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Abstract 
Integrating generative artificial intelligence into higher education is transform-
ing how students seek information, formulate ideas, and produce academic 
knowledge. Although these technologies can support personalised learning, 
feedback, and content understanding, their seemingly authoritative responses 
may encourage uncritical acceptance, cognitive delegation, and reduced meta-
cognitive engagement. This critical, interpretive narrative review analyses the 
relationship between epistemic agency, epistemic emotions, tolerance of un-
certainty, and students’ interaction with generative artificial intelligence. Draw-
ing on contributions from Educational Psychology, epistemic cognition, self-
regulated learning, and research on artificial intelligence in education, it is ar-
gued that meaningful use of these tools depends on students’ ability to formu-
late questions, evaluate information, tolerate ambiguity, regulate emotional re-
sponses, and justify academic decisions. The article discusses the roles of curi-
osity, surprise, confusion, doubt, frustration, and anxiety, highlighting that these 
emotions may promote inquiry or favour premature acceptance, depending on 
how they are interpreted and regulated. The article also addresses the risks of 
cognitive delegation and metacognitive passivity, proposing pedagogical strat-
egies centred on verification, source comparison, reflection, and justification 
of decisions supported by artificial intelligence. It concludes that higher edu-
cation should teach students not only to use artificial intelligence, but also to 
question, evaluate, and integrate it responsibly.  
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1. Introduction 

The rapid expansion of generative artificial intelligence (GenAI) is transforming 
learning, research, and academic production practices in higher education. Tools 
that can produce texts, summarise documents, translate content, explain con-
cepts, suggest arguments, and provide feedback have become part of the daily lives 
of many students and teachers. These technologies can support personalised 
teaching, facilitate access to content, and create new opportunities for practice and 
clarification. However, they also raise important questions about students’ intel-
lectual autonomy, the nature of cognitive effort, and the conditions necessary for 
their use to effectively contribute to deep learning. 

The presence of these systems in the academic context should therefore not be 
assessed only in terms of speed or productivity. We need to understand how they 
influence students’ relationship with knowledge. When used judiciously, genera-
tive AI can support the planning, monitoring, and evaluation of the learning pro-
cess. Lan and Zhou (2025) identified potential in different AI applications to sup-
port distinct phases of self-regulated learning (SRL), including goal setting, per-
formance monitoring, and evaluation of the process itself. However, the authors 
also emphasise the need to ensure that agency remains centred on the student and 
is not transferred to the technological system. 

In this context, learning with GenAI requires more than technical skills: it in-
volves exercising epistemic agency, understood as the ability to participate actively 
in formulating, evaluating, justifying, and revising knowledge. It also presupposes 
recognising the role of emotions in the cognitive process and developing the ca-
pacity to deal with uncertainty, ambiguity, and doubt. Learning with artificial in-
telligence therefore implies learning to question its responses and to evaluate the 
foundations on which they rest. 

1.1. Generative Artificial Intelligence in Higher Education 

Generative AI differs from traditional technological applications by producing 
new content from patterns identified in large volumes of data. In higher educa-
tion, it can support research, explain concepts, generate examples, organise ideas, 
revise texts, translate documents, create study questions, and provide preliminary 
feedback. Its versatility allows integration across different scientific fields and at 
various stages of the learning process. 

The literature has highlighted several pedagogical possibilities associated with 
these tools. Kasneci et al. (2023) note that language models can support learning 
through personalised explanations, interactive dialogue, and adaptation to stu-
dents’ needs. Lan and Zhou (2025) likewise identified applications such as chat-
bots, adaptive feedback systems, serious games, and intelligent digital textbooks 
that can support different stages of SRL. Zawacki-Richter et al. (2019) had already 
identified, within artificial intelligence in higher education, applications related to 
assessment, personalisation, adaptive systems, and intelligent tutors. Artificial in-
telligence can thus increase content accessibility, support different learning paces, 
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and offer additional opportunities for practice and clarification. 
Personalisation is one of the main potential benefits of artificial intelligence in 

education. A system can adapt the language, level of difficulty, or type of explana-
tion according to the student’s responses. This possibility is particularly relevant 
in university contexts characterised by diversity in prior knowledge, language 
skills, and academic objectives. However, technological personalisation does not, 
in itself, guarantee understanding or pedagogical appropriateness. A response tai-
lored to the request may be incomplete, decontextualized, or scientifically incor-
rect. 

Bender et al. (2021) warned that language models may produce plausible texts 
without truly understanding the meaning of the statements presented. This prob-
lem is particularly important in higher education, where knowledge requires 
grounding, contextualisation, and an explicit relationship with evidence. The flu-
ency of a response does not, in itself, constitute a guarantee of its validity. Simi-
larly, chatbots can facilitate dialogue and individualised support, but they may 
also raise concerns about information accuracy, technological dependence, and 
academic integrity (Tlili et al., 2023). 

Generative AI can alter the relationship between the student, the tool, and the 
academic product, particularly when the system helps develop arguments, organ-
ise literature reviews, or write assignments. In these situations, it is important to 
consider who defines the objectives, evaluates the quality of the responses, and 
assumes responsibility for the decisions made. AI can support autonomy by stim-
ulating question formulation, analysis, and reflection, but it can also weaken it 
when it replaces essential cognitive operations. Its pedagogical integration should 
therefore preserve student agency, teacher oversight, and critical evaluation of the 
results (UNESCO, 2023). The tool’s educational value depends not only on its 
functionality but also on the quality of the interaction and the judgement exer-
cised by the student. 

1.2. The Problem of Uncritical Acceptance 

Uncritical acceptance occurs when students use AI-produced content without 
properly evaluating its accuracy, relevance, origin, or appropriateness. This be-
haviour may be encouraged by the linguistic fluency of responses, the speed of 
production, and the apparent confidence with which they are presented. The con-
vincing form of a response can thus be confused with its validity (Bender et al., 
2021; Kasneci et al., 2023). 

The problem is particularly relevant in higher education because academic 
learning is not limited to acquiring information. It involves distinguishing argu-
ments, interpreting evidence, recognising limitations, comparing perspectives, 
and constructing justified positions. When AI provides an apparently complete 
response, students may stop formulating their own hypotheses, seeking alterna-
tive sources, or confronting the difficulty inherent in understanding complex 
problems (Tlili et al., 2023). 
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Uncritical acceptance can take the form of cognitive delegation. Some routine 
tasks can be transferred to a technological tool, allowing students to focus on more 
complex activities. However, when AI begins to perform operations such as inter-
preting, arguing, evaluating, or deciding, delegation begins to replace essential 
learning processes. A form of metacognitive passivity may thus emerge: the stu-
dent recognises an explanation as clear, but cannot reconstruct the reasoning, ap-
ply it to a new situation, or identify possible errors (Lan & Zhou, 2025). 

Emotions play an important role in this process. Anxiety in the face of a difficult 
task may lead to the immediate search for an answer that reduces discomfort, 
while frustration may favour giving up or accepting the first explanation provided. 
On the other hand, curiosity and doubt may stimulate new questions, comparison 
of sources, and deeper investigation (Pekrun, 2006; Vogl et al., 2020). The influ-
ence of emotions depends, however, on the context and on how they are regulated. 

Tolerance of uncertainty constitutes another decisive dimension. Academic re-
search frequently involves incomplete information, contradictory results, and 
provisional conclusions. If students expect AI to eliminate all uncertainty, they 
may interpret ambiguity as a failure and fluency as evidence of truth. Critical use 
of AI therefore requires verification, source comparison, and recognition of the 
system’s limitations (Bender et al., 2021; UNESCO, 2023). 

