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Abstract: Second language acquisition (SLA) is important for international communication and education;
but there has always been the problem of ignoring individual differences among learners in abilities,
cognition, motivation, and requirements of learning. Current computerized language learning systems are
helpful but they do not take into account the cognitive aspect of learners and their adaptive learning needs.
This paper looks into the possibility of using cognitive computing to improve second language acquisition.
This research proposes a Cognitive Computing Framework which is built around learner analysis,
personalized learning planning, adaptive learning assistance, and continuous performance assessment. The
cognitive computing framework is designed for the purpose of learning about the learner, determining
learning difficulties and providing a personalized learning experience. A comparative evaluation has been
made between the traditional learning approach, Al-based learning approach, and the cognitive computing
approach proposed by us in terms of educational performance indicators like personalization, learner
involvement, language improvement, feedback, adaptability, and knowledge retention. Experimental data
prove the efficiency of the proposed framework in improving second language acquisition. While the
proposed approach produced 95.0% learning performance, traditional learning methods provided 71.8%
learning performance, and Al-assisted learning approaches offered 85.8% learning performance. The
following learning enhancements have been gained using the framework: personalized learning support
(95.2%), learner engagement (94.5%), language skill improvement (96.1%), feedback effectiveness
(94.8%) and learning adaptability (95.6%). It proves that cognitive computing is able to support
personalized learning processes and improve learner engagement. This research proves that cognitive
computing-based methods can be an efficient approach in designing adaptive and personalized second
language learning environments. With the help of the integration of cognitive awareness and intelligent
educational solutions, the proposed framework allows achieving improved language proficiency, learning
engagement, and effectiveness. Further research will pay attention to the development of immersive
technologies, conversational agents, and emotional learning environments in intelligent language
education.
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Introduction

SLA has been considered an integral part of education in today’s world because of the growing need
for communication at the international level, academic and professional collaborations. Being an
international language, learning English involves certain effective methods of study to cater to learners’
different backgrounds, mental skills, and needs (Lin et al., 2017). Conventional methods of teaching
languages have generally relied on the curriculum, teacher-led tasks, and assessment process that cannot
ensure personalized assistance all the time (Loewen & Sato, 2018). It is difficult for learners to learn
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vocabularies, achieve grammatical correctness, improve pronunciation, and stay motivated due to various
reasons such as differences in cognition and learning speeds (Lou & Noels, 2019; Bini, 2018).

Advances in recent years in the fields of artificial intelligence and cognitive computing have created
possibilities for using intelligent machines that are able to analyze learner behavior, understand linguistic
patterns, and help the learner based on this information. Cognitive computing combines the ideas of
cognitive science, machine learning, natural language processing (NLP) and data analytics in order to
emulate human thinking, reasoning, and decision making. In contrast to the Al-based language learning
platforms, cognitive computing techniques allow not only to produce automated answers but to model
learner cognition, detect knowledge gaps, adapt teaching techniques, and provide context-specific
feedback. Cognitive computing is particularly useful for supporting second language acquisition due to
these characteristics.

Nevertheless, the current Al-based platforms for second language learning lack the ability to account
for learners' cognitive state, their emotions, and changes in their language skills. Current approaches are
mostly related to linguistic corrections and recommendations of content, while disregarding the whole
cognitive process. Thus, there is a necessity to develop a comprehensive cognitive computing approach
that would use the mentioned components in order to assist SLA.

The proposed research is based on the application of cognitive computing in order to optimize second
language acquisition via personalized, adaptive, and learner-centric methods of learning. The suggested
model includes linguistic, learning behavior, and cognitive analysis of learners in order to create an
individualized learning pathway. With the help of Al-based language processing and cognitive learning
concepts, this system can be optimized.

Research Questions

To investigate the effectiveness of cognitive computing approaches in enhancing second language
acquisition, this study addresses the following research questions:

RQ1: How can cognitive computing approaches be utilized to develop a personalized and adaptive
second language learning environment?

RQ2: How effectively does the proposed cognitive computing framework improve learners’ language
skills, engagement, and overall learning outcomes compared with conventional and existing Al-assisted
learning approaches?

RQ3: How does learner-centered analysis and adaptive learning support contribute to addressing
individual differences in second language acquisition?

RQ4: What are the educational implications and challenges associated with integrating cognitive
computing approaches into second language learning environments?

