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Abstract:
The ever-drawn debate between nature and nurture in the context of language acquisition has been a subject of interest 
among scholars for decades where in the past, this has been a question of whether language delay is a result of heredity 
or environment. The emergence of AI has added a new perspective to this discussion through complex tools that can 
capture and assess the interplay of these variables. Therefore, this paper seeks to explain how AI can mimic the interplay 
between genetic and environmental factors in the process of language acquisition. Thus, employing simulations 
and meta-analyses with the help of AI, the researchers can gain a deeper insight into how these factors influence the 
language learning process, challenge the existing theories, and define further research avenues.
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1. Introduction
Language acquisition is one of the most significant devel-
opmental processes in human beings, but the processes 
that are involved in this phenomenon are still in debate. 
The nature versus nurture controversy, which has been a 
major concern in linguistic and psychological research 
for many years, concerns the extent to which language 
acquisition is determined by innate endowment or by the 
environment. New developments in artificial intelligence 
(AI) offer a chance to revisit this discussion through com-
putational models of language acquisition thus, this paper 
aims at discussing the role of AI in the nature vs. nurture 
debate in language acquisition. It posits that although AI 
provides effective means for modeling linguistic process-
es, it is incapable of emulating human cognition and soci-
ality hence, AI should be seen as an adjunct to the existing 
methods that need to be tested on actual data to confirm 
that the results obtained are relevant to the development 
of language.

2. Theoretical Background: Nature vs. 
Nurture in Language Acquisition
Theories of language acquisition have traditionally fallen 
into two broad categories: nativist theories that focus on 
the inborn abilities and empiricist theories that highlight 
the input from the environment. Chomsky’s (1965) Uni-

versal Grammar posits that humans are endowed with a 
language acquisition device that determines how language 
is learned which implies that nature has a more significant 
influence over language learning than nurture.
In contrast, social interactionist theories like those of 
Tomasello (2003) posit that language development is a 
function of interaction with the environment which em-
phasize the nature aspect, stating that language acquisition 
is dependent on the amount of language exposure children 
get from parents and other children.
Previously, this debate has shifted to the interplay be-
tween the inborn predispositions and learning from the 
environment. Connectionist models, which are models of 
neural networks and statistical learning processes, have 
challenged the idea of the language acquisition device 
by demonstrating how complex linguistic patterns can be 
learned from linguistic input (Elman et al., 1996). Howev-
er, the question remains: how accurate are these models in 
comparison to the real human cognitive processes?

3. AI Models in Language Acquisition 
Research
AI has emerged as a major field of research in language 
acquisition because it offers the tools for modeling and 
analyzing large quantities of language data where the AI 
models that have been used in the analysis of language 
learning include GPT, BERT, CNNs, RNNs, and RL 
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which offer different views on how language might be 
learned and the current state of AI technology in mimick-
ing human thinking.

3.1 Generative Pre-trained Transformer 
(GPT) Models
GPT, which is an acronym for Generative Pre-trained 
Transformer like GPT-3 or the most recent GPT-4, is a 
class of large language models that utilize the Transformer 
architecture that uses self-attention mechanisms to analyze 
and predict language patterns based on the interactions 
of words in a given context (Vaswani et al., 2017). GPT 
models are trained on large datasets of text from different 
sources, and thus, they can generate text that has the same 
statistical properties as the input data. Thus, the Applica-
tions of GPT in Language Acquisition could be in below 
areas.
Simulating Language Production: GPT models can be 
used to emulate how human beings produce language 
therefore, through the analysis of these models, research-
ers can comprehend how the models produce and predict 
text and the effects of prior linguistic experience on lan-
guage production. For instance, it is possible to employ 
GPT to explain how children can apply the learned pat-
terns of language to create new sentences.
Analysing Linguistic Creativity: GPT models can assist 
researchers in identifying how creativity in language is 
developed. Analyzing how these models use words and 
phrases together in a different manner allows researchers 
to investigate the processes that underlie creative language 
production which can help explain how children transition 
from memorizing to using language rules in new situa-
tions.
Error Analysis as Diagnostic Tools: When the mistakes 
made by GPT models during the text generation are iden-
tified and analyzed, it is possible to study the shortcom-
ings of the statistical learning approach which are usually 
indicative of the model’s lack of knowledge of grammar, 
syntax or context, which is similar to the way children 
learn language. For instance, if a GPT model is frequently 
wrong about the correct use of a grammatical construc-
tion, then it may require innate linguistic knowledge to 
correct it.