1.3. Objective, Guiding Question and Scope of the Review 

This article critically analyses the relationship between epistemic agency, epis-
temic emotions, tolerance of uncertainty, and the use of generative artificial intel-
ligence in higher education, seeking to understand its implications for autonomy 
and the quality of learning. 

The guiding question is: How can epistemic agency, emotions, and tolerance of 
uncertainty contribute to a more critical, self-regulated, and responsible use of 
generative artificial intelligence in higher education? 

The article adopts a narrative review of a critical and interpretive nature. It does 
not seek to provide an exhaustive or statistical synthesis of the literature, nor does 
it follow a systematic review protocol. Instead, it integrates selected contributions 
from educational psychology, epistemic cognition, SRL, emotional regulation, 
and research on artificial intelligence in education, identifying conceptual conver-
gences, theoretical tensions, and pedagogical implications. 

The literature informing this review was identified through searches of Scopus, 
Web of Science, and ERIC, complemented by the examination of reference lists in 
relevant publications to identify additional contributions. The selection of publi-
cations was guided by their conceptual and empirical relevance to the review’s 
central focus, particularly the relationships between epistemic agency, epistemic 
emotions, tolerance of uncertainty, self-regulated learning, and human-AI inter-
action in higher education. The literature considered included theoretical contri-
butions, empirical studies, and relevant reviews from educational psychology, ep-
istemic cognition, self-regulated learning, and research on artificial intelligence in 
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education. The selected literature was synthesised through a critical, thematic, and 
interpretive approach, integrating complementary theoretical perspectives and 
empirical findings while identifying convergences, tensions, and implications for 
educational practice. Consistent with the narrative nature of the review, the aim 
was conceptual integration rather than exhaustive coverage or quantitative aggre-
gation of the available evidence. 

The central thesis is that the responsible integration of AI in higher education 
depends not only on access to the tools or the technical ability to use them, but 
also on students’ ability to formulate questions, evaluate responses, and assume 
responsibility for their judgements. Learning to question artificial intelligence 
thus constitutes a fundamental dimension of epistemic autonomy and of students’ 
active participation in their own learning. 

2. Conceptual Foundations 

The growing presence of GenAI in higher education is modifying the conditions 
under which students access, process, evaluate, and produce knowledge. Genera-
tive systems can participate directly in activities that traditionally required signif-
icant cognitive engagement from students, such as explaining concepts, generat-
ing ideas, synthesising information, proposing solutions, reformulating argu-
ments, and producing texts. This transformation is not merely the introduction 
of a new technological tool into established learning environments. It raises 
deeper questions about how knowledge is constructed, the criteria students use to 
evaluate claims, and students’ epistemic responsibility when part of a task is car-
ried out through interaction with AI systems. 

In this context, the educational use of GenAI should not be analysed exclusively 
in terms of its potential or risks. Its relevance to learning also depends on how 
students interpret, question, evaluate, and integrate the content the systems pro-
duce. The UNESCO guidance (Miao & Holmes, 2023) emphasises the need for a 
human-centred approach in which GenAI use preserves human agency and is 
framed by pedagogical, ethical, and educational purposes. Recent reviews of 
GenAI in higher education likewise reinforce the idea that its effects are deter-
mined not only by the technological capabilities of the systems, but also by how 
these are incorporated into teaching and learning activities (Xia et al., 2024). 

Within this framework, three conceptual dimensions are particularly relevant 
to the present article’s theoretical foundations: the relationship between GenAI 
and university learning, epistemic agency as a dimension of knowledge construc-
tion, and the role of epistemic emotions, uncertainty, and SRL. These dimensions 
are interconnected and make it possible to understand learning with AI beyond a 
logic centred on efficiently obtaining answers, placing students’ active participa-
tion in the construction, evaluation, and regulation of knowledge at the centre. 

2.1. Generative Artificial Intelligence and University Learning 

GenAI refers to systems capable of producing new content from instructions pro-
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vided by users, including text, code, images, and other forms of representation. In 
higher education, large language models have become particularly relevant be-
cause they can interact with students through discursive responses, explanations, 
reformulations, examples, and suggestions. This characteristic distinguishes 
GenAI from many earlier digital resources, since students can interact with the 
system during the learning activity itself, rather than merely using it as a source 
of information. 

Recent research has identified various educational possibilities associated with 
the use of GenAI. It can facilitate access to explanations, support idea generation, 
provide immediate feedback, present concepts in different ways, and contribute 
to more individualised learning processes. In this context, Xia et al. (2024) con-
ducted a scoping review specifically examining how GenAI is transforming assess-
ment in higher education. Their review of 32 empirical studies examined implica-
tions for students, teachers, and institutions, highlighting opportunities and chal-
lenges associated with assessment practices and institutional responses. Studies on 
SRL likewise suggest that AI-based tools can support planning, monitoring, and 
reflection when integrated into activities with explicit pedagogical objectives (Ng 
et al., 2024; Xu et al., 2025). 

However, getting an answer quickly does not necessarily mean learning occurs. 
University learning involves cognitive activities through which students interpret 
information, relate new content to prior knowledge, evaluate evidence, identify 
inconsistencies, and construct well-founded interpretations. GenAI can facilitate 
some of these operations, but it can also make the cognitive work required to per-
form them less visible. As Bearman and Ajjawi (2023) emphasise, integrating AI 
into teaching requires students to learn to work with systems whose internal pro-
cesses are not fully transparent, while maintaining a critical relationship with their 
outputs. 

This issue is particularly important because generative systems can produce lin-
guistically coherent responses without such coherence, in itself, constituting a 
guarantee of accuracy or validity. The fluency of responses can make the need to 
verify content less evident and create an appearance of authority that requires user 
evaluation. Reviews of AI-based dialogue systems have therefore highlighted the 
risk of excessive dependence and the possible consequences of uncritical ac-
ceptance of generated content (Zhai et al., 2024). The fundamental educational 
question is consequently not merely whether AI can provide an answer, but how 
the student cognitively interprets and uses that answer. 

GenAI should therefore be understood as part of the cognitive and pedagogical 
environment in which learning takes place, rather than simply as a neutral instru-
ment. Its use can redistribute certain cognitive activities, making some tasks more 
accessible or partially externalising aspects of the learning process. This redistri-
bution can be pedagogically productive when it expands opportunities for explo-
ration and reflection, but it can also reduce student engagement if it replaces op-
erations that are essential to the learning process itself. At this point, student 
agency becomes especially important, since the quality of learning depends not 
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only on access to AI-generated content but also on students’ active participation 
in interpreting and integrating it. 

2.2. Epistemic Agency and Knowledge Construction 

Epistemic agency concerns the student’s active participation in the processes 
through which knowledge is produced, evaluated, used, interpreted, and trans-
formed. The concept goes beyond a generic understanding of agency as the capac-
ity to act autonomously, because it focuses attention on the individual’s relation-
ship with knowledge: what they accept or question, the sources they consider rel-
evant, the arguments they seek to support, and the interpretations they construct. 

This perspective is close to constructivist and sociocultural traditions that un-
derstand learning as an active process of meaning construction. It is also related 
to research on epistemic cognition, which analyses how individuals understand 
knowledge and the processes of knowing, including issues concerning certainty, 
sources, justification, and the limits of claims. In higher education, epistemic 
agency adds a dimension of participation and action to these perspectives. Damşa 
et al. (2010), for example, conceptualised shared epistemic agency through dimen-
sions related to producing and sharing ideas and defining and monitoring goals. 

