
 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 7 July. 2026, pp: 25-33       www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.35629/5252-08072533           | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal       Page 25 

The Enhancement of Socratic Learning Assisted by AI: 

NLP Techniques and Question-Generation Models 

Reviewed Systematically 

Mr. Muralidhar S. Parulekar 1, Prof. Mahesh S. Salunkhe 2, Prof. (Dr.) Ajit S 

Patil 3 
KIT's College of Engineering, Kolhapur, Maharashtra 1,2,  School of Engineering and Management, Dr D. Y. 

Patil University, Kolhapur 3 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 01-07-2026                                                                           Date of Acceptance: 11-07-2026 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

ABSTRACT: Socratic learning is a pedagogical 

technique that uses structured question sets as 

questionnaires or for interviews. In recent years, 

Socratic learning has been revived by Natural 

Language Processing (NLP) and Artificial 

Intelligence (AI). This systematic review aims to 

explore the use of AI models to generate questions 

that help enhance socratic learning. The focus of the 

study is on their adaptability, cognitive engagement 

and the required pedagogical effectiveness. This 

review will explore NLP techniques such as part-of-

speech (POS) tagging, topic modelling, and named 

entity recognition (NER). This along with large 

language models (LLMs) like ProphetNet, 

UniLMv2 and ERNIE-GEN as the modern 

experimental AI techniques, will be looked at. Gaps 

in research will be identified that can help propose a 

hybrid of manual approach and AI technique which 

can improve the ethical consideration and quality of 

questions. This study targets to look for insights into 

the future of Question-Generation Models enhanced 

by AI, thus the implication for the academic 

industry. 

Keywords: Artificial Intelligence, Natural 

Language Processing, Question-Generation 

Models, Adaptive Learning, Socratic Learning 

I. INTRODUCTION 

Background on Socratic Learning and AI’s Role 

in Generating Questions 

Socratic learning (SL) promotes critical 

thinking utilizing structured interview sets or 

questionnaires, since it is derived from the 

traditional pedagogical techniques of Socrates [1]. 

Research has found; SL is a stable dialectic 

discourse in academics since it assists the learners to 

hone and rationalize their learning [2]. SL has 

guided learners all over to ask intriguing questions 

that can contribute to retrospection and deeper 

comprehension. Although, due to the lack of 

teachers who can effectively pose Socratic questions 

have caused a restriction on SL’s scalability [3]. 

Recently, with the rise of the use of NLP and AI, 

Socratic dialogue can be generated automatically, by 

generating questions powered by AI [4]. Creating 

meaningful Socratic questions alongside analysing 

an infinite number of texts and identifying research 

gaps together can help inspire deep learning, critical 

thinking and comprehension in students [5]. This 

review paper intends to study how NLP and AI can 

be used to the advantage of students to foster critical 

comprehensive skills via posing structured 

questions. 

Although AI started off as a basic tool for 

automation, it has grown to an intelligent system that 

can engage any kind of learning experience, either 

being adaptive or interactive or even having content 

and context awareness [6]. Precisely, the emergence 

of generation of questions using AI as a significant 

area of research is only to be able to replicate the 

outcomes of that derived from Socratic learning [7]. 

AI has been able to duplicate human-like posing of 

questions using the amalgamation of LLMs and 

automated algorithms that generate questions—

causing more availability of SL in academics [8]. 

Utilizing SL along with AI algorithms assist in 

expansion of interrogation-based learnings so that it 

reaches more learners to combat the scalability 

issues in classroom settings [9].  

Importance of Generating Questions using AI 

Yong et al., in their study mentioned that 

using AI to pose questions can have a big impact on 

education since it promotes self-reflection and 

develops the cognitive skills of learners [10]. 

Traditional techniques or learning models often 

depended on rote memory and mindless 
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engagement, while using a combination of AI and 

SL to generate questions can encourage 

collaboration of students during work [11]. Worked 

on this aspect stating that learners can receive a self-

regulating system helping them with their skills of 

deduction with the use of automated questioning [3]. 