3.2 Bidirectional Encoder Representations 
from Transformers (BERT)
Another powerful language model is BERT (Bidirectional 
Encoder Representations from Transformers) by Google 
which is different from GPT in that it is bidirectional. 
While GPT models predict the next word in a sequence 
by only focusing on the previous words (unidirectional), 
BERT models look at the previous and the next words in 

a sentence which enables BERT to capture more complex 
relations between words and the general meaning of the 
sentences (Devlin et al., 2019). The areas where BERT’s 
Applications in Language Acquisition could be in below 
areas.
Modelling Comprehension and Ambiguity Resolution: 
Since BERT can capture context from both directions, it 
is especially valuable for mimicking how people process 
sentences and disambiguate them for instance, BERT can 
be used to model how children process sentences that can 
be interpreted in more than one way and how they resolve 
the ambiguity.
Studying Pragmatic Inference: Pragmatic inference is the 
ability to derive meaning that is beyond the dictionary 
definition of a word or phrase, and this is usually based on 
the context of the conversation thus, BERT can be applied 
to investigate how children and adults make inferences 
in communication, for example, to comprehend the con-
text or the speaker’s purpose. In this way, the analysis 
of BERT’s performance on tasks that involve pragmatic 
knowledge will allow researchers to investigate the contri-
bution of contextual learning in language development.
Transfer Learning in Language Tasks: BERT’s ability to 
excel in transfer learning, where a model trained for one 
task is used for another related task, mimics how humans 
use language in different settings for example, a child 
learning to read might use grammatical rules that have 
been learned in spoken language to comprehend written 
text. BERT’s transfer learning capability can be applied to 
investigate how various language competencies are relat-
ed and build upon one another during the developmental 
process.

3.3 Neural Networks: Convolutional Neural 
Networks (CNNs) and Recurrent Neural Net-
works (RNNs)
CNNs and RNNs are two of the most important neural 
networks used in AI applications that are related to lan-
guage where CNNs are usually applied in image pro-
cessing but can also be applied in other tasks such as text 
classification where they are effective in detecting local 
features such as phrases and idioms. RNNs, especially 
LSTM networks, are ideal for processing sequential data, 
and this is why they are applied to tasks that involve 
temporal characteristics of language (Elman et al., 1996). 
Some of the possible directions for the further develop-
ment of Neural networks applications in Language Acqui-
sition can be below.
Hierarchical Language Processing with CNNs: CNNs can 
replicate how children learn to decode language at differ-
ent levels of abstraction, for example, phonemes or graph-
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emes, words and phrases, for instance, CNNs can be used 
to investigate how children segment words from fluent 
speech or how they parse syntactic structures in sentences.
Modelling Sequence Learning with RNNs: RNNs are par-
ticularly helpful in capturing the process of how children 
learn language over time because they can retain infor-
mation across long sequences for instance, LSTM net-
works can explain how children store and recall linguistic 
information. For example, when they recall the first part 
of a sentence while comprehending the last part which is 
important in explaining the process of how language ac-
quisition and use occurs in a sequential manner based on 
prior learning.
Simulating Memory and Forgetting: RNNs can also be 
used to model the processes of memory and forgetting in 
the learning of language and because RNNs mimic how 
information is stored and retrieved in sequential learning 
tasks, they can help explain how children build linguistic 
knowledge over time. It can also inform them that they 
may lose or misinterpret linguistic information which can 
assist researchers in understanding the part that memory 
plays in language acquisition and learning.

3.4 Reinforcement Learning in Language Ac-
quisition
Reinforcement Learning (RL) is a branch of AI in which 
models make decisions based on the rewards or punish-
ments received by them hence, in the context of language 
acquisition, RL can be used to model how children learn 
language by making errors and adapting their language 
output based on the response of the environment (Skin-
ner, 1957). The applications in Language Acquisition 
are in below areas.
Simulating Feedback-Based Learning: RL models can be 
used to model how children learn language by engaging 
with their surroundings and getting feedback. For in-
stance, a model could be trained to generate sentences and 
be rewarded when it generates grammatically correct sen-
tences or when it understands spoken instructions which is 
similar to how children learn language and are corrected 
or praised by their caregivers.
Exploring the Role of Motivation and Reward: RL allows 
the researcher to study the impact of motivation and re-
ward on the learning of the second language thus, by alter-
ing the reward structure in an RL model, the researchers 
can investigate the effects of different types of feedback 
on the rate and manner of language learning which can be 
useful in determining the effects of intrinsic and extrinsic 
motivation on language development in children.
Adaptive Learning Models: RL models can also be em-
ployed to study the impact of the environmental factors 