This conception has been developed in different educational contexts. Heikkilä 
et al. (2020) highlighted the importance of students recognising themselves as ac-
tive participants in knowledge-related activities, while Zhang et al. (2022) showed 
how epistemic agency can involve students’ participation in defining and trans-
forming the processes of research and knowledge construction. In higher educa-
tion, Nieminen and Ketonen (2024) propose a conceptualisation that is particu-
larly relevant to the present argument, understanding epistemic agency as an ac-
tive relationship with knowledge that involves evaluating, producing, using, and 
transforming it. 

This dimension becomes particularly relevant when students work with GenAI. 
A generative system can produce an explanation, suggest an interpretation, or 
present an argument, but the content produced does not automatically acquire 
the status of valid knowledge. Using it for learning implies that the student deter-
mines the meaning, relevance, and place this content can occupy in the process of 
knowledge construction. The availability of AI-generated information therefore 
does not eliminate the need for epistemic participation; it may even make it more 
relevant. 

In this sense, it is important to distinguish between generating information and 
constructing knowledge. GenAI produces linguistic and symbolic representa-
tions, but learning depends on how these representations are examined and inte-
grated by the student. Constructing knowledge involves relating new information 
to prior knowledge, recognising relationships and contradictions, evaluating evi-
dence, and developing well-founded interpretations. Epistemic agency thus con-
stitutes a central dimension of the student’s participation in this process, prevent-
ing the use of AI from being reduced to the simple reception or transfer of an-
swers. 
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This distinction is particularly important in an environment in which part of 
textual and informational production can be automated. Epistemic agency should 
not be understood merely as an additional competence, but as a way for the stu-
dent to position themselves in relation to knowledge as a user, producer, and po-
tential transformer (Nieminen & Ketonen, 2024). Within this framework, the ed-
ucational question is not to preserve a rigid separation between student activities 
and technology-supported activities, but to understand how student participation 
can remain active and intellectually meaningful when generative systems become 
part of learning tasks. 

Epistemic agency thus establishes a conceptual bridge between the technologi-
cal transformation introduced by GenAI and the cognitive and regulatory pro-
cesses involved in learning. The question is no longer merely what AI can produce, 
but also the role that the student plays in attributing meaning and epistemic value 
to the content produced. This shift in focus prepares the analysis of epistemic 
agency specifically in human-AI interaction, developed in the following chapter. 

2.3. Epistemic Emotions, Uncertainty and Self-Regulated Learning 

Knowledge construction is not an exclusively cognitive process. Students experi-
ence emotions associated with knowing, questioning, discovering, understanding, 
or not understanding. Curiosity, surprise, confusion, doubt, interest, and frustra-
tion can accompany different moments of epistemic activity and influence how 
students respond to new, complex, or contradictory information. Pekrun and Lin-
nenbrink-Garcia (2014) situated epistemic emotions within the affective processes 
relevant to learning. Muis et al. (2018) further developed this theoretical perspec-
tive by synthesising research on personal epistemology, epistemic emotions, and 
SRL, outlining how epistemic emotions may facilitate or constrain planning, mo-
tivation, the use of cognitive and metacognitive strategies, and learning outcomes. 
Empirical evidence for the mediating role of epistemic emotions was provided by 
Chevrier et al. (2019). Across two studies, these authors examined the relation-
ships between epistemic cognition, epistemic emotions, self-regulatory strategies, 
and learning in the context of complex and conflicting information. Their find-
ings indicated that epistemic emotions mediated relationships between epistemic 
beliefs and learning strategies, while the analyses also supported a mediated path-
way linking epistemic beliefs, emotions, learning strategies, and learning achieve-
ment. These findings support the relevance of epistemic emotions to self-regula-
tory processes, although they do not establish that the same relationships neces-
sarily occur during interaction with generative AI. 

These emotions matter because they are not merely secondary reactions to cog-
nitive processes. Curiosity, for example, can favour metacognitive engagement, 
while surprise can stimulate the reconsideration of unexpected information. Emo-
tions associated with knowledge can therefore shape the cognitive and regulatory 
processes themselves, influencing decisions to continue exploring a question, seek 
additional information, or reconsider an interpretation. 
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Uncertainty occupies a central place in this process. Encountering incomplete, 
contradictory, or ambiguous information can create epistemic tension that re-
quires further activity. For SRL, this situation can trigger monitoring, evaluation 
of understanding, selection of strategies, and eventual adaptation of behaviour. 
Uncertainty therefore does not necessarily obstruct learning; its meaning depends 
on how the student interprets and regulates it. 

The presence of GenAI changes the conditions under which students experi-
ence this uncertainty. Faced with a difficult concept, a question without an imme-
diate answer, or a contradictory interpretation, the student can instantly request 
an explanation from the system. This possibility can support learning when the 
response provides a starting point for investigation and reflection. However, it can 
also reduce the need to remain with an unresolved question for a time. The im-
mediate availability of an answer can thus modify not only access to information, 
but also the conditions under which the student monitors their own understand-
ing. 

The integration of epistemic emotions and tolerance of uncertainty adds a pro-
cess-oriented dimension to existing frameworks of epistemic agency. Whereas 
these frameworks emphasise students’ active participation in evaluating, justify-
ing, and transforming knowledge (Nieminen & Ketonen, 2024), research linking 
epistemic cognition, epistemic emotions, and self-regulated learning highlights 
the role of emotional processes in shaping regulatory activity (Muis et al., 2018). 
Building on these contributions, the present review proposes a conceptual mech-
anism involving three interrelated processes: appraisal of uncertainty, emotional 
regulation, and epistemic decision-making. When students recognise gaps, incon-
sistencies, or insufficient evidence in AI-generated content, their appraisal of 
these uncertainties may elicit curiosity or doubt, encouraging further investiga-
tion, or frustration and anxiety, which may increase the desire for immediate clo-
sure. The way students regulate these responses may then influence whether they 
verify claims, compare sources, and seek corroborating evidence, or accept the 
generated content without further examination. Tolerance of uncertainty may 
help students remain engaged with unresolved questions long enough to evaluate 
the reliability of a response, whereas difficulty managing uncertainty may favour 
premature acceptance, particularly when AI-generated content appears fluent and 
authoritative. This proposed mechanism extends existing conceptualisations by 
specifying how emotional and regulatory processes may shape the enactment of 
epistemic agency in human-AI interaction; its specific relationships require fur-
ther empirical investigation. 

SRL involves goal setting, monitoring, evaluation, and adaptation, articulated 
through cognitive, motivational, emotional, and behavioural dimensions (Pa-
nadero, 2017; Zimmerman, 2002). When learning occurs in AI-mediated environ-
ments, these processes develop in a context where students have an additional, 
highly responsive source of information and assistance. 

Recent research suggests that GenAI can support self-regulatory processes 
when an adequate metacognitive structure is present. Xu et al. (2025), for example, 
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found that metacognitive support matters for SRL in GenAI environments, rein-
forcing the idea that the mere presence of technology does not guarantee regulated 
use. Similarly, studies on ChatGPT and SRL point to possibilities for supporting 
proactive learning and reflection, but also show the importance of how the inter-
action is pedagogically structured (Ng et al., 2024). 

Thus, the question is not to determine whether certainty is preferable to uncer-
tainty or whether epistemic emotions are positive or negative. The central point 
is to understand how students use these states to guide cognitive and regulatory 
activity. Uncertainty can trigger investigation, surprise can lead to revising an in-
terpretation, and curiosity can sustain exploration; conversely, the need to obtain 
an answer quickly can lead to premature closure of an investigative process. 

