thought? How do current
cognitive models account for syntactic computation? To what extent do existing findings support
the hypothesis that syntax constitutes a biologically grounded component of the human language

faculty?

2. Literature Review

The biological study of syntax largely originates from generative linguistics, particularly the
assumption that humans possess an innate capacity for language acquisition. This perspective
argues that grammatical knowledge cannot be attributed solely to environmental input but instead
reflects biologically constrained cognitive mechanisms that enable children to acquire complex
linguistic systems despite limited exposure. Subsequent developments in biolinguistics have
extended this argument by integrating linguistic theory with evidence from neuroscience,

genetics, developmental psychology, and evolutionary biology.

Among contemporary linguistic frameworks, the Minimalist Program has provided one of the
most influential accounts of syntactic computation. It proposes that language relies on a small set
of computational operations, most notably Merge (or most recently, General and Special Merge),
through which hierarchical structures are recursively generated. Although originally formulated

as a theoretical construct, recent neurocognitive research has attempted to identify neural
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processes corresponding to recursive syntactic computation. These investigations generally suggest
that hierarchical sentence processing depends upon coordinated activity across multiple cortical

regions rather than isolated language centers.

Neuroscientific evidence consistently identifies the left inferior frontal gyrus, particularly
Broca's area, as an important component of syntactic processing. Nevertheless, accumulating
evidence indicates that syntactic computation is supported by an extensive neural network
involving the posterior temporal cortex, superior temporal gyrus, basal ganglia, and white-matter
pathways such as the arcuate fasciculus. Consequently, syntax is increasingly understood as an
emergent property of distributed neural connectivity rather than the function of a single

anatomical region.

Electrophysiological studies further illuminate the temporal dynamics of syntactic processing.
Neural responses such as ELAN and P600 have repeatedly been associated with early structural
analysis and later syntactic revision, demonstrating that sentence comprehension involves
successive computational stages. Likewise, developmental research reveals that infants display
sensitivity to structural regularities before acquiring extensive vocabularies, suggesting that
biological predispositions guide grammatical learning from the earliest stages of language

development.

Comparative and evolutionary investigations have also examined whether syntactic abilities
extend beyond humans. Although several non-human species exhibit sophisticated sequence
learning and pattern recognition, existing evidence has not demonstrated recursive hierarchical
syntax comparable to that observed in human language. These findings support the view that
while certain cognitive prerequisites may be evolutionarily shared, the computational organization

of syntax represents a distinctive feature of the human language faculty.

3. Methodology

This study employs a qualitative narrative review to integrate theoretical and empirical research
concerning the biological foundations of syntax. Rather than conducting a quantitative meta-
analysis, the review synthesizes influential studies drawn from theoretical linguistics,
neurolinguistics, cognitive neuroscience, psycholinguistics, developmental psychology, and

evolutionary linguistics.

The reviewed literature was selected according to three criteria. First, studies were required to
address the relationship between syntactic processing and biological or cognitive mechanisms.
Second, priority was given to influential theoretical publications and empirical investigations
employing neuroimaging, electrophysiological, or behavioral methodologies. Third, the selected
studies and linguistic data collectively represent diverse theoretical perspectives, allowing

competing explanations to be critically compared.
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The analysis focused on recurring themes concerning neural localization, distributed language
networks, recursive computation, developmental constraints, and evolutionary interpretations of
syntax. This integrative approach enables a comprehensive evaluation of the current state of
knowledge while identifying unresolved theoretical issues that continue to shape interdisciplinary

research.

4. Results

The reviewed literature demonstrates considerable agreement regarding the biological basis of
syntax. First, syntactic processing is consistently associated with distributed neural networks
linking frontal, temporal, and subcortical regions rather than with a single specialized brain area.
Although Broca's area remains central to many theoretical accounts, successful sentence

processing depends upon coordinated interactions among multiple neural systems.

Second, empirical findings strongly support the hierarchical nature of syntactic computation.
Neuroimaging, electrophysiological, and behavioral evidence indicates that language
comprehension relies on recursive structural representations capable of generating complex

grammatical relationships beyond linear sequencing.

Third, developmental studies consistently suggest that grammatical acquisition reflects
interactions between linguistic experience and biologically constrained cognitive mechanisms.
Environmental exposure remains essential, yet available evidence indicates that language learning

operates within an innate neurocognitive architecture that facilitates syntactic organization.

Finally, comparative investigations suggest that although some cognitive precursors of
language may be shared across species, recursive syntax appears to constitute a uniquely elaborated
characteristic of human cognition. Collectively, these findings reinforce the interpretation of
syntax as a biologically grounded cognitive capacity supported by specialized yet interconnected
neural mechanisms and the human language did not evolve as a communicative system but a

computational one and later was adapted for externalization.

5. Discussion

The reviewed evidence highlights the growing convergence between theoretical linguistics and
cognitive neuroscience. Contemporary research increasingly rejects the traditional opposition
between formal grammatical theories and biological explanations, demonstrating instead that
syntactic competence emerges through interactions among neural organization, cognitive

computation, developmental constraints, and evolutionary adaptation.

Nevertheless, important theoretical questions remain unresolved. Although substantial
progress has been made in identifying neural correlates of syntactic processing, the precise
implementation of recursive grammatical operations within the brain is still incompletely

understood. Furthermore, continuing debates concerning the respective contributions of domain-
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specific linguistic mechanisms and domain-general cognitive resources indicate that no single

explanatory framework has yet achieved universal acceptance.

Future interdisciplinary investigations combining advanced neuroimaging techniques,
computational modeling, longitudinal developmental studies, and cross-linguistic evidence are
therefore expected to refine current theories and provide a more comprehensive account of the

biological architecture underlying syntax and its non-communicative evolution.