He also mentions that it helps learners create logical 

arguments and investigate alternate perspectives all 

the while enhancing cognitive development by 

throwing adaptive and personalised challenges at the 

learners. 

Lately, the utilization of AI and SL 

together to generate questions have moved over 

classroom settings and made a head-dive into AI 

chatbots, online or offline tuitions and digital 

platforms. According to Bao et al., when the 

educators use AI enhanced Socratic questions and 

dialogues, they can help sharpen the comprehension 

and creative thinking skills of the learners that can 

assist students to rationalise [12]. It is imperative to 

test how well automated questioning actually works 

since AI is weaving itself even deeper in the 

educational systems [13-14]. 

Research Gaps and Objectives 

Not all content AI produces can be 

technically correct, detailed, or fits the agenda, this 

remains a big hurdle against generating a real 

Socratic dialogue. Now, most systems provide only 

some detailed facts, they generally keep it to giving 

basic content and surface level fact checks rather 

than providing context for high-order debates and 

logical reasoning [15]. A lot of tech firms that run 

on AI do not consider ethical limitations like biased 

wording or dependency on AI bots; it is important to 

bridge such gaps. 

This review sets out to bridge the research 

gap by step-by-step examination of the latest NLP 

tool and machine learning (ML) models that are 

used to generate Socratic commands. It takes a 

detailed look at already known pre-trained and 

automated frameworks—ProphetNet, UniLMv2 and 

ERNIE-GEN—and shows how they can craft 

questions that boost classroom interaction [16]. The 

role of conventional NPL techniques like POS 

tagging topic modelling, and NER is also considered 

which review how these models and techniques add 

depth and context to any given AI generated 

question [17]. By weaving together these findings, 

the review outlines the benefits and hurdles still 

faced by AI-Socratic pedagogy and points to the 

future for stronger human-AI hybrid models. 

Integration of Theoretical Framework 

The theoretical heart of this paper sits 

where SL meets modern NLP and AI tools. From 

even before smartphones came into being, the 

principle that has guided learning in classroom 

settings is that Socrates guaranteed that asking the 

right question often leads to the beginning of 

learning [9]. Engines that utilize NLP aid in tuning 

difficulty, sorting of context and generating 

commands that can be mapped to what each learner 

has already learnt [18]. AI can freshen the tradition 

by composing, delivering, and even adapting those 

questions on the fly. 

Bringing Socratic dialogue creation 

together with smart technology calls for a careful 

plan that respects both human intuition and high-

quality data. In manual Socratic dialogue there are 

integral sophisticated reasoning designs present; to 

achieve this, AI tools have to work beyond just 

automation [8]. When semantic parsing alongside 

NLP methods and discourse analysis is used, it can 

guarantee that the questions generated with the use 

of AI tools should have rational coherence and 

appropriate depth of theoretical content. With the 

combination of Socratic pedagogical principles and 

NLP techniques being used, this manuscript 

proposes the development of discourse on critical 

thinking, assisted by AI. These provide a holistic 

assessment of how such techniques can improve 

modern day education and learning [3].   

II. AI MODELS AND TECHNIQUES IN 

SOCRATIC QUESTIONS 

Overview of AI-Powered Question Generation 

Bringing artificial intelligence into 

Socratic learning has really shaken up the way 

questions are made, letting computers whip up 

queries that fit the moment, spark interest, and 

match the learners level. AI question-generation 

tools now try to mimic the Socratic talk-and-think 

routine, steering students through reflection and 

analysis by tossing out well-timed prompts [19]. 

Instead of leaning on a dusty list, these smart models 

spin out new questions on the fly, reading what the 

learner says, what they already know, and how 

tough the topic is [20]. 

Thanks to leaps in deep learning and 

natural-language understanding, AIs now craft 

Socratic questions that nudge people to rethink 

beliefs, weigh arguments, and spell out their 

thinking. Giant pre-trained language models boost 
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the clarity and depth of those prompts, so they line 

up better with the heavy thinking the Socratic 

classroom aims for [21]. Drawing on all kinds of 

texts, the models use context layers, attention tricks, 

and generative steps to offer inquiries that push 

learners forward. 