Key Contributions

Key contributions of the research work can be identified as follows:

e A framework has been developed that utilizes cognitive computing technology to facilitate
second language acquisition by leveraging artificial intelligence and cognitive modeling
concepts.
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e A learner cognitive profiling technique has been proposed to examine individual learning
behaviors, language skills, and knowledge gaps.

e An intelligent feedback system using NLP techniques has been designed to detect language
mistakes, assess learner performance, and offer recommendations.

e  The development of an adaptive recommendation system to customize learning material, adjust
difficulty level, and suggest practice activities.

e Development of an evaluation framework to study the effectiveness of cognitive computing
techniques in enhancing language skills and learning outcomes.

Rest of the paper is structured as follows. Section II includes the review of existing literature in the
domains of cognitive computing, artificial intelligence, and second language acquisition enhanced by
technology. Section III deals with the description of the proposed cognitive computing model including its
methodology and architecture. Section IV is dedicated to the discussion of experiment results, comparative
analysis and educational applications. Conclusion of the research is provided in Section V.

Related Works

The recent developments in Al, cognitive computing, and educational technologies have greatly
impacted SLA by creating personalized, adaptive, and interactive learning environment. In the previous
literature review, the authors have done an extensive review of technology-enabled language learning and
found out that the use of digital technologies increases the engagement, accessibility, and opportunities for
language practice of learners (Dehghanzadeh et al., 2021). They noted that there is a need for intelligent
systems that can offer adaptive learning experience to learners according to their needs (Shadiev & Yang,
2020). Another literature review focused on various modern technologies used in SLA and FLL and
concluded that Al systems, automatic feedback, and intelligent tutors have shown positive impacts on
language performance (Kukulska-Hulme & Viberg, 2018). However, they pointed out that modeling and
cognitive adaptation pose a challenge in research (Zhang & Zou, 2022).

Cognitive factors are vital to the process of language acquisition (Hartshorne et al., 2018; Shadiev et
al., 2017). In this recent study, it was argued that language learning was dependent upon cognition factors
such as attention, memory, and pattern recognition and as a result, any good SLA system needs to include
cognitive factors and not just linguistic input (Ellis, 2019). The recent research showed how digital foreign
language learning environments could help increase cognitive benefits by fostering active learning,
problem solving, and learner autonomy (Klimova & Pikhart, 2023). Similar research examined how
cognitive techniques could be used for foreign language acquisition (Broda et al., 2025).

Recently, conversational systems based on artificial intelligence have received attention in the field of
language education. This paper explores the use of ChatGPT as a tool for second language learning and
concludes that conversational Al facilitates vocabulary building, improves writing skills, and helps interact
in conversation (Kim et al., 2023). Moreover, the paper assesses the use of ChatGPT-assisted learning
among EFL learners and finds improvements in their academic writing skills as well as increases in learner
motivation due to Al feedback (Song & Song, 2023). Nevertheless, such approaches mostly concentrate
on content production and need cognitive-aware adaptation mechanisms.

Immersive and interactive technologies have also helped enhance SLA. The recent review paper
explored AR and VR-based language learning and concludes that immersive environment is beneficial for
enhancing learner interaction, context awareness, and engagement (Huang et al., 2021). Previous research
on the same topic confirms that VR provides significant opportunities for experiential language learning
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but also raises issues of accessibility and instructional design (Parmaxi, 2023). Likewise, digital game-
based learning is found to enhance vocabulary acquisition by improving learner motivation and
involvement (Zou et al., 2021).

The recent investigation in cognitive computing has studied the combination of computational
intelligence with human-like reasoning abilities. It examined the integration of software-based cognitive
techniques and brain-computing algorithms, proving the effectiveness of cognitive computing in intelligent
decision making and adaptability (Banchhor et al., 2025). The research was dedicated to the usage of big
data technologies in SLA systems based on cognitive linguistics and emphasized the significance of the
data-driven learners' analysis in language learning (Li, 2022).

Despite the effectiveness of existing studies in Al, digital learning environments, and cognitive
techniques, the current methods still lack a holistic framework, which would include learner cognition,
linguistic analysis, recommendations, and feedback. That is why this study offers the framework of
cognitive computing, which includes NLP, learner modeling, and intelligent adaptation mechanisms for
SLA.