Taken together, these foundations make it possible to establish a conceptual 
sequence for understanding learning in GenAI-mediated contexts. Technology 
modifies the informational and cognitive environment of learning; epistemic agency 
defines the student’s active participation in the relationship with knowledge; and 
epistemic emotions, uncertainty, and self-regulation help explain how this partic-
ipation is sustained, guided, and adjusted. The central question thus shifts from 
an analysis of the capabilities of the technology to an analysis of the relationship 
between technology, student, and knowledge. Figure 1 synthesises the relation-
ships between epistemic agency, epistemic emotions, tolerance of uncertainty, and 
self-regulated learning. The conceptual framework illustrates their reciprocal in-
teractions and their relevance to promoting critical and responsible use of gener-
ative artificial intelligence in higher education. 
 

 
Figure 1. Conceptual framework of epistemic agency, epistemic emotions, tolerance of uncertainty, and 
self-regulated learning in generative AI-mediated contexts. Source: Author’s own elaboration, based on the 
conceptual integration of the literature reviewed in this article. Note. The relationships shown are concep-
tual and do not represent empirically demonstrated causal effects. 
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From this framework, the following chapter examines epistemic agency in hu-
man-AI interaction more specifically. 

3. Epistemic Agency in Human-AI Interaction 

The integration of GenAI in higher education changes not only the resources 
available for learning, but also how students participate in knowledge-related ac-
tivities. When a generative system produces explanations, interpretations, argu-
ments, or syntheses, part of the cognitive activity begins to take place in an inter-
action between student and system. This configuration can expand the possibili-
ties for exploration and elaboration, but it also introduces a fundamental question: 
who formulates the questions, evaluates the responses, decides what to accept, and 
assumes responsibility for the conclusions? Epistemic agency thus becomes par-
ticularly relevant for understanding the nature of student participation in AI-me-
diated learning environments. 

3.1. From Instrumental Use to Epistemic Participation 

The use of digital technologies in learning has often been conceptualised in in-
strumental terms: technology is a resource students use to seek information, per-
form a task, or communicate a result. GenAI introduces a different configuration 
because it is not limited to providing previously organised information. Genera-
tive systems respond to requests, reformulate problems, propose alternatives, and 
produce content that can become an object of analysis and transformation during 
the learning activity itself. The relationship therefore ceases to be exclusively be-
tween student and resource and becomes an interaction in which the system par-
ticipates in producing the representations that the student subsequently interprets 
and evaluates. 

This transformation does not imply that AI acquires, in itself, the status of an 
epistemic agent equivalent to the student. The central point is to understand how 
the student’s epistemic activity is reorganised when a generative system carries 
out part of the operations of producing and transforming information. Nieminen 
and Ketonen (2024) emphasise that epistemic agency involves an active relation-
ship with knowledge, which is particularly relevant when students need to assume 
responsibility for how knowledge is produced, evaluated, and used. In the context 
of AI, this responsibility includes the ability to question the system’s output, com-
pare it with other sources, and decide what role it can play in knowledge construc-
tion. 

Recent research has begun to address this issue more specifically. Wu et al. 
(2025) conceptualise human epistemic agency in interaction with generative AI as 
an active dimension of the learning partnership, emphasising the need to preserve 
reflective epistemic positions and human judgement in relation to system-pro-
duced content. Similarly, Tian et al. (2025), in a study with university students, 
found that they recognised ChatGPT’s usefulness in certain epistemic activities, 
but also the need to keep evaluation of the truth and validity of the content pro-
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duced under human responsibility. This perspective aligns with the notion of ep-
istemic co-agency, according to which interaction with generative systems can 
constitute a shared cognitive activity without eliminating the student’s epistemic 
responsibility (Samuel, 2025). 

Within this framework, it is important to distinguish between using AI to ob-
tain an answer and using AI to develop an epistemic activity. In the first case, the 
interaction may end when the system provides seemingly satisfactory content. In 
the second, the response constitutes merely an intermediate element in a process 
that may include questioning, comparison, reformulation, seeking evidence, iden-
tifying inconsistencies, and revising interpretations. The difference is therefore 
not simply in the presence of the technology, but in the role that the student plays 
in relation to what is produced. 

GenAI can thus expand the space for exploration without transferring respon-
sibility for epistemic decision-making to the technology. The student can request 
an alternative explanation, ask for counterarguments, test an interpretation, or 
use the system’s response as an object of criticism. Recent work on epistemic co-
agency suggests precisely that interaction with AI outputs can involve questioning 
assumptions, identifying contradictions, and maintaining responsibility for the 
knowledge constructed. 

In this sense, a pedagogically meaningful use of GenAI does not require the 
student to systematically reject or accept its content, but to maintain the capacity 
to evaluate its relevance and decide what status to attribute to it in the learning 
process. Human-AI interaction thus becomes epistemically relevant when the sys-
tem’s generative capacity remains articulated with the student’s judgement. 

3.2. Cognitive Delegation and Metacognitive Passivity 

The possibility of transferring certain operations to generative systems introduces 
a second dimension of epistemic agency: cognitive delegation. Cognitive offload-
ing describes situations in which individuals use external resources to reduce or 
redistribute a task’s cognitive demands (Risko & Gilbert, 2016; Risko & Dunn, 
2015). This externalisation is not necessarily problematic. Tools, notes, calcula-
tors, and other external supports allow cognitive operations to be distributed and 
free up resources for more complex activities. 

The issue changes when delegation involves precisely those operations that 
form part of the process the student should learn to perform. A generative system 
can summarise a text, organise arguments, propose an interpretation, identify 
possible answers, or produce a first version of an assignment. These functions can 
reduce the demands associated with certain tasks and, under some conditions, 
support learning. However, when the student accepts the result without recon-
structing the reasoning underlying it, externalisation can replace a relevant cog-
nitive operation. 

Recent research has drawn attention to the relationship between AI-assisted 
performance, perceived effort, and metacognitive monitoring. In an experimental 
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study with university students, Urban et al. (2024) found that ChatGPT improved 
performance on a creative problem-solving task, with higher ratings for the qual-
ity, elaboration, and originality of the solutions. Participants using ChatGPT also 
perceived the task as easier and as requiring less mental effort. However, the ef-
fects on metacognitive monitoring accuracy were inconclusive: although absolute 
accuracy did not differ significantly between the groups, the relationship between 
students’ self-evaluations and their actual performance suggested difficulties in 
calibrating these judgements. Perceived usefulness of ChatGPT was also associ-
ated with greater overestimation of the quality and originality of responses. These 
findings are specific to performance on the experimental task, perceived mental 
effort, and metacognitive calibration. They do not establish that students retained 
the knowledge involved or could transfer it to comparable tasks performed inde-
pendently. 

Beyond immediate task performance, the central issue concerns how students 
monitor and evaluate their own understanding. SRL depends on the ability to 
monitor one’s own understanding and use this information to decide what to do 
next, articulating cognitive, motivational, and regulatory processes (Lourenço et 
al., 2025a). When AI provides a fluent and seemingly complete response, the stu-
dent may feel they understand without performing all the operations needed to 
construct that understanding. Urban et al. (2025) reinforce this concern by linking 
the integration of ChatGPT-generated content to epistemic beliefs and metacog-
nitive accuracy, underscoring the importance of critically evaluating generated 
content before incorporating it into academic work. 

The risk of metacognitive passivity should not, however, be confused with in-
tensive AI use. A student may frequently resort to a generative system and main-
tain high cognitive engagement if they use the responses to test hypotheses, iden-
tify gaps, or produce counterarguments. Conversely, occasional use may be epis-
temically passive if the student transfers to AI a decision that they should under-
stand and justify. The decisive element is therefore the relationship between dele-
gation and metacognitive control. 