III. KEY PRETRAINED MODELS 

FOR SOCRATIC QUESTIONING 

ProphetNet  

ProphetNet takes a fresh angle on question-

making by trying to guess future n-grams instead of 

merely stacking tokens. Because it forecasts several 

upcoming words at once, rather than spitting them 

out one at a time, questions come out smoother and 

more cohesive [22]. That foresight matters in 

Socratic work, where each question must naturally 

lead to the next if the dialogue is to tunnel deep into 

layered thought. The model's pre-training also 

sharpens its sense of teaching aim, so every new 

prompt rests on the last answer instead of hovering 

randomly in the air [23]. Pair that with its strong 

attention layers, and ProphetNet can dial up or dial 

down question difficulty to match what a learner 

already knows, making it fit for smart, responsive 

classrooms. 

UniLMv2 

UniLMv2, or Unified Language Model 

version 2, pushes question-writing further through a 

novel pseudo-masked language task that blends left, 

right, and sequence-to-sequence training in one 

sweep. Building on the original UniLMv2, it 

smooths out long-range dependencies and now 

excels at turning dense paragraphs into open-ended 

Socratic prompts, inviting learners to probe, 

compare, and reason aloud [24]. They help predict 

masked links in texts which means it can adapt to 

numerous scenarios that help generate questions. 

UniLMv2 can create meticulous, insightful and 

intriguing questions that help reflect deeply and 

logical reasoning banking on concepts of the subject 

[25].  

ERNIE-GEN 

ERNIE-GEN, short for Enhanced 

Representation through Knowledge Integration, is a 

pre-trained generative model built to craft better 

questions by weaving together structured facts and 

situational context. Rather than relying on a standard 

transformer pipeline, it uses multi-flow pre-training 

that sharpens the models grasp of meaning and logic, 

letting it produce questions that sound fluent and 

sensible. Because ERNIE-GEN keeps a steady eye 

on the surrounding text, its output suits Socratic 

dialogue, where each follow-up must deepen the 

discussion and move it forward. By sensing hidden 

links between ideas, the model can ask prompts that 

nudge learners to scrutinize connections and draw 

their own conclusions [26]. Tied to external 

knowledge bases, ERNIE-GEN even ventures 

beyond the page, steering students toward wider 

reading and richer thought. 

NLP Techniques for Enhancing Socratic 

Questioning 

Solid NLP tools keep the system honest, 

checking that every AI-crafted Socratic prompt is 

on-topic, grammatically tidy, and truly helpful. 

Techniques like part-of-speech tagging, named 

entity recognition, and semantic role labeling work 

in the background so that the questions not only 

mirror the structure of inquiry-based learning but 

also adjust to each learner's shifting context and 

needs [27]. 

Part-of-Speech (POS) Tagging 

POS tagging, is a basic but essential 

natural-language-processing step that sorts each 

word into its grammatical role as the words appear 

in a sentence, and this classification helps build the 

syntax of an AI-generated question. When the 

system knows which word is a noun, which is a verb, 

or which is an adjective, it can link those parts 

together in a way that sounds correct and stays on 

topic, turning raw data into a Socratic question. For 

instance, because a question and a statement share 

many words, only the tag labels reveal whether the 

outline is meant to ask Is virtue the highest good? or 

to declare Virtue is the highest good, keeping the 

logic of Socratic talk intact [28]. The same labels 

also point the model to action words-such as define, 

compare, or justify-so it can choose those cues and 

frame questions that push learners to analyze ideas 

rather than simply remember them. 

