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Abstract
Generative Artificial Intelligence (GenAI) is widely used in education and while there are reports about their
potential use to enhance Smart Learning Environments (SLEs), there is more need of research around this area.
Particularly, this paper identifies three main challenges where researchers should put the focus with GenAI: (1)
extract information from non-structured data, (2) monitor students’ interactions with GenAI, and (3) evaluate
the impact of materials/activities generated by AI. In addition, some preliminary works are presented where
researchers have worked around these ideas to detect errors in language and generate analytics, detect urgent
messages in a forum, analyze students’ activity with GenAI when solving questions, a chatbot to support learning,
a tool to generate questions, and a GenAI-based tool to learn cybersecurity. These works show the potential of
GenAI in SLEs, and invite researchers to further discuss and research in this area.
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1. Introduction

The use of Generative Artificial Inteligence (GenAI) is very common among students, with some reports
claiming that nearly 90% of the students use it [1]. This increasing use of GenAI can be beneficial and
different stakeholders can improve the efficiency of their processes based on that [2]. For example,
teachers can use it to generate materials or support class orchestrations; students to solve doubts when
learning or receive useful feedback. Moreover, GenAI may open new opportunities to innovate and
enhance existing learning environments.

Particularly, Smart Learning Environments (SLEs) are characterized by the use of technology to
transform education, and they have three main core functions: sense, analyze and react [3]. In the past
years, there have been extensive research on how learners behave in different SLEs [4], including hybrid
scenarios (e.g., [5]). However, these SLEs did not include GenAI. Therefore, it is necessary an analysis
on how students’ behave when they interact with GenAI or with activities designed with GenAI. In
addition, given that new learning tasks might be defined with the use of GenAI, there is lack of research
on how GenAI can enhance the materials/activities.

In this direction, this position paper aims to provide some ideas on the main research needs around
the use of GenAI in SLEs, and particularly in the sense and analyze core functions of SLEs related to
learning analytics (LA) research about students’ behaviours while engaging with GenAI.
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2. Challenges of LA in GenAI-enhanced SLEs

The introduction of GenAI in SLEs has produced significant changes in the way courses are taught and
how students learn. As suggested in [6], GenAI can serve to mitigate some of the existing challenges in
SLEs, although they also face some limitations. In connection with LA, it also affects students’ behaviors
and opens the opportunity for new research in LA. Particularly, based on an analysis of current literature
and the authors’ experience in developing SLEs, this work identifies three main challenges:

• Extract information from non-structured data. The analysis of SLEs can be used to generate
students’ models (analyze core function) that could be potentially used to provide feedback (react
core function) [7]. However, these models are developed using mainly quantitative data and the
non-structure data that has been used has been very limited (e.g., length of documents, number
of editions, etc. [8]). Thus, the use of GenAI opens the opportunity to collect new variables
(sense core function). For example, the content of texts produced by the students could be further
analyzed to get more insights about the writing style, register, perceived knowledge, etc. that
cannot be easily obtained from the data. While traditional Natural Language Processing (NLP)
methods have often focused on more limited or surface-level indicators, GenAI allows for a deeper
analysis of these complex text structures. This provides a clearer understanding of students’ work
that goes beyond what was previously possible with traditional techniques. Moreover, this could
also be applied to programming education, and programming code could also be analyzed to
obtain more detailed information about it.

• Monitor students’ interactions with GenAI. One typical research line in LA is the analysis of
students’ behaviours when interacting with learning platforms, and this has often led to research
on predictive models [4]. These analyses are based on analysis of how students interact with
the platform, their interactions with videos, exercises, class attendance, etc. [9]. However, the
introduction of GenAI in SLEs poses new questions about how students interact with GenAI (e.g.,
frequency, reasons to use GenAI, moments when GenAI is used more frequently, etc.). Given that
GenAI contexts are new, a lot of reserach can be done to characterize new behaviors with GenAI
in SLEs, and to enhance or modify current predicitve models to reflect the new possibilities that
GenAI is opening for research.

• Evaluate the impact of materials/activities generated by AI. GenAI can also be used to support
the content generation in the different phases: design of learning objectives, learning materials,
support class orchestration, design evaluations, and design certifications [10]. While the potential
is widely acknowledged and there are some preliminary studies around this (e.g., [11]), there is a
lot of room for further research in this area, and many new applications should be evaluated to
better understand how tools generated with AI should be in the different aforementioned phases
to maximize learning in SLEs. In this regard, existing evaluation frameworks often fail to capture
the specific nuances of GenAI-based interventions. Identifying new indicators that go beyond
general performance or satisfaction is essential to better understand the actual influence of these
tools.