on the process of language acquisition for instance, it is 
possible to predict how children may adjust their language 
use based on the amount of input they get, such as grow-
ing up in a bilingual environment or receiving feedback 
from different caregivers at different times. It can help the 
researchers determine the degree of the language acquisi-
tion process and its flexibility.

4. AI assistant approach in “Nature vs. 
Nurture” debate in Language Acquisi-
tion Research
The debate between nature and nurture has been an area 
of concern to researchers in the area of language acquisi-
tion where in the past, this has been a genetic versus envi-
ronmental debate where the emphasis has been placed on 
whether or not language acquisition is genetically pre-pro-
grammed or whether it is a function of the surrounding 
conditions. However, the recent new development of AI 
brings a new perspective to this discussion by providing 
tools that can model and analyze the relationships between 
these factors. Also, it provides new and valuable insights 
that were not possible before.
The most promising area of AI application in this regard is 
the use of simulation to determine how genes and environ-
ment affect language acquisition. For instance, the current 
AI models such as GPT-4 can be exposed to data of differ-
ent levels of difficulty to determine the impact of the input 
language on language acquisition which in turn enables 
the researchers to manipulate the environmental inputs 
such as phonetic variation and then study the effects on 
phonological learning. Vaswani et al. (2017) states that by 
comparing the results of AI models on different tasks like 
syntax acquisition, semantic understanding, and pragmatic 
usage, the researchers can get a better understanding of 
how these aspects of language learning are influenced by 
nature and nurture.
AI also allows for the investigation of how the genes like 
working memory capacity or processing speed interact 
with inputs from the environment. For instance, models 
can be developed to show how changes in cognitive abil-
ities affect the rate at which various aspects of language 
are learned which provide important information about the 
quality of the interaction between the given genetic poten-
tial and language acquisition depending on the availability 
of the resource in the environment (Elman et al. , 1996).
In addition to individual simulations, AI can offer a broad-
er perspective on the reconsideration of the nature vs. nur-
ture debate by employing meta-analysis to integrate data 
from various studies. Meta-analyses conducted using AI 
can reveal trends in a wide variety of linguistic areas (e. g. 
phonology, syntax, semantics) and in different groups of 
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children (monolingual vs. bilingual) which is useful in de-
termining the extent to which genetic and environmental 
factors play a role in different situations, thus offering a 
better perspective of how these factors influence language 
acquisition.
Furthermore, AI simulations include the analysis of such 
significant stages in language acquisition as a part of the 
nature-nurture controversy. In this way, AI can provide 
new ideas about the plasticity of language learning by 
demonstrating how the different types of linguistic expo-
sure at different stages of the life cycle affect the efficiency 
of language acquisition which can alter the conventional 
thinking by proposing that the critical period for language 
learning is not as rigid as it has been assumed.
AI’s capability to mimic evolutionary processes also 
brings a new perspective to the nature versus nurture 
debate. In this way, AI offers a glimpse of how language 
might have developed in early human societies under 
different selective pressures, and how genetic tendencies 
have been shaped by environmental influences over time 
which not only enhances the knowledge of how the lan-
guage faculties have evolved through the millennia due to 
the interplay of nature and nurture but also provides new 
ways of approaching the study of the emergence of lin-
guistic diversity.
Furthermore, AI can imitate the process of language 
learning in the context of several languages thus, it is also 
useful for understanding how nature and nurture in more 
complicated cases which challenge the dichotomy by 
demonstrating how different linguistic environments can 
significantly influence cognitive processes, which in turn 
influences the outcomes of language learning.
Therefore, AI is a valuable tool in the nature vs. nurture 
debate as it enables the researchers to simulate, analyze, 
and interpret the interaction between genes and environ-
ments in language development. Thus, with the help of 
AI, researchers not only can view the theories that have 
been developed over the years from a different perspective 
but also find new patterns and connections that improve 
the understanding of this complex field..