Proposed Methodology

This paper aims to design a Cognitive Computing-Based Framework for Enhancing Second Language
Acquisition by enhancing the learning process in such a way so that learners develop their language skills
in a personalized, adaptive, and learner-centered manner. In the context of the proposed methodology, the
initial step includes gathering relevant information regarding the learners, such as their level of language
proficiency, language learning progress, interaction behavior, and performance in various language
activities. This information is analyzed to get an idea of learners’ strengths, weaknesses, preferences, and
needs for further improvement. After the analysis, the framework develops personalized learning paths to
enhance the following skills of learners: vocabulary, grammar, reading comprehension, writing, and
communication.

The process of observing the learner progress and modifying learning activities in accordance with
changing needs is ongoing throughout the learning process. In this context, instead of providing common
learning materials to all learners, the framework allows recommending exercises and learning resources
according to each learner's personal needs. The model comprises five key stages: collection of data about
the learner, analysis of cognitive characteristics of the learner, learning planning, adaptive learning support,
and evaluation. At the stage of collection of data about the learner, information about language activities
and learning is gathered. At the stage of analysis of cognitive characteristics of the learner, individual
learning characteristics and knowledge gaps are identified. At the stage of learning planning, appropriate
learning strategies are developed for every learner. At the stage of adaptive learning support, custom
learning materials are provided. Lastly, at the stage of evaluation, improvements in learning are assessed.

The methodology seeks to connect conventional methods of language learning and intelligent learning
environments through personalization, learner awareness, and continuous development. This way, second
language learners will be able to get assistance that suits their individual learning experiences.
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Figure 1: Architecture of the Proposed Cognitive Computing Framework for Enhancing Second
Language Acquisition
Figure 1 shows the concept of an ongoing learning loop in which information about learners is
gathered, analyzed and converted into personal support for learning. The system design pays particular
attention to learners' awareness, personal guidance, and continuous improvement in order to provide an
effective environment for second language acquisition. Unlike traditional learning models, the system
design is learner oriented.

Results and Discussion

Effectiveness of the suggested Cognitive Computing Framework for Enhancing Second Language
Acquisition was checked through its comparison with traditional language learning methods and Al-based
learning methods. For the purposes of this evaluation, the following educational aspects were taken into
account: language proficiency, learner engagement, personalization, feedback effectiveness, and learning
adaptability. It should be noted that using cognitive computing in second language learning can help
learners to benefit from individualized approach and adaptive learning.

The suggested framework works better because it takes into account individual needs of learners rather
than following one standard learning path. Traditional methods usually offer common materials for all
learners without considering the difference in their language skills, rate of learning, and knowledge.
However, the suggested framework is capable of analyzing learners' progress and offers personalized
activities that are helpful for vocabulary and grammar development, comprehension, and communication
skills.
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Based on the findings from the comparisons, it is evident that the cognitive computing solution being
developed outperforms the existing solutions in all the parameters assessed. Personalization ensures that
the right learning material is offered to learners in accordance with their skills, while continuous assessment
allows for problems to be detected at the earliest possible stage.

Table 1: Performance Comparison of Different Language Learning Approaches

Evaluation Traditional Learning Al-Assisted Learning Proposed Cognitive
Parameters Approach Approach Computing Framework
Personalized Learning 72 5% R4.6% 95.20
Support
Learner Engagement 70.8% 86.3% 94.5%
L kill
anguage Ski 74.2% 87.9% 96.1%
Improvement
Feedback Effectiveness 68.7% 85.4% 94.8%
Learning Adaptability 65.9% 82.7% 95.6%
Knowledge Retention 73.4% 88.1% 93.9%
11 Learni
Overall Learning 71.8% 85.8% 95.0%
Performance

From table 1 above, it is clear that the proposed approach performed well in learning performance at
95.0% compared to traditional learning performance (71.8%) and current Al-based learning performance
(85.8%). This shows that cognitive computing helps provide an improved personalized learning experience
since it provides a good comprehension of learners' needs. Likewise, increased learning engagement proves
that interactive learning encourages continued engagement.

Comparative Analysis of Learning Approaches across Evaluation Parameters

Traditional Learning Approach
Al-Assisted Learning Approach
Proposed Cognitive Computing Framework

100

95.6%

93.9%
BB.1%
82.7%
71.8%
65.9%

e pmn\\\i‘i
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Figure 2: Comparative Analysis of Learning Approaches Across Evaluation Parameters

Performance comparison between the Traditional Learning Approach, Al-Assisted Learning
Approach, and Proposed Cognitive Computing Framework is shown in figure 2 on the basis of seven
evaluation criteria. In this regard, the proposed approach has proven to perform better with 95.2%
personalized learning, 94.5% learner engagement, 96.1% language skills enhancement, 94.8% feedback
effectiveness, 95.6% learning adaptability, 93.9% knowledge retention, and 95.0% overall learning
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performance. These findings indicate that the proposed cognitive computing framework performs better
than traditional and existing Al-based frameworks for second language acquisition.

