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Abstract 
 

The increasing use of Artificial Intelligence (AI) in education presents both opportunities and challenges 
for developing key competencies within Education for Sustainable Development (ESD), particularly 
critical thinking and responsibility as action. In line with the goals of ESD and Sustainable Development 
Goal 4.7 (SDG 4.7), this study explores how AI-mediated learning supports students’ engagement with 
complex and uncertain knowledge contexts. Grounded in ESD theory and Freire’s concept of praxis 
(action–reflection–action), the study adopts a Theory-Based Impact Evaluation (TBIE) framework to 
examine how learning occurs through the activation of mechanisms such as reflection, evaluation, and 
decision-making. A qualitative classroom-based design was used by employing the Nexgen Classroom 
platform to facilitate AI-mediated learning tasks. Data were collected through platform interaction logs 
and student questionnaires, including both closed and open-ended responses. 

The findings indicate that AI-mediated learning appears to create opportunities for critical thinking and 
responsibility by engaging students in interpreting, evaluating, and making decisions about AI-generated 
feedback. However, variations in student engagement suggest that these processes are not consistently 
activated across all learners. This suggests that while AI-induced uncertainty can stimulate key learning 
mechanisms, its effectiveness depends on purposeful pedagogical guidance. 

This study contributes to the understanding of AI in education by conceptualizing AI not simply as a 
tool, but as a complex learning context that can support the development of ESD competencies when 
used thoughtfully. It highlights the importance of designing learning environments that encourage active 
engagement, critical evaluation, and responsible decision-making, thereby supporting the broader goals 
of sustainable education. 
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Aim: This study aims to explore how AI-mediated learning supports the development 
of critical thinking and responsibility as action as key ESD competencies. It 
focuses on how students engage with AI-generated feedback in complex and 
uncertain learning situations, in line with the goals of SDG 4.7. 
 

Theory: The study is grounded in ESD and Freire’s concept of praxis (action–reflection–
action). It uses TBIE to understand how learning occurs through mechanisms 
such as reflection, evaluation, and decision-making. AI is conceptualized as a 
complex learning environment that introduces uncertainty and multiple 
perspectives by supporting deeper cognitive engagement. 
 

Method: The study uses a qualitative, classroom-based design supported by descriptive 
data. Data were collected through 1) AI-mediated tasks using the Nexgen 
Classroom platform 2) Platform interaction data (student responses and 
engagement) 3) Student questionnaires (closed and open-ended responses)  
 
The analysis follows a TBIE approach, where data are examined to identify 
learning mechanisms (e.g., reflection, evaluation, decision-making) that explain 
how learning develops. 
 

Results: The findings indicate that AI-mediated learning supports critical thinking by 
requiring students to interpret, compare, and evaluate AI-generated responses. 
At the same time, responsibility as action develops as students make decisions 
about whether to accept, modify, or reject AI feedback. 
 
However, the results also suggest variation: while some students engage deeply, 
others struggle with uncertainty or rely less on critical evaluation. The findings 
indicate that AI can support ESD competencies, if it is combined with structured 
guidance and pedagogical support. 
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1. Introduction  
 

The increasing use of Artificial Intelligence (AI) in education is transforming how students 

access, process, and use knowledge. In contemporary classrooms, AI tools are commonly used 

as digital assistants to support tasks such as writing, revising, and understanding content. In the 

Swedish educational context, the Swedish National Agency for Education (Skolverket, 2024) 

highlights both the opportunities and challenges associated with AI integration in schools. 