3. Research lines of LA in GenAI-enhanced SLEs

This section presents some research lines in GenAI-enhanced SLEs that aim to address the aforemen-
tioned challenges. They represent preliminary findings or on-going projects or work in these areas.
While these cases address specific challenges independently, they are envisioned as complementary
components of a holistic LA framework. For instance, text-based feature extraction (Section 3.1) can
feed the behavioral models discussed in Section 3.2, which in turn inform the evaluation of the tools
described in Section 3.3.



3.1. Extraction of text-based features using GenAI

In relation to the first challenge, GenAI offers new possibilities to analyze text to extract new features. In
this line, PALABRIA project [12] aims to support learners in their language use by detecting errors that
students often have in their written language. In a first analysis, they focused on the “impersonal you”
phenomenon in Spanish [13], which occurs when directly addressing the person in written language
(as opposed to spoken language in which this is natural and appropriate). For example, ”You must
read this paper before discussing new ideas” should be rewritten as “It is mandatory to read this paper
before discussing new ideas” to avoid using the second person. In order to detect this error, “Mistral-7B-
Instruct-v0.1” model and results of the evaluation of how this model was detected and corrected were
measured with GLEU metric (Generalized Language Understanding Evaluation). Their preliminary
analyses showed a GLEU of 0.85 when detecting this error. The implication of this research means that
it is possible to detect more complext language errors using GenAI, and this allows generating new
features about students’ learning based on their text. This preliminary analysis is based on one specific
phenomenon, but more complex language structure or grammatical errors could be incorporated to
have a linguistic profile of the student. While the project is focused on native speakers who may have
errors when writing reports, this may also enable LA analyses to language learners.

Another case study in this line is the analysis of forum data in Massive Open Online Courses (MOOCs).
Although there have been several works to analyze forum data based on the quantity and quality of
their messages (e.g., [14]), the analyzes are mainly based on Natural Language Processing techniques
(NLP), which focus on the frequency of certain words. However, they have limitations in the way text is
analyzed because the context is not often considered. In this direction, GenAI opens new opportunities
to gather new insights on forum activity in the MOOC. For example, Méndez-Peñalosa Portillo [15]
focused on the detection of urgent messages in a MOOC. He applied a heuristic method and manual
analysis to classify 7,633 messages in urgent and non-urgent. Then, he splitted the dataset in 80% for
training+validation and 20% for test, and the 80% in 80% for training and 20% for validation. For the
training, he used the heuristic value with metadata and the result of applying TF-IDF (Term Frequency
– Inverse Document Frequency) with Regression (RG) and Random Forest (RF). In order to evaluate the
potential of Large Language Models (LLMs), he also used both algorithms with the embeddings produced
by the “Sentence-Transformers all-MiniLM-L6-v2” model instead of the TF-IDF. His results show that
embeddings improved the detection of urgent messages (recall improves from 0.93 to 0.94 in RG and
from 0.92 to 0.94 in RF), but the precision dropped (from 0.78 to 0.75, and 0.83 to 0.70, respectively) in
both cases as there were more false positives. This highlights a context-precision trade-off for LLM
embeddings in learning analytics, and it supposes that the LLM approach might not always be the best,
although further research is needed to better leverage the potential.

3.2. Analysis of students’ behaviours when using GenAI

The analysis of new behaviors when using GenAI can be divided in two possibilities: (1) engagement
with learning tools that use GenAI internally, or (2) use of GenAI to solve learning activities that could
be done without using GenAI.

In the first case, it is possible to also refer to the blended project and the tool to detect language
errors. When students engage with these tool, which internally uses GenAI, it is possible to collect new
indicators, e.g., frequency of errors in one text submission, frequency of errors considering several text
submissions, number of errors the students fix after using the tool, index of improvement of errors
in consecutive submissions, etc. While this indicators are not specific about the use of GenAI, these
indicators can be obtained because of the use of GenAI, so GenAI enables the analysis of new behaviors
to enhance LA models.

The second approach is to analyze the interactions that students have with GenAI when solving
tasks that are could also be solved without GenAI. In this line, Moreno-Marcos [16] presented a poster
of a teaching innovation experience where students had to solve questions about C programming and
they could use hints generated by AI or prompts. Results showed that 70% used hints to solve the



exercises and 80% used additional prompts. Moreover, 70% reported that they feel they have enough
capabilities to make prompt, 65% indicated that the hints provided by the AI were useful/very useful
and 60% admitted that hints helped their reflection.