In this sense, GenAI can assume two distinct functions within the learning ac-
tivity. It can act as a support for cognitive activity when it externalises secondary 
operations and allows the student to concentrate on more complex processes, or 
as a substitute for cognitive activity when it reduces precisely the operations 
through which the student should develop understanding, judgement, and auton-
omy. The boundary between these functions depends on the task, the student’s 
prior knowledge, the mode of interaction, and the pedagogical demands. This dis-
tinction is consistent with the conception of self-regulation as a process in which 
students mobilise volitional control strategies to deliberately guide their learning 
activity (Lourenço & Paiva, 2025). 

This distinction reinforces the need to preserve some productive cognitive fric-
tion. Not every difficulty should be eliminated during learning. Some difficulties 
require the student to retrieve information, compare alternatives, formulate ex-
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planations, and confront inconsistencies. AI can support these processes, but it 
can also eliminate them prematurely. The educational question therefore becomes 
one of determining which operations can legitimately be externalised and which 
should remain under the student’s active control. 

3.3. Verification, Justification, and Academic Responsibility 

If GenAI can produce plausible content without guaranteeing its accuracy, verifi-
cation constitutes a central condition of epistemic agency. Verification does not 
simply mean looking for factual errors. It involves analysing the information’s 
origin, confronting claims with independent sources, assessing the quality of the 
evidence, and determining whether the conclusion is adequately supported. Epis-
temic agency manifests itself, in this context, in the ability to temporarily suspend 
acceptance of a response and subject it to evaluation procedures. 

This requirement is particularly important because the linguistic form of con-
tent produced by generative systems can create an appearance of consistency and 
authority. The system’s response should therefore become the object of a new cog-
nitive activity, in which the student determines whether the information is cor-
rect, relevant, and sufficiently well-founded for the purpose in question. 

Recent results reinforce this need. Gómez et al. (2025), in a pre-experimental 
study with 30 university students, found higher results in identifying relevant 
characteristics of evidence after an activity focused on source verification, alt-
hough difficulties remained in assessing the quality and verifiability of sources 
provided by AI. These results reinforce the importance of verification as a com-
ponent of critical thinking and the responsible use of GenAI in higher education. 

Verification should be accompanied by justification. Knowing a claim appears 
correct is not the same as being able to explain why it should be accepted. Justifi-
cation requires the student to be able to relate a conclusion to the evidence and 
reasons supporting it. In academic activities, this ability matters because knowledge 
is defined not solely by the availability of an answer, but by the ability to support 
a claim in the face of other interpretations and evidence. 

Interaction with AI can, in this sense, be organised around questions that pre-
serve the justificatory activity: What evidence supports this claim? What sources 
allow it to be confirmed? Are there alternative interpretations? What assumptions 
are involved? What could make this response incorrect? These questions trans-
form AI from a provider of answers into an object of scrutiny and make explicit 
operations that, in a merely instrumental use, could remain hidden. 

Academic responsibility then emerges from the need to keep these operations 
under the student’s control. If they use AI-generated content in an academic ac-
tivity, the student remains responsible for evaluating its appropriateness, the ac-
curacy of the claims they present, and the way in which they use it. This respon-
sibility is not limited to declaring the use of AI; it also involves the ability to ac-
count for the epistemic decisions underpinning the work produced. 

This responsibility should not be reduced to academic integrity understood 
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merely as the prevention of fraud. It is a broader issue of epistemic responsibility: 
who makes the claim, who justifies it, who decides that evidence is sufficient, and 
who is accountable for the conclusion presented? Coates et al. (2025) discuss the 
need to preserve the authenticity of thinking and forms of academic achievement 
in the face of the expansion of GenAI, while Kofinas et al. (2025) show that con-
tent produced or modified by GenAI can be difficult to distinguish from work 
produced without AI, posing challenges to the integrity of assessment. 

This issue becomes particularly relevant as LLMs move from peripheral tools 
to regular components of learning activities and knowledge production. Lindebaum 
et al. (2025) argue that these systems can transform the conditions under which 
knowledge is produced, disseminated, and validated in higher education, conse-
quently affecting epistemic agency. In this context, preserving agency does not 
mean excluding AI, but ensuring that judgement about the content and the deci-
sions that follow remain under human responsibility. 

Epistemic agency in human-AI contexts can therefore be understood as the 
ability to keep the fundamental operations of interpretation, evaluation, justifica-
tion, and decision-making under the student’s control, even when certain tasks 
are supported or externalised to a generative system. The aim is not to artificially 
preserve all cognitive operations within the individual, but to ensure that exter-
nalisation does not eliminate the intellectual participation necessary for learning. 

Taken together, the three dimensions analysed make it possible to understand 
a fundamental condition of GenAI-mediated learning. Epistemic participation 
defines the student’s active involvement in the relationship with knowledge; cog-
nitive delegation highlights the operations that can be externalised without com-
promising essential intellectual activity; and verification, justification, and re-
sponsibility establish the conditions under which AI-generated content is sub-
jected to academic judgement. Human-AI interaction thus becomes epistemically 
productive when it allows cognitive operations to be distributed without shifting 
responsibility for the knowledge the student claims, uses, and defends to the tech-
nology. 

4. Emotions, Uncertainty, and Self-Regulated Learning 

SRL involves more than cognitive and metacognitive processes. The emotions that 
emerge during task performance influence how students interpret difficulties, mo-
bilise strategies, and persist in the face of obstacles. Emotions thus constitute an 
integrated dimension of self-regulation, potentially facilitating or hindering the 
use of cognitive and metacognitive strategies, depending on their nature, inten-
sity, and context (Efklides, 2011; Zheng et al., 2023). This dimension becomes par-
ticularly relevant in GenAI-mediated environments, where response speed, lin-
guistic fluency, and the permanent availability of support may modify the emo-
tional experience of learning. The question is to understand how interaction with 
generative systems can alter the conditions under which students regulate emo-
tions, deal with uncertainty, and maintain cognitive engagement. 
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4.1. Epistemic Emotions as Resources or Obstacles 

Epistemic emotions emerge in response to a task’s cognitive characteristics and 
the relationship between new information and previously constructed knowledge. 
Surprise, curiosity, confusion, frustration, and anxiety may arise from unexpected 
information, conceptual incompatibilities, or difficulties in understanding (Pekrun 
et al., 2017; Nerantzaki et al., 2022; Zheng et al., 2023). These emotions should be 
distinguished from achievement emotions, which are associated with achieve-
ment-related activities or their perceived outcomes. For example, confusion aris-
ing from difficulties in understanding contradictory evidence is epistemic in na-
ture, whereas anxiety about receiving a low examination mark is an achievement 
emotion. Although these categories may overlap, the distinction depends on what 
elicits the emotional experience. These experiences do not, in themselves, neces-
sarily serve an adaptive or detrimental function. Their effect depends on task con-
ditions, the student’s interpretation of the situation, and the strategies they mobi-
lise to respond. 

An apparently unpleasant emotion may, under certain conditions, serve a reg-
ulatory function. Confusion may signal that the current representation of the 
problem is insufficient and trigger information-seeking, comparison of alterna-
tives, or reformulation of an explanation (D’Mello & Graesser, 2014; Muis et al., 
2015). Frustration may likewise accompany the perception that a strategy is not 
producing the expected results. When learners interpret these experiences as sig-
nals to adjust the activity, they can continue learning. Conversely, when difficulty 
is interpreted as evidence of inability or is immediately avoided, it may encourage 
withdrawal or superficial use of strategies. 

The relationship between emotion and self-regulation is therefore dynamic. 
Emotions may result from task appraisal and, simultaneously, influence subse-
quent decisions. Zheng et al. (2023) show that the relationships between emotions 
and SRL strategies vary according to the emotion considered and the type of strat-
egy mobilised. Similarly, Lourenço et al. (2025b) emphasise the interdependence 
between SRL and emotional regulation, highlighting their joint influence on mo-
tivation, engagement, and persistence. 