Named Entity Recognition (NER) 

NER plays a similar guiding role by 

searching the text for concrete names, dates, places, 

and key terms, classifying them as it goes. Inside a 

Socratic-dialogue setting, this scanning allows the 

AI to anchor each question in its proper context, so 
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the prompt feels personal and relevant to the subject 

under discussion instead of drifting in from some 

generic lesson [29]. If students are weighing ethical 

theories, for example, the NER system spots 

Aristotle, Kant, and maybe Utilitarianism and 

signals the program to slip those names into the 

question, turning Will that rule always lead to good 

actions? into How would Kant answer whether that 

rule always leads to good actions? and giving 

learners a concrete historical hook. And because the 

same process can catch new or uncommon terms on 

the fly, NER keeps the dialogue adaptable, ensuring 

that each generated prompt matches the evolving 

content of the course. 

Topic Modelling 

Topic modelling sits at the heart of modern 

natural language processing, letting machines sift 

through mountains of text, spot hidden themes, and 

craft questions that homes in on each idea. When a 

model learns how topics spread across a document, 

it can produce Socratic questions that match those 

patterns, keeping classroom conversations on track 

and genuinely related to the reading. Take a talk 

about environmental sustainability: topic modelling 

nudges the AI toward sub-threads like renewable 

energy, climate policy, or ecological ethics, rather 

than tossing out random queries. Because of that 

fine-tuned steer, each question digs deeper into the 

core subject and feels less like a formality [30]. On 

top of that, the system can adjust the level of every 

question on the fly, making it harder or easier once 

it sees where a learner is nodding or hesitating. 

Integrating NLP for Adaptive Socratic Learning 

Put together with part-of-speech tagging 

and named-entity recognition, topic modeling gives 

the AI a sturdy framework and an eye for important 

names, so the resulting questions sound natural and 

spark real interest. Drawing on all three tools, the 

model can also tweak its questions right after a 

student replies, guiding them through a step-by-step 

inquiry that feels orderly [23]. That built-in 

flexibility and structure slashes ambiguity, pushes 

students toward clearer answers, and ultimately 

makes the entire dialogue more engaging and 

productive.  

IV. PEDAGOGICAL IMPACT OF AI 

GENERATED SOCRATIC 

QUESTIONS 

Student Engagement and Critical Thinking 

Students who actively engage in generating 

Socratic questions aided by AI have reportedly been 

more efficient since it fosters curiosity and promotes 

deep retrospection, according to [31] study. They 

also mention that generally, passive education 

models do not allow students to speak of their 

feelings or does not necessarily sharpen one’s 

reasoning skill. SL powered by AI not only evolved 

the process of learning into something interactive, 

but also keeps both teaching and learning into a 

meaningful discourse that also sustains the thirst for 

knowledge.  

V. COGNITIVE LOAD, KNOWLEDGE 

RETENTION, AND ADAPTIVE 

LEARNING 

To Manage Cognitive Load  

The importance of creating and perfecting 

the instructional materials and strategies to stop 

overload in cognition, is the theory of cognitive 

load. Its main aim is to maximize the efficiency of 

learning among students. The cognitive load can be 

lessened by generating and arranging AI questions 

so that it can align with the students’ aptitude and 

work memory. Conventional methods of question 

creation either lead to extremely basic or overly 

complex investigative results [32]. Using adaptive 

questions generated by AI can help restore a balance 

so that students are neither over nor underwhelmed. 

Knowledge Retention Enhancement  

SL enhanced by AI plays the most 

important role since it reinforces students’ memory 

strength and conceptual comprehension. Learning 

that can be effective is more than just basic 

comprehension skills, retaining the information in 

memory for a long time is as important. Tao’s 

cognitive science research points that rote 

memorization can prevent forgetfulness and 

improve retention [33]. Questions that are raised 

with the help of SL alongside AI controls the above 

principle by encouraging learners to apply 

information from memory in different contexts. 

Question proposed by AI lead to an 

iterative learning process. How does this happen? 

It’s a matter of revisiting, reinterpreting, and 

reinforcing things over time. Socratic questioning 

(AI assisted) strengthens synapses [34]. This 

enhances knowledge availability for later use. By 
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reviewing personalized learning patterns, AI models 

can also uncover gaps in knowledge. This then 

ensures that they can pose targeted questions on 

areas of weakness improving long term retention. 