3.3. Development of tools with GenAI to support learning in SLEs

The last research line is about the development of new tools that involve GenAI to enhance learning in
SLEs. In this line, it is possible to evaluate the impact of new tools to measure their impact. Coming
back to the PALABRIA project, an example of tool to detect language errors with AI, generate indicators
about how students interact with the tool to use LA, and provide feedback to learners also reflects the
three main core functions of SLE: (1) sense, with the generation of indicators; analyze, with the analysis
of those indicators; and (3) react, with the provision of feedback.

Another example is the chatbot presented in [17]. This chatbot was used in a course about Java
programming and it used the RAG (Retrieval-Augmented Generation) technique to provide course-
specific answers by using the videos, quizzes programming exercises and other materials. They collected
1,059 messages sent by the students, and their results showed that the main use of the chatbot was
to clarify concepts and explain code snippets. In this case, this tools allows enhancing the learning
experience, while also promoting LA with the analysis of messages.

Other works have focused on question generation based on GenAI. For example, authors in [18]
developed a tool to generate multiple-choice and short questions using Gemini. In their analysis, they
found that the quality of multiple-choice questions was higher in terms of appropriateness for the
course, exams and correctness of questions. In addition, it was found that while questions could be
related to the course, their suitability for exams could be improvable. They also found that the inclusion
of the syllabus in the prompts barely improved the appropiateness of the questions and answers but
significantly improved the suitability for exams. This also proves that teachers can benefit from GenAI
with the support of question generation.

This topic of question generation with GenAI was also addressed by Pérez López [19]. He developed
CyberX, a mobile application to support learning of the cybersecurity basics. He developed several
functionalities. The first one includes simulations, where users could practice with real scenarios to
detect phising, scams, fraudulent websites and insecure passwords. For that functionality ChatGPT
is used to generate new scenarios so that users can practice. The second functionality includes ques-
tionnaires, with multiple-choice questions and the use of ChatGPT to increase the pool of questions.
The third functionality is related to the react function of SLEs, where some pieces of advice are shown
depending on the user activity. This is implemented by combining neural networks to detect the areas
where the user needs to improve and ChatGPT to generate feedback. The fourth functionality includes
a chatbot so learners can ask questions, the fifth one includes recent news about the topics and the last
one provides some charts and statistics about the performance of the user (LA). Therefore, the tool
combines LA and GenAI to enhance the learning experience of cybersecurity.

4. Conclusions

This paper has illustrated the potential of GenAI to enhance SLEs, and it has provided several challenges
and research lines in which researchers could work further. Particularly, it has been identified that more
research is needed to extract information from non-structured data, monitor students’ interactions
with GenAI and evaluate the impact of tools which involve GenAI. In this direction, some preliminary
works have been presented in which text is analyzed to detect language errors and obtain LA indicators,
detect urgent messages in MOOCs, analyze how students solve programming questions with GenAI,
interactions with a chatbot about programming, a tool to generate questions and a tool to enhance
learning about cybersecurity.

The preliminary cases presented in this work are not isolated efforts but represent stages of an
integrated SLE cycle. For instance, the analysis of language errors and LA indicators (as implemented in
the PALABRIA tool) demonstrates how extracting insights from unstructured text (Challenge 1) is the



prerequisite for meaningful behavioral monitoring (Challenge 2). An integrated scenario would involve
using these GenAI-driven linguistic analytics to provide personalized scaffolding, while simultaneously
measuring the students’ cognitive load and the accuracy of their progress (Challenge 3). Future research
should focus on closing this loop to provide a holistic support system for learners.

However, several difficulties remain when addressing these challenges, such as the high cost of
manually validating GenAI outputs to ensure pedagogical reliability and the lack of standardized metrics
to measure the quality of student-AI interactions. As concrete next steps, the research community should
prioritize the creation of shared evaluation frameworks and the development of real-time analytics that
can be easily integrated into existing SLEs. Addressing these technical and methodological hurdles is
essential to move from experimental pilots to scalable, evidence-based educational tools.

Ultimately, the works mentioned in this paper show the potential of GenAI, and they invite researchers
to work around these areas to improve SLEs, with a crucial focus on defining new LA metrics and
models designed to effectively measure the impact of GenAI-generated outputs and student-GenAI
interactions.
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