6. Conclusion

The accumulated evidence reviewed in this study strongly supports the conclusion that syntax
constitutes a biologically grounded component of the human language faculty. Findings from
linguistics, cognitive neuroscience, developmental psychology, and evolutionary research
collectively indicate that grammatical competence and syntax is sustained by distributed neural
networks, specialized cognitive computations, and biologically constrained developmental
processes. Rather than functioning independently of human biology, syntax emerges from the
dynamic interaction between neural architecture, cognition, and linguistic experience. the nature
of syntax is seen as the final product of the evolution of the operation merge, but a more
mathematically and biologically accurate account is introduced in that regard: General and Special
Merge instead of the classic internal and external Merge. All of which emphasizing and showing
in detail that communication or externalization is a secondary, if not tertiary use of the human
language and that syntax evolved as a system of thought and reason. A myriad of linguistic data

are also provided and analyzed to substantiate the aforementioned findings.

Although several theoretical issues remain open to investigation, contemporary
interdisciplinary research has significantly advanced our understanding of the neurobiological
foundations of syntax. Continued collaboration across linguistics, neuroscience, psychology, and
computational science is expected to further clarify the mechanisms through which the human

brain acquires, represents, and processes complex syntactic structures.
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2. Can mice that can run — think?
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3. *Can mice that — run can think?
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4. Mice that can run can think.
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. communicative efﬁciency

. minimal structural distance

. minimal linear distance

. Conceptual — Intentional (C-I) Interface
. Sensory-Motor (S-M) Interface
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6. The woman who is overweight is disappointed.
7. Is the woman who is overweight disappointed?
8. *Is the woman who overweight is disappointed?
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10. I love physics more than you.
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11. He killed the man with a gun.
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. The Subjacency Condition
. Ross, J. H.

. adjunct

. Tense Phrase (TP)
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25. The fact that Shadmehr likes Mahshid irritates Hossein.

* Who did the fact that Shadmehr like — irritates Hossein?
26. Shadmehr saw the woman who played the piano.

* What did Shadmehr see the woman who played —?

27. Shadmehr sang a song and Hossein played the guitar.

* What did Shadmehr sing — and Hossein played the guitar?
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28. They asked if the mechanics fixed the cars.
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29. How many cars did they ask if the mechanics fixed?
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30. *How many mechanics did they ask if fixed the cars?
ISl o slatwsl bl5 o “how many mechanics” sy50)5 iy s (6l Sisls [ SoaSG b iy 93
Slinn 53 35k gn e [y Byl s 5 87 355 1) Sglite slajlslu 5 SIS 05 Sl b 5 s 0 4 4k Lol sl
8 oo Jool LT s
CS o psd k> ol 4 oSmn o LT 3 o8 ol T elE 55 Olgar (SO 31 (e 53 5235 b ociely primmas

cSbloee S dms 51 sosle s BLsyl sl polsds . o £33 S ses\ Kol 4 2 =S oplsan Lol (S o

a3 o o 68 |y 5 se Jool (19861 17) Sl
5,8 B aS e o ilio jsbay il o5 SV
s 5 81 0yl gnss CanS Tl o nlin (s 4 ) (©) i () e

bans 13 GBSl CeS s 1 (0) (D) Y

s L ST o |y () () Y
s S S s oKl 4 Al 4 ol Bl 5l b ST 5wl o8 T Klis 5 wleds 5,5 2018: 9) Koy o) i b 5 sladtes
Pl (G gl

a) Die Kinder ~ spielten  vor der Schule im Park Fuf3ball.

The children  played before school in the park  Soccer
(b) Fufball spielten  die Kinder vor der Schule im Park.

Soccer played the children  before school in the park
(c) *Vor der Schule Fufiball spielten die Kinder im Park.

Before school soccer played the children  in the park
Fullbal ie Kinder spielten vor der Schule im Park.
(d) *Fufdball d d piel der Schul k

Soccer the children played before school in the park.
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!. Copy Theory of Movement
2. displacement
3. perception
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35. who do you want to win the game?
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36. You want who to win the game?
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37. Who you want — to win the game?
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38. Who do you want — to win the game?
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39. Who do you want who to win the game?
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40. *Who do you wanna win the game?

. Logical Form (LF)
. trace
. Theory of Government and Binding (GB)

. 0 - movement

. do-support
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41. You want to go where?

a. where you want to go where? (<S> <3 %, & L) / where you want to go —?

b. where you want to go?

c. where do you want to go?

d. where do you wanna go?
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1. general
2. special

3. The Right-Roof Constraint
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45. That I presume that Shadmehr is a marvelous man is no secret.
*That I presume is no secret that Shadmehr is a marvelous man.

46. Anyone who believes that Shadmehr will win the contest is making a big mistake.
*Anyone who believes is making a big mistake that Shadmehr will win the contest.
Gl dy S BTl 6 5 ol (ol e 53 oty O 6 s el 31 U 55 S5 o) S
Pl 8] O Jlie (sl
c el e S 5 ;.iv,ca 4. FY
35 55 i lh e &S L8 4y
talosl o alax OAE (6 giunsl 4 OF slus pe 5 ol (ol iy S S Ll (FA) s Ll
48. *It that Shadmehr destroyed the house was unacceptable.
*Did it that that happened frustrate Shadmehr?
ol gz dale 8 Gy iy S oS el ol Jool sl ot it 5lag s opam dald SMax cnl 53
el ol bl o3y s
49. It was unacceptable that Shadmehr destroyed the house.
50. Did it frustrate Shadmehr that that happened?
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!. The Language Design
2. Huybregts, M. A. C.
3. Musso, M.

4. asymmetry
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