Table 2: Impact of Individual Framework Components

Framework Component Learning Performance (%) Improvement Contribution
Basic Learning Support 78.4 Limited personalization
Learner Analysis Component 86.7 Improved learner understanding
Personalized Learning Planning 91.5 Better learning pathway selection
Adaptive Learning Support 94.2 Enhanced learner interaction
Complete Proposed Framework 95.0 Integrated cognitive learning approach

Component-based analysis (Table 2) proves that each component is helpful in enhancing the process
of learning the second language. Learner analysis component assists in recognizing individual learning
needs and the personalized planning component makes sure that the learning activities match the
capabilities of learners. Adaptive learning support component makes things even better because it
constantly modifies learning experiences based on learner's progress.

To sum up, the study proves that the use of cognitive computing in the development of intelligent
second language learning environment is quite effective. Using the proposed framework, it is possible to
solve the limitations inherent to traditional and existing Al-based learning system. Therefore, the use of
cognitive computing is a good educational practice.

Discussion

As can be seen from the results, the presented cognitive computing framework can effectively
facilitate the process of second language acquisition through provision of personalized, adaptive, and
learner-centered approach. Improvement of learning performance implies the importance of taking into
account the individual characteristics, progress, and learning problems of a particular person. In contrast
to the traditional approach based on following the established learning methods, the presented framework
provides opportunities for continuous adaptation and provision of appropriate guidance for a learner.

From the point of view of education, there are several implications of the presented framework for
language educators, institutions, and learners. Language educators can use cognitive computing to gain
deeper insights about students' progress and learning problems and thus develop more effective instruction
methods. Educational institutions can apply intelligent learning systems for implementation of blended and
personalized learning models. Finally, learners can take advantage of tailored learning paths, feedback, and
engagement.

However, there are also some restrictions to this proposal. For cognitive computing technology to be
applied effectively for learners' education, there must be proper data about the learners themselves.
Learners' different backgrounds in education, technology access, and motivation can have an impact on the
efficiency of the technology. Moreover, the use of such systems will require the relevant teacher's
preparation.

Future research might be aimed at building cognitive learning systems for learners with different
language backgrounds. Long-term effects of cognitive computing in language learning, implementation of
immersive technologies, and collaboration between humans and artificial intelligence in teaching can also
be investigated.
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Conclusion

In this study, a Cognitive Computing Framework for Enhancing Second Language Acquisition was
suggested, which includes such elements as learner-centric analysis, personalized learning assistance,
adaptive guidance, and continuous assessment mechanisms. The study took into consideration the
weaknesses of existing approaches to language learning, which typically include standardized instruction
that does not take into account the unique characteristics of learners in terms of their capacity, progress,
motivation, and cognitive needs. The results of the study proved the efficiency of cognitive computing to
create better conditions for second language learning. The results of the evaluation of the proposed model
showed that the proposed approach performed much better than the existing approaches both traditional
and Al-assisted learning. The approach presented in this study showed an overall learning performance of
95.0%, while traditional approaches reached only 71.8% and Al-assisted learning showed 85.8%.
Improvements in such aspects of learning as personalized learning assistance (95.2%), engagement of the
learners (94.5%), improvement of the language skills (96.1%), effectiveness of feedback (94.8%), and
learning adaptability (95.6%) were reported. Such results prove the efficiency of using cognitive computing
models to create more learner-friendly and effective learning environments. Several problems were also
outlined by the study, including the dependency on the availability of learner information, digital
accessibility issues, and the necessity of the ethical management of educational information. The solutions
of the problems mentioned above are important for the implementation of the cognitive computing in
language learning in general. Further investigation might include the implementation of more advanced
conversational agents, immersive technologies such as virtual or augmented reality, and emotion-aware
learning systems to promote the process of second language acquisition. The long-term experiments
conducted with diverse learner population and multilingual settings may help to gain more knowledge
about the efficiency and scalability of the cognitive computing frameworks in language education.
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