The introduction of GenAI adds a particular condition to this dynamic. A gen-
erative system can quickly provide explanations, examples, or reformulations 
when students encounter difficulties. In some situations, this support may reduce 
unnecessary frustration and help students continue the activity. A systematic re-
view and meta-analysis of experimental studies found positive effects of ChatGPT 
interventions on affective-motivational states, along with reduced mental effort, 
although the authors emphasise the heterogeneity of the studies and methodolog-
ical limitations (Deng et al., 2025). However, if the AI response immediately elim-
inates any experience of confusion or difficulty, it may also reduce opportunities 
to identify what is not yet understood. 

This distinction helps explain why epistemic emotions can constitute resources 
for SRL. Curiosity can guide exploration, surprise can trigger reassessment, and 
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confusion can signal the need for conceptual reorganisation. Doubt is treated here 
primarily as an epistemic state or judgement concerning the adequacy or credibil-
ity of available information, which may be accompanied by emotions such as cu-
riosity, confusion, or anxiety. The educational function of GenAI should not 
simply neutralise these experiences, but support students in interpreting and reg-
ulating them. The aim is to reduce unnecessary obstacles without eliminating the 
emotional signals that can guide cognitive activity. 

4.2. Uncertainty Tolerance and Critical Thinking 

Learning inevitably involves situations in which students lack sufficient infor-
mation to form a conclusion immediately. Uncertainty may result from incom-
plete evidence, contradictory information, new problems, or limitations in the 
available knowledge. The ability to remain intellectually active under these condi-
tions is relevant to critical thinking because it allows conclusions to be postponed, 
additional evidence to be sought, and alternative interpretations to be considered 
(Facione, 2023; Stephens & Lazarus, 2024). Tolerance of uncertainty does not mean 
eliminating or ignoring uncertainty, but recognising it, acting on the available in-
formation, and remaining able to adjust one’s response as new data emerge (Laz-
arus et al., 2025). 

This ability becomes particularly important when generative systems present 
information. The linguistic fluency of a response can create an impression of res-
olution even when the question remains open or the evidence is insufficient. Stu-
dents may thus confuse clarity of formulation with epistemic certainty. The need 
to distinguish plausibility from evidential support brings this issue closer to the 
critical evaluation of AI-generated information, in which the quality of the re-
sponse depends not only on its linguistic coherence, but also on the possibility of 
verifying the claims and the sources supporting them (Gómez et al., 2025; Urban 
et al., 2025). 

In this context, tolerance of uncertainty constitutes a condition for maintaining 
active critical thinking. Students who accept uncertainty can compare sources, 
formulate new questions, seek counter-examples, and revise an initial interpreta-
tion. Conversely, the need to obtain a conclusive answer quickly may encourage 
the premature acceptance of an explanation. Research on uncertainty in education 
precisely emphasises the importance of recognising uncertain situations and de-
veloping responses that allow individuals to act without requiring immediate res-
olution (Stephens & Lazarus, 2024; Lazarus et al., 2025). In interaction with 
GenAI, this ability becomes particularly relevant because the availability of suc-
cessive responses may reduce the perceived need to remain with an unresolved 
question. 

This relationship does not, however, imply that using AI necessarily leads to 
lower tolerance of uncertainty. Technology can also broaden the exploration of 
alternatives. Students can request different interpretations of a problem, compare 
contradictory arguments, or ask AI to identify the limitations of an explanation. 
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Under these conditions, AI can make uncertainty more open to exploration rather 
than simply eliminating it. Research on learning with GenAI also suggests that the 
technology’s cognitive value depends on how students interact with its outputs 
and on the reflective and evaluative activities that accompany that interaction (Wu 
et al., 2025; Tian et al., 2025). 

Uncertainty can thus constitute a productive condition for the pursuit of 
knowledge when students recognise it and use it to guide investigation, compari-
son, and revision. An epistemically productive use of GenAI should not seek to 
eliminate all uncertainty, but should support students in exploring possibilities 
while keeping the evaluation of evidence and decisions about which conclusions 
they can support under their control. 

4.3. Emotional Regulation in Human-AI Interaction 

Emotional regulation constitutes an essential dimension of this process because 
emotions influence the ability to initiate, maintain, and adjust learning activity. In 
self-regulation, students do not merely set goals and select strategies; they also 
need to manage emotional states that may facilitate or hinder the effort required 
to achieve those goals. The relationship between SRL and emotional regulation is 
bidirectional: emotions affect engagement and strategic decisions, while self-reg-
ulatory processes can help modify the emotional experience during learning (Ef-
klides, 2011; Zheng et al., 2023; Lourenço et al., 2025b). 

GenAI can indirectly support this process by modifying the task experience. 
Under certain conditions, rapid access to explanations, examples, and feedback 
can reduce some sources of frustration and facilitate continued engagement. A 
systematic review and meta-analysis found positive effects of ChatGPT interven-
tions on affective-motivational states, alongside a reduction in mental effort, alt-
hough the results showed considerable heterogeneity and should be interpreted 
with caution (Deng et al., 2025). Complementarily, Heung and Chiu (2025), in a 
systematic review and meta-analysis of 17 studies involving 1735 students, iden-
tified positive effects of ChatGPT use on behavioural, cognitive, and emotional en-
gagement, although they also highlighted the risk of disengagement associated with 
overdependence on the technology. Rezai et al. (2024), in a study of 492 English 
as a foreign language student, identified positive relationships between ChatGPT 
use, emotional regulation, and well-being, with emotional regulation mediating 
the relationship between technology use and well-being. These results are specific 
to the context studied and do not, in themselves, establish general causal effects. 

Interaction with generative systems may, however, also introduce new sources 
of emotional tension. Students may experience uncertainty about the quality of 
responses, concern about the academic appropriateness of the content produced, 
or difficulty determining how to use the technology appropriately. These experi-
ences align with the literature on emotions in SRL, which shows that the effects of 
emotions depend on task characteristics, students’ appraisal of its demands, and 
the resources available to respond to difficulties (Efklides, 2011; Zheng et al., 
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2023). GenAI use should therefore be understood within a broader system of cog-
nitive appraisal, expectations, and emotional regulation. 

These possibilities show that GenAI should not be conceptualised as an auton-
omous emotional regulator. The technology can modify the emotional conditions 
of learning, but the student still interprets and manages these experiences. Using 
an AI response to better understand a difficulty may support regulation; system-
atically resorting to the system to avoid cognitive discomfort may, conversely, 
limit opportunities to develop personal strategies for dealing with difficulty. The 
difference therefore lies in the function that the technology performs within the 
self-regulatory process. 

Within this framework, emotional regulation in human-AI environments re-
quires balancing external support with internal control. Students can use the tech-
nology to reduce obstacles, reorganise a task, or obtain alternative perspectives, 
but they must remain capable of recognising their own emotions, interpreting 
their significance for the activity, and deciding how to respond. When an AI re-
sponse does not answer a question or when responses conflict, emotional regula-
tion can sustain the persistence needed to keep investigating rather than immedi-
ately seeking an apparently definitive solution. 

Taken together, the three dimensions analysed show that emotions and uncer-
tainty are not peripheral elements of GenAI-mediated learning. Epistemic emo-
tions can signal and guide cognitive activity; tolerance of uncertainty keeps in-
quiry open when no immediately satisfactory answer is available; and emotional 
regulation helps students sustain effort and adjust their activity in the face of dif-
ficulties. GenAI can support these processes, but its contribution depends on stu-
dents’ ability to interpret their own experiences, remain with uncertainty, and de-
liberately regulate their engagement in learning. 