While AI can provide immediate feedback, adaptive support, and access to diverse information, 

it also raises concerns related to reliability, overreliance, and limited critical engagement with 

generated content (Crompton et al., 2024). This creates a need to better understand how AI can 

be used pedagogically to support meaningful learning. From another perspective, Education for 

Sustainable Development (ESD) provides a relevant framework for understanding how learners 

should engage with knowledge in such complex and digital environments. ESD emphasizes the 

development of competencies such as critical thinking and responsibility, enabling learners to 

engage with knowledge in reflective, ethical, and informed ways (Rieckmann, 2017). In this 

context, learning is not only about acquiring information but about interpreting, evaluating, and 

using it responsibly. This perspective aligns with Sustainable Development Goal (SDG) 4.7, 

which calls for education that equips learners with the competencies needed for responsible 

participation in society (Gallwey, 2016). 

Within this study, ESD is approached primarily as a framework for competence development, 

particularly focusing on critical thinking and responsibility as action. Responsibility as action 

refers to the ability to make reflective and justified decisions and to act upon them while 

considering their broader consequences (Rieckmann, 2017). These competencies are especially 

relevant in AI-mediated learning environments, which can be understood as complex contexts. 

AI systems often generate variable, incomplete, and sometimes contradictory responses, 

meaning that learners cannot rely on a single correct answer. Instead, they must interpret 

information, compare alternatives, and make decisions about how to use it (Nikolopoulou, 

2025). Such conditions can support the possibility of developing critical thinking, as learners 

are required to analyse, evaluate, and judge information rather than accept it uncritically (Huang 

& Zhang, 2025). However, this potential is not automatically realized. Without pedagogical 

guidance, AI use may lead to passive engagement, superficial learning, and overreliance on 
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generated outputs (Giannakos et al., 2025). This highlights a key challenge: how AI-mediated 

learning can be structured in ways that support the development of ESD competencies. 

To address this challenge, it is necessary to understand how learning occurs in AI-mediated 

environments. In this study, learning is understood as a dynamic process based on Freire’s 

(2020) concept of praxis, where learners engage in cycles of action, reflection, and revised 

action. In this process, students actively interact with AI (action), critically evaluate its 

responses (reflection), and make decisions about how to use or modify the information (revised 

action). This dynamic learning cycle creates opportunities for improving both critical thinking 

and responsibility as action, as learners must continuously interpret, evaluate, and justify their 

choices. 

Despite the growing use of AI in classrooms, there is still limited research on how such dynamic 

learning processes can be pedagogically structured to support these competencies. Existing 

studies often focus on the benefits or risks of AI but provide less insight into how learning 

actually takes place through interaction with AI in classroom practice. This creates a gap in 

understanding how AI can be used not only as a tool for efficiency but as a pedagogical resource 

that supports critical engagement and responsible decision-making. Therefore, this study aims 

to explore how AI-mediated learning can support critical thinking improvement and 

responsibility as action within an ESD framework. By examining students’ interaction with AI-

generated feedback in a structured classroom setting, the study investigates how learners engage 

with ambiguity, evaluate information, and make justified decisions. In doing so, it contributes 

to the ongoing discussion on how AI can be meaningfully integrated into education in ways 

that align with the goals of ESD and SDG 4.7. The study also considers the ethical use of AI in 

education. In line with Skolverket (2024), students are encouraged to critically evaluate AI-

generated responses and to understand their limitations. AI is used as a support tool rather than 

a replacement for learning, and the teacher plays a central role in guiding and monitoring its 

use to ensure meaningful and responsible engagement (Giannakos et al., 2025). 
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1.1. Problem Area  

Despite the increasing use of AI tools in education, there is still a major challenge in 

understanding how they can be effectively used as pedagogical resources in classroom practice. 

This challenge is especially related to how AI tools designed for educational purposes are 

positioned and integrated in teaching. To explore this issue, the study draws on guidance from 

the Swedish National Agency for Education (Skolverket), which is responsible for curriculum 

development and pedagogical direction in Swedish schools. 

In relation to AI in education, Skolverket (2024) acknowledges that tools such as chatbots and 

text generators are increasingly used in schools. However, the agency emphasizes that AI in 

teaching is still in an early stage and that research-based evidence regarding its pedagogical 

contribution remains limited. As stated by the agency, AI tools are rapidly evolving, and 

existing guidance remains general rather than empirically grounded. This lack of structured 

knowledge creates uncertainty for educators in terms of how AI can support meaningful 

learning processes aligned with curricular goals. 