Adaptive Learning  

Adaptive learning is the key concept in 

contemporary educational science [35]. AI-

generated Socratic questioning is a match with this 

principle to suit learning experiences. Questioning 

systems based on AI are responsive to learners’ 

progress and evolve with time. This creates a 

customized learning experience. By using machine 

learning algorithms and NLP methods, AI models 

can determine a student’s expertise level. These 

models would then create Socratic questions that 

are the right difficulty.  

One of the most important advantages of 

learning guided by AI is the iterative questions and 

feedback loops. Students will answer AI-crafted 

questions. The system will then study each answer 

to create subsequent questions that encourage 

deeper learning. This vicious cycle gives feedback 

all the while backing up critical thinking. It also 

ensures students take an active interest in the entire 

learning process. AI-based Socratic questions can 

adapt to different learning styles. These questions 

can include: hypothetical, open-ended, and counter-

argument types to cater to various student-friendly 

approaches [36]. 

Self-Assessment and Peer Learning 

Self-assessment is mostly needed for 

effective learning. It allows students to test their 

understanding and identify areas for improvement. 

They cause learners to think critically about their 

reasoning ability and find answers to their 

hypotheses. Socratic questions have always 

promoted self-reflection. This self-reflection helps 

researchers understand their thought processes 

better than traditional assessment methods. These 

methods, which offer only "right" or "wrong" 

answers, limit self-awareness. In collaborative 

learning environments, AI-generated questions can 

serve as discussion prompts, guiding students 

through structured debates and group analyses. By 

engaging in peer dialogue, students are exposed to 

diverse perspectives, which enhances their ability to 

construct well-reasoned arguments and 

counterarguments [37]. Moreover, AI-generated 

Socratic questioning can facilitate peer tutoring, 

where students take on the role of educators, further 

solidifying their understanding through teaching 

others.  

VI. CHALLENGES AND FUTURE 

DIRECTIONS 

Limitations of Current AI-Based Questioning 

Systems 

Despite advancements in AI-generated 

Socratic questioning, key limitations hinder its 

educational effectiveness. AI models like ERNIE-

GEN, UniLMv2, and ProphetNet improve fluency 

and coherence but often lack the depth and 

contextual awareness required for nuanced Socratic 

dialogue. They produce grammatically correct 

questions, though sometimes they might be shallow. 

By force of being statistical in nature and not about 

understanding properly, they do not encourage 

deeper thoughts [38]. AI is still a black box to a large 

degree, which can make transparency tricky. This 

opaqueness means that educators and teachers 

cannot trust or review AI-built questions. Excessive 

dependence on AI could undermine teachers [39]. 

Such a dependence may result in a diminished 

expressive-human interface and a lack of 

interrogation-strategy adaptation capabilities. 

Artificial intelligence doesn’t have comprehension 

over emotions and subtle responses of replies. This 

constrains its ability mimic human-instructed 

Socratic dialogue [40]. 

Technical and Educational Barriers  

It’s hard to really tune the AI to make great 

Socratic questions in a pinched way. That being 

said, common NLP techniques such as topic 

modeling, NER, and POS tagging are not 

completely safe to use [41]. AI struggles with 

generating follow-up questions that sustain deep 

inquiry. Its high computational demands make real-

time implementation costly. This makes real-time 

implementation inaccessible for resource-limited 

institutions. AI assisting SL can be disrupted due to 

rising privacy issues, so there is an increasing need 

for extremely strict data protection laws and 

regulations [42].  

Socratic questioning is dynamic, requiring 

educators to interpret and refine AI-generated 

inquiries unlike traditional assessments [43]. 

Different levels of digital literacy among students 

have an effect on how they engage with AI-driven 

questioning. Active participation, critical thinking, 

and organized responses are all necessary to make 
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AI questioning effective. AI-generated Socratic 

questioning can work well in education, but it must 

be designed. Creating questions that match students' 

thinking abilities and comfort with technology is 

key. This match helps get the most learning benefit 

from the questions [44]. 