5. Pedagogical and Institutional Implications 

Preserving epistemic agency in GenAI-mediated learning contexts requires trans-
lating the principles discussed above into pedagogical practices, assessment pro-
cedures, and institutional guidelines. Making tools available or establishing gen-
eral rules for their use is not enough; institutions must create conditions in which 
students continue to formulate problems, examine evidence, justify interpreta-
tions, and assume responsibility for the conclusions they present. This perspective 
shifts the focus from the mere use of technology to the quality of the intellectual 
participation it enables or requires, involving students, teachers, and higher edu-
cation institutions. 

5.1. Designing Learning Activities Centred on Questioning 

Designing activities centred on questioning integrates GenAI without reducing 
academic work to obtaining answers. Instead of requesting only a summary, an 
explanation, or a final text, tasks can require students to formulate questions, 
compare interpretations, identify assumptions, and justify decisions. This ap-
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proach aligns with Bearman and Ajjawi (2023), who emphasise the need to rethink 
pedagogical practices as AI systems become part of knowledge production and 
interpretation. The educational value of the interaction thus depends not only on 
the content generated, but also on the cognitive operations performed before, dur-
ing, and after using the system. 

This approach is close to inquiry-based learning, in which formulating ques-
tions, exploring evidence, and revising explanations play a central role. Chan and 
Hu (2023) identified favourable perceptions among higher education students 
about the potential of generative AI to support learning, but also concerns about 
accuracy, dependence, and academic integrity. These tensions reinforce the need 
for activities that link technology use to critical evaluation. Moundridou et al. 
(2024) also demonstrated the potential of generative tools to help teachers design 
and implement inquiry-based lesson plans. 

An activity can begin with the individual analysis of a problem, followed by 
consultation of a generative system to obtain explanations or alternative perspec-
tives. Students should identify how the response confirms, broadens, or contra-
dicts their initial interpretation, verify relevant claims, and justify their acceptance 
or rejection of the proposals received. Gómez et al. (2025) specifically address ev-
idence verification and source use in assignments produced with the help of gen-
erative AI, reinforcing the relevance of requiring students to substantiate the 
claims presented. Questions can also test the limits of responses: what evidence 
supports them, what assumptions they contain, under what circumstances they 
might be incorrect, and what alternative explanations remain plausible. In this 
context, Urban et al. (2025) examined students’ epistemic beliefs and metacogni-
tive accuracy when integrating ChatGPT-generated content into academic writ-
ing. 

For example, students could be presented with an AI-generated explanation 
containing a claim that conflicts with evidence from another source. They would 
first identify and briefly describe any confusion, frustration, or uncertainty they 
experience, considering how these reactions might influence their judgement. 
They would then select an appropriate verification strategy, such as consulting the 
original research, comparing independent sources, or examining the evidence 
supporting each interpretation. Finally, they would formulate a provisional con-
clusion, explaining why the available evidence supports it, what limitations re-
main, and what additional information might change their judgement. This activ-
ity explicitly combines emotional regulation with tolerance of uncertainty by en-
couraging students to acknowledge and manage discomfort without prematurely 
resolving the question or accepting the first plausible answer. It also reinforces 
epistemic agency by requiring students to justify their conclusions on the basis of 
evidence rather than the apparent authority or fluency of AI-generated content. 

Pedagogical design should also preserve periods of work without generative 
support when necessary to observe the knowledge, reasoning, or skills the activity 
aims to develop. This option does not mean excluding AI from all stages of learn-
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ing, but distinguishing between situations where assistance can broaden explora-
tion and those where it is necessary to observe students’ ability to act autono-
mously. Wu et al. (2025) place human epistemic agency at the centre of the learn-
ing relationship with generative AI, providing a relevant framework for preserv-
ing students’ intellectual participation. The combination of individual work, 
guided interaction with AI, and subsequent reflection can thus distinguish be-
tween using technology as support and transferring to the system decisions that 
require independent judgement. 

The aim is not to make tasks artificially more difficult or to require the system-
atic rejection of generated content. Rather, it is to organise the activity so that tech-
nology supports inquiry without replacing essential intellectual decisions. When 
questioning, comparison, verification, and justification form part of the task cri-
teria, epistemic agency becomes an observable dimension of learning. This ap-
proach is close to the conception of shared epistemic agency discussed by Damşa 
et al. (2010), although applying it to GenAI-mediated contexts requires recognis-
ing the differences between human collaboration and interaction with artificial 
systems. 

5.2. Assessing Students’ Epistemic Agency 

Assessment constitutes a decisive dimension because it communicates to students 
which aspects of their work are genuinely valued. The literature on epistemic agency 
emphasises that assessment not only measures learning, but also influences stu-
dents’ relationship with knowledge, particularly their ability to evaluate, use, pro-
duce, and critically transform it (Nieminen & Ketonen, 2024). If grading focuses 
exclusively on the final product, students’ intellectual contribution may become 
less visible, an issue that is particularly relevant when tasks previously used as in-
dicators of cognitive performance can be partially completed using generative sys-
tems (Lodge et al., 2023; Thompson et al., 2023). 

The final product nevertheless remains relevant. Evidence of the process can 
complement accuracy, argumentative coherence, and suitability to disciplinary re-
quirements, such as justification of selected sources, explanation of changes intro-
duced, identification of limitations in generated responses, and oral defence of the 
decisions made. This approach aligns with perspectives that create opportunities 
for students to position themselves as users and producers of knowledge (Niemi-
nen et al., 2024). The DRIVE framework, proposed in a study on assessing learn-
ing through interactions with GenAI, likewise seeks to make the ways students 
guide interaction and express knowledge during dialogue with generative systems 
open to analysis. Oliveira et al. (2025) analysed 1,450 interaction annotations from 
70 assessed essays and found a positive association between interaction quality 
with GenAI and essay results. Among other aspects, the framework distinguishes 
how students direct their reasoning and make the disciplinary knowledge they 
mobilise visible, although the authors present it as a guiding framework that re-
quires adaptation to disciplinary objectives and contexts. 

In practice, teachers can use explicit criteria to assess the quality of the ques-
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tions formulated, the relevance of verification procedures, the consideration of 
alternative interpretations, and the justification of decisions to accept, modify, or 
reject generated content (Nieminen & Ketonen, 2024; Nieminen et al., 2024). A 
brief reflective commentary can ask students to identify a useful contribution 
from AI, a limitation they detected, and a decision made on the basis of their own 
judgement. Where appropriate, an oral discussion or a transfer task involving a 
new problem can verify whether the understanding demonstrated corresponds to 
the knowledge actually acquired. These opportunities can also make visible how 
students delimit, negotiate, and justify their use of technology (Chen & Zou, 
2026). 

These procedures should be proportionate to the objectives and resources avail-
able. Extensive records of all interactions may increase the workload and encour-
age merely formal documentation. Similarly, the number of prompts directed to 
AI, the length of the dialogue, or the number of revisions do not, in isolation, 
constitute valid indicators of learning. Assessment should focus on the quality of 
reasoning, the ability to verify and justify decisions, and the mobilisation of disci-
plinary knowledge, rather than using the intensity of GenAI use as an indirect 
indicator of learning (Nieminen & Ketonen, 2024; Oliveira et al., 2025). 

It is equally important to ensure transparent criteria and equitable opportuni-
ties. Students should know in advance the conditions under which AI is permitted, 
the types of contribution they must declare, and the criteria used in assessment. 
Defining these conditions forms part of the assessment design itself, since oppor-
tunities to exercise agency also depend on the affordances and constraints created 
by the task (Nieminen et al., 2024). Chen and Zou (2026) likewise show that task 
characteristics, performance expectations, and the framework teachers provide 
shape students’ agency in GenAI-mediated assessment. Decisions should not de-
pend exclusively on automated detectors of generated text, whose indications do 
not, in themselves, constitute sufficient proof of authorship or learning. Assessing 
epistemic agency therefore requires contextualised, transparent evidence aligned 
with learning outcomes. 