From an ESD perspective, this issue becomes particularly noticeable when considering the role 

of responsibility as deliberate action in learning. When AI tools are used informally and without 

pedagogical structure, there is a risk that students engage with AI-generated information 

passively, when they accept outputs without critical evaluation or reflection (Giannakos et al., 

2025). Such practices may limit the development of key ESD competencies, particularly the 

ability to act responsibly by making informed, well-justified, and reflective decisions about 

how knowledge is used (Leal Filho et al., 2025; Rieckmann, 2017). 

At the same time, AI-mediated learning environments introduce a dynamic and interactive 

process of knowledge construction, where learners are exposed to variable, sometimes 

contradictory outputs. In other words, while this variability can create confusion, it also 

provides a valuable learning opportunity when it is guided appropriately (Giannakos et al., 

2025; Huang & Zhang, 2025). Within a structured pedagogical approach, AI can function as a 

mediating tool that prompts learners to question, compare, and evaluate information, thereby 

activating processes of reflection and decision-making. In this way, learning becomes a 

dynamic cycle rather than a linear acquisition of knowledge (Huang & Zhang, 2025). However, 

current educational practices and policy discussions do not sufficiently address how this 
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dynamic AI-assistant learning process can be aligned with the possibility of developing 

responsible action, as emphasized in SDG 4.7.  This means that without clear pedagogical 

frameworks, the potential of AI to support critical engagement and responsible knowledge use 

remains underexplored (Gallwey, 2016; Giannakos et al., 2025).  

Therefore, the central problem addressed in this study is how AI can be integrated into teaching 

in ways that support both dynamic learning processes and influence responsibility as action. By 

investigating the use of an AI assistant within a structured, praxis-oriented learning design, this 

study seeks to provide insight into how learners can move beyond passive interaction with AI 

toward intentional, reflective, and accountable engagement with knowledge. Exploring 

previous research indicates that, from an ESD perspective, the gap is not only methodological 

but also conceptual, as it must account for how learners can practically improve responsibility 

and informed action in digital learning environments (Leal Filho et al., 2025). When AI tools 

are used informally and without structured pedagogical guidance, there is a risk that students 

engage with AI-generated information uncritically and, consequently, that leads them to 

overreliance, superficial learning, and passive knowledge consumption (Giannakos et al., 2025; 

Huang & Zhang, 2025). 

As highlighted by Leal Filho et al. (2025), sustainability-oriented education requires learners 

to engage with knowledge systems that are uncertain, complex, and shaped by multiple 

perspectives. In this regard, AI-mediated learning environments can be understood as complex 

contexts because they generate variable, incomplete, and sometimes contradictory responses. 

This means that learners cannot rely on a single correct answer but must interpret information, 

compare alternatives, and make informed and justified decisions. Such conditions create 

valuable opportunities for developing ESD competences. However, without clear pedagogical 

structuring, this potential may remain underused (Giannakos et al., 2025). This gap is noticeable 

because ESD is not only concerned with access to digital tools but with how learners critically 

engage with knowledge and act responsibly within dynamic and uncertain contexts (Leal Filho 

et al., 2025; Rieckmann, 2017). While existing research acknowledges both the opportunities 

and risks of AI in education, there is still a lack of practically grounded studies that demonstrate 

how AI can be integrated into classroom practices in ways that create the possibility of 

responsibility as action. Having a structured, classroom-based intervention grounded in critical 

pedagogy and praxis, this study addresses this gap by exploring how AI-mediated learning can 
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provide the possibility to influence critical thinking and responsible action, in line with the aims 

of SDG 4.7 (Gallwey, 2016). 