Future Research Opportunities: AI-Human 

Hybrid Models 

To address these challenges, researchers 

should aim to create AI-human hybrid systems. 

These systems can combine the strengths of human 

educators and AI in Socratic questioning. AI should 

not replace human-led discussions but instead act as 

a support tool. It can help by creating, improving, 

and adjusting questions based on how educators and 

students interact [45]. One exciting research 

direction involves exploring Socratic tutoring 

systems where AI kicks off with initial questions. 

Human instructors then guide the conversation, 

tweak the questions as needed, and offer unique 

feedback. This blended method ensures AI-

generated questions stay useful for teaching, while 

educators bring their knowledge and understanding 

of the situation into the process [46]. 

A key research focus is creating 

explainable AI models to generate Socratic 

questions. Better interpretability in these models 

helps teachers see why AI creates certain questions, 

spot any biases, and adjust questions to make them 

better [47]. To reduce bias in creating questions, 

researchers need to explore ethical AI systems. 

These systems should ensure AI uses Socratic 

questioning to include diverse views and promote 

fairness. Adding tools like sentiment analysis and 

affective computing could let AI systems understand 

student emotions and thoughts more. This can make 

AI better at using Socratic methods in personalized 

learning settings [48]. 

VII. CONCLUSION 

Summary of Key Finding  

This systematic review highlights how AI-

guided Socratic questioning can genuinely reshape 

classrooms by lifting student engagement, 

sharpening critical thought, and personalising 

lessons on the fly. By blending artificial intelligence 

with the classic Socratic method, teachers gain a 

future-facing tool that taps cutting-edge natural 

language models- UniLMv2, ProphetNet, ERNIE-

GEN, and others- to drive inquiry-based learning 

[49]. Pilot studies show these systems can hand 

students questions that make sense in context, 

follow a clear logic, and spark deeper reflection, 

echoing Socrates' own style. Still, well-documented 

worries about bias in the algorithms, ethical grey 

areas, and the need for real-world nuance in each 

topic hand educators’ serious obstacles to overcome 

[50]. The review therefore insists that the best results 

appear when AI plays a team role, serving as a 

helpful partner rather than pretending to replace the 

classroom teacher. 

Implications for AI in Education  

The evidence gathered so far suggests that 

AI-supported Socratic questioning could 

meaningfully reshape today’s schools, especially by 

fostering active learning and tailoring instruction to 

each single learner. Such technology promises to 

lighten cognitive load by adjusting to individual 

progress, delivering instant feedback, and 

encouraging students to chase their own questions 

with growing confidence [51]. AI-led Socratic talks 

can brighten online classrooms, making inquiry-

based teaching easier to access well beyond the 

usual brick-and-mortar schools. Yet the ethical and 

tech issues noted here-leaving aside Grassinis call-

show that explainable models, sharpened NLP 

filters, and steady human watch are still must-haves 

if we want the pedagogy to hold up [52]. 

Questioning bots thus need careful placement in 

every syllabus, and teachers themselves must learn 

how to turn the code into a genuine tool for deeper 

inquiry.  

Final Thoughts on AI’s Role in Socratic Learning  

AI can tilt Socratic study on its head, 

scaling personal, philosophical questions and 

pulling learners together in ways that paper handouts 

never could. Shab & Kavathiya warned that 

classroom success hinges on a fine balance between 

human creation and tech flair, although today’s 

prototypes already sketch the blueprint for smart 

Socratic tutors [53]. The real promise lies in guiding 

each student toward clearer insight and next-gen 

systems that do not only ask but also hold context-

sensitive debates. AI that can generate evocative 

questions from context appropriate discourse is the 

future of SL inspired by AI, due to its ability to push 

the leaners into the direction of cognitive 

development. Socratic questioning powered by AI 

can enhance a learner's ability to retain knowledge 

and critically think; this can only be achieved by 
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addressing the challenges faced by human-AI hybrid 

models [54]. 
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