5. Addressing AI’s Limitations in 
studying language acquisition
One must remember that AI has its advantages and dis-
advantages in language acquisition research where one of 
the main disadvantages is that although AI models per-
form well in language tasks, they do not possess cognitive 
and social skills that are present in language acquisition. 
Language acquisition is not a mere computation; it is a 
social activity that is embedded in social relations and 
culture that AI cannot replicate. GPT-4 generate language 

without any meaning or context which proves that AI 
should be used as a supplementary tool instead of being 
the primary focus in language acquisition research which 
is important to ensure that the results obtained by the AI 
are accurate and applicable to real-life scenarios.
For instance, AI models cannot do joint attention, which 
is a critical feature in language development in children, 
where the child and the caregiver look at an object or 
event while listening to the language (Tomasello, 2003). 
AI models also do not possess the emotional and motiva-
tional aspects that are present in human communication 
such as the need to communicate needs, to share experi-
ences or to build relationships which are crucial for under-
standing how and why children learn language as they do.
However, AI models are limited by the data that they 
are trained with thus, as these models are able to process 
large amounts of text, they are not able to understand the 
content in the same way as a human being which is partic-
ularly evident in tasks that require reasoning, knowledge 
of the world, or understanding of context beyond the text 
(Vaswani et al. , 2017). For example, an AI model can 
generate grammatically correct sentences but may not be 
able to grasp the concept of irony, humor, or metaphor, 
which are crucial in interpersonal communication.
In addition, the AI models may also replicate the bias that 
is present in the training data; therefore, in the same way, 
if the linguistic input used to train AI models has gender, 
race, or social class biases, these can be reflected in the 
model’s output and distort the results of language acqui-
sition studies (Devlin et al. , 2019). Hence, it is important 
for researchers to be very selective on the data sources 
they use to train AI models and to come up with ways of 
reducing these biases.

6. Implications for Future Research
Based on the strengths and weaknesses of AI in language 
acquisition research, several directions for future research 
can be outlined where first, the use of AI in the analysis of 
language acquisition offers a fresh perspective on how ge-
netic and environmental factors may influence each other. 
Further studies could be aimed at creating AI models that 
are closer to the real human language acquisition process, 
considering such aspects as plasticity, critical periods, 
and the effects of multilingualism which could result in 
new theories regarding the role of genes and environment 
in cognitive development especially in language.  Thus, 
there is a need for more integration between AI scientists, 
linguists, psychologists, and neuroscientists which can be 
useful in making sure that the AI models are based on the 
current knowledge of human cognitive processes, thus en-
hancing the realism of the AI simulations.
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Second, more studies are required to understand how AI 
can be incorporated into empirical research more effec-
tively. For instance, AI models can be employed to make 
predictions or find patterns that can be further verified 
in experiments with human subjects which could help to 
fine-tune AI models and enhance their capacity to mimic 
the process of language acquisition in humans.
Third, as the AI models are being improved, it will be 
necessary to create more complex models that will be 
closer to the human brain which might include the use of 
neuroplasticity or the capability to process multiple inputs 
from the senses at the same time like in biological neural 
networks. If the models are closer to the human brain, 
then researchers may be able to understand the processes 
of language acquisition better.
AI in language acquisition research has a great potential 
to solve the nature versus nurture question where some 
of the AI models that can be used to simulate and analyse 
different aspects of language learning include GPT, BERT, 
CNNs, RNNs, and RL.

7. Conclusion
Thus, AI can significantly enhance the advancement of 
the field of language acquisition by providing novel ways 
of modelling, analyzing, and predicting language learning 
processes. However, it is important to note that AI should 
be viewed as an additional tool rather than a replacement 
for quantitative research. While AI can imitate some as-
pects of language acquisition, it cannot replace the human 
brain, interpersonal interactions, and cultural context that 
are crucial for language acquisition. To get the best results 
in the field of language acquisition research, it is crucial to 
integrate the results of AI analysis with the data obtained 
from real learners which can be helpful in checking the 
results of AI models and ensure that they are useful in the 
analysis of human language acquisition. Thus, integrating 
the advantages of AI with the wealth of empirical data, we 

can enhance the knowledge of the relationship between 
genes and environment in language development and con-
tinue the discussion in this area.
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