 

1.2. Research questions 
In response to the research gap, this study is guided by two research questions that reflect the 

core aims of ESD and SDG 4.7. The first question focuses on the approach that can positively 

affect critical thinking within an ESD framework by examining how learners engage with AI-

generated feedback as a dynamic and reflective process: 

RQ1: How can AI-mediated learning create opportunities for critical thinking as an ESD 

competence in an English as a second language classroom? 

This question addresses the need to understand how students move beyond passive reception 

of AI outputs and instead critically evaluate, compare, and interpret information in situations 

characterized by uncertain information.  

The second question focuses on responsibility as deliberate and accountable action, aligned 

with the goals of SDG 4.7, by examining how AI-assistant learning supports decision-making 

processes: 

RQ2: How can interaction with AI-generated feedback support signs of responsibility as action 

through informed and reflective decision-making aligned with SDG 4.7? 

As Rieckmann (2017) states, “ESD is about learning to take responsible actions in complex 

situations.” Responsible action from an ESD perspective means making informed, reflective, 

and ethically grounded decisions and acting upon them while considering their broader 

consequences.  Accordingly, RQ 2 addresses the need for research explaining how learners not 

only understand information but also act on it responsibly by justifying their choices and 

considering the consequences of their decisions. 
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1.3. Research Theory and Method 
The theoretical and methodological design of this study is designed to address the two research 

questions by linking AI-mediated classroom practice to the development of ESD competencies, 

particularly critical thinking and responsibility skills. Grounded in the ESD and Freire’s (2020) 

concept of praxis, the study uses an AI assistant as a tool for a dynamic learning process by 

providing a cycle of action, reflection, and revised action, which provides the foundation for 

examining both critical thinking and responsibility as deliberate action (Gallwey, 2016; 

Rieckmann, 2017). 

To assess how AI-assistant learning aligns with the study’s research questions, this study adopts 

a Theory-Based Impact Evaluation (TBIE) framework, which focuses on identifying the 

mechanisms through which learning occurs rather than only measuring outcomes. (Ssossé et 

al., 2021). This theory of evaluation would be suitable where learning occurs through interactions 

with an AI assistant, and the learner receives multiple rounds of feedback through communication with 

the AI. This approach aligns with the ESD framework, where learning is understood as a process 

of developing competencies, such as critical thinking and responsibility as deliberate action, in 

complex and uncertain contexts (Handtke et al., 2022). 

 Within the study, TBIE is applied to examine how the praxis-oriented task design, based on 

cycles of action, reflection, and revised action (Freire, 2020), functions throughout the 

implementation of this research. Praxis functions as the pedagogical mechanism through which 

ESD competencies are enacted. While ESD defines the desired competencies (critical thinking 

and responsibility), praxis provides the process through which these competencies are 

developed in practice (Freire, 2020). This method activates key learning mechanisms such as 

evaluation, comparison, reflection, and decision-making, which are also essential for 

responsible engagement with knowledge in line with SDG 4.7 (Gallwey, 2016; Leal Filho et 

al., 2025). These mechanisms are expected to contribute to the opportunities for critical thinking 

(RQ1) and responsibility as deliberate action (RQ2), consistent with ESD principles.  
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1.4. Scope of Research  
The research is situated in a Swedish lower secondary English classroom (Grade 9) and 

investigates how learners engage with AI-generated feedback within a structured, praxis-

oriented learning design. The scope of the study is deliberately limited to a single classroom 

intervention using the Nextgen Classroom platform, which allows for an in-depth, process-

oriented analysis of learning mechanisms rather than broad generalization. In this sense, the 

study does not aim to evaluate the effectiveness of AI tools as such, but to explore how their 

inherent characteristics, such as variability, uncertainty, and non-deterministic outputs, create 

conditions for complex learning processes aligned with ESD. Furthermore, the study focuses 

on short-term learning interactions and the activation of mechanisms such as reflection, 

evaluation, and decision-making, rather than measuring long-term competence development. 