5.3. Institutional Responsibility and Teacher Education 

Promoting epistemic agency cannot remain entirely dependent on the individual 
decisions of teachers or students. Higher education institutions must define guide-
lines on GenAI use, data protection, academic integrity, accessibility, and peda-
gogical training. UNESCO (2023) advocates a human-centred approach, calling 
for the educational integration of AI with privacy protection, ethical validation of 
tools, and the development of institutional capacities. Miao and Holmes (2023) 
likewise emphasise the need to frame generative AI through principles of ethical, 
responsible, and pedagogically grounded use. Institutional policies should there-
fore clarify the conditions under which its use is pedagogically appropriate, rather 
than merely authorising or prohibiting tools. 

An institutional policy should distinguish activities and purposes. Using AI to 
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explore ideas, receive feedback, or compare explanations may be appropriate in 
one task, whereas in another it may compromise the observation of skills the stu-
dent needs to demonstrate without assistance. Guidelines should allow teachers 
to specify authorised forms of use, declaration requirements, and verification ex-
pectations, while remaining consistent with assessment and academic integrity 
regulations. This articulation between technology, learning objectives, and task 
design is particularly relevant to a pedagogically grounded integration of GenAI 
(Xia et al., 2024). 

Teacher education constitutes a complementary condition. It is not limited to 
technical mastery of the tools, including understanding the limitations of genera-
tive systems, assessing their pedagogical suitability, redesigning tasks, and defin-
ing criteria that value students’ reasoning. Recent literature shows that integrating 
GenAI requires competencies that combine technological knowledge, pedagogical 
judgement, and the ability to guide students in the critical use of generative sys-
tems (Ng et al., 2024; Xu et al., 2025). In this context, language models raise ques-
tions about the relationship between teachers’ and students’ agency, highlighting 
the importance of dialogue and contextualised pedagogical responses (Kahn et al., 
2025). Updated guidance, technical and pedagogical support, and opportunities 
for teacher sharing can foster more consistent responses. The critical integration 
of AI also requires teachers and students to recognise the limitations of these sys-
tems and not assume their outputs are automatically valid (Bearman & Ajjawi, 
2023), reinforcing the need for critical literacy and discussion of the pedagogical 
implications of GenAI (Miao & Holmes, 2023). 

Finally, institutional governance should preserve human responsibility without 
ignoring the diversity of disciplinary contexts. Common principles can coexist 
with well-founded local decisions, provided that students’ rights, transparency, 
and learning objectives are safeguarded (Miao & Holmes, 2023; UNESCO, 2023). 
Epistemic agency therefore depends not only on individual recommendations but 
also on institutional environments that enable questioning, verification, justifica-
tion, and responsibility for the knowledge produced. 

In summary, integrating GenAI into education requires activities that value 
questioning, assessments that make students’ intellectual participation visible, and 
institutional policies supported by teacher education. These dimensions are inter-
dependent: tasks define opportunities for participation, assessment communi-
cates the value attributed to that participation, and institutions create conditions 
for consistent, ethical, and pedagogically justified practices (Kahn et al., 2025; Xia 
et al., 2024). The central criterion is not the presence or absence of AI, but the 
ability to integrate it without shifting the judgement and responsibility associated 
with human learning to the generative system. 

6. Conclusions 

GenAI has introduced new possibilities and challenges for understanding learning 
in higher education. This article analysed the relationship between GenAI, epis-
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temic agency, epistemic emotions, tolerance of uncertainty, and SRL, focusing on 
the conditions under which interaction with generative systems can support or 
constrain students’ active engagement with knowledge. The analysis developed 
supports the view that the educational significance of GenAI should not be un-
derstood solely in terms of access to information, task automation, or content 
production. Rather, it depends on how students formulate questions, evaluate and 
verify information, interpret uncertainty, regulate their responses to epistemic dif-
ficulty, and assume responsibility for the judgements they make when interacting 
with generative systems. From this perspective, GenAI can support learning, but 
it can also displace, externalise, or weaken essential learning processes when stu-
dents accept its responses without questioning. 

The main theoretical argument developed is that the use of GenAI creates a new 
epistemic environment in which students’ agency becomes particularly im-
portant. Students interact with systems that can produce explanations, sugges-
tions, alternatives, and content in response to their requests, but the epistemic 
value of these outputs cannot be assumed from their fluency or apparent com-
pleteness. The ability to formulate meaningful questions, evaluate response qual-
ity, recognise uncertainty, consider alternative interpretations, and decide when 
and how to use generated content therefore becomes central to learning. Epis-
temic agency does not disappear in the presence of technology; rather, its exercise 
becomes more dependent on students’ capacity to maintain judgement and re-
sponsibility within the interaction. GenAI can function as a cognitive and regula-
tory resource, but it does not replace students’ responsibility to interpret infor-
mation, evaluate evidence, and make decisions about their own learning. 

Epistemic emotions and tolerance of uncertainty form an important part of this 
process. Curiosity and surprise may stimulate exploration and reconsideration, 
while confusion and doubt can signal the need for further investigation. Con-
versely, frustration, anxiety, or the desire to obtain an immediate answer may fa-
vour premature closure when these experiences are not adequately regulated. 
GenAI may modify these dynamics by making explanations and answers contin-
uously available. Its educational value therefore depends not simply on reducing 
difficulty or uncertainty, but on supporting students in interpreting these experi-
ences and using them to guide further cognitive activity. 

This framework helps shift the discussion on GenAI in higher education from 
a predominantly instrumental perspective to one centred on epistemic agency, 
cognitive regulation, and responsibility. From an educational perspective, this im-
plies that integrating GenAI should prioritise activities that require questioning, 
comparison, verification, justification, and reflection on decisions made during 
the learning process. For teachers, the issue is not merely determining when 
GenAI may or may not be used, but designing pedagogical contexts in which tech-
nology use preserves students’ cognitive and epistemic activity. For institutions, 
this orientation reinforces the need for policies that articulate responsible GenAI 
use, teacher education, AI literacy, academic integrity, data protection, and equity 
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of access. 
However, it is important to recognise some limitations. The theoretical-con-

ceptual nature of the analysis does not allow causal relationships to be established 
between the use of GenAI and changes in epistemic agency, epistemic emotions, 
tolerance of uncertainty, or SRL processes. In addition, the rapid evolution of gen-
erative models makes it particularly difficult to stabilise conclusions about tech-
nologies and practices that are constantly evolving. The available literature also 
presents relevant conceptual and methodological differences, making direct com-
parisons between contexts, populations, and forms of GenAI use difficult. For 
these reasons, the arguments presented should be understood as a conceptual 
framework to guide research and practice, not as definitive evidence of GenAI’s 
effects on learning. 

Future research should therefore empirically examine how different forms of 
GenAI use affect epistemic agency, emotional responses to uncertainty, verifica-
tion practices, and self-regulatory processes throughout learning activities. Lon-
gitudinal and experimental studies may help distinguish uses that support epis-
temic autonomy from those that promote dependence or reduced cognitive en-
gagement. It will also be important to analyse differences associated with students’ 
level of experience, academic tasks, and the characteristics of pedagogical con-
texts. Rather than determining whether GenAI is, in itself, beneficial or harmful 
to learning, future research should examine the conditions under which its use 
can be integrated in ways that strengthen students’ capacity to question, evaluate, 
justify, and learn with progressively greater autonomy.  
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