This limitation is acknowledged as both a constraint and a methodological choice, as it enables 

a closer examination of how responsibility as action emerges in practice, while also highlighting 

the need for sustained pedagogical support to stabilize these competences over time. 

 

1.5. Organization of the Thesis  

This thesis is organized into seven chapters, each addressing a specific component of the 

research process in a sequence. 

Chapter 1 introduces the study by presenting the research background, problem statement, 

research aim, research questions, and scope of the study. 

Chapter 2 provides a review of relevant literature related to AI in education, AI-mediated 

learning, ESD, and previous studies concerning critical thinking and responsibility in digital 

learning environments. 

Chapter 3 presents the theoretical framework of the study by explaining the integrated 

relationship between ESD, Freire’s concept of praxis, AI-mediated learning as a complex 

context, and TBIE. This chapter also clarifies how these perspectives collectively guide the 

study. 



14 

Chapter 4 describes the methodological framework and explains the research design, case study 

context, participants, pedagogical intervention, pilot implementation, data collection 

procedures, ethical considerations, and data analysis approach. 

Chapter 5 presents the findings obtained from the Nexgen Classroom platform and 

questionnaire data, followed by a mechanism-based analysis through the TBIE framework. 

Chapter 6 discusses the findings in relation to the research questions, theoretical framework, 

and existing literature, while also considering the implications and limitations of the study. 

Chapter 7 concludes the thesis by summarizing the main findings and contributions of the study 

and providing recommendations for future research and educational practice. 
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2. Literature Review  
 

As mentioned, recent research highlights the growing integration of generative AI into 

educational practices, particularly in language learning contexts where students increasingly 

use AI tools for drafting, revising, and improving linguistic accuracy (Crompton et al., 2024). 

AI functions as an interactive learning assistant capable of providing immediate feedback, 

alternative explanations, and multiple-language examples, which can support iterative learning 

processes. However, this pedagogical potential is accompanied by important challenges. Due 

to the probabilistic nature of AI systems, the feedback generated can be inconsistent, inaccurate, 

or misaligned with task requirements, which raises concerns about reliability and students’ 

overreliance on AI outputs (Giannakos et al., 2025; Huang & Zhang, 2025). 

From an ESD perspective, these challenges are not merely technical but fundamentally 

pedagogical. ESD emphasizes the development of competencies that enable learners to 

critically engage with knowledge, evaluate information, and act responsibly in complex and 

uncertain contexts (Rieckmann, 2017). In this regard, critical thinking becomes essential, as 

learners should assess the credibility of AI-generated information, compare alternative 

responses, and make informed judgments rather than accepting outputs uncritically (Giannakos 

et al., 2025).  At the same time, the role of responsibility as deliberate action, aligned with SDG 

4.7, extends beyond understanding information to include learners’ capacity to make 

responsible decisions and justify their choices in dynamic knowledge environments (Gallwey, 

2016). As stated by Leal Filho et al. (2025), sustainability-oriented education requires learners 

to engage with knowledge systems characterized by ambiguity, competing perspectives, and 

evolving information. In this sense, AI-mediated learning environments can provide a relevant 

context for developing such competencies, as they expose learners to variability and require 

active interpretation and decision-making. 

However, existing studies express that the educational value of AI depends strongly on how it 

is pedagogically integrated. Without structured guidance, AI use may encourage surface-level 

engagement, passive consumption of information, and reduced learner agency (Giannakos et 

al., 2025). In contrast, when AI is embedded in pedagogical frameworks that promote reflection 

and dialogue, it can support deeper learning.  According to this perspective, AI should not be 

viewed as a neutral tool but as a mediating resource that shapes how learners engage with 
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knowledge. This point of view guides the research toward Freire’s (2020) concept of praxis 

within critical pedagogy, in which learning is understood as a process of reflection and action 

through which learners may improve their critical consciousness. Within this framework, AI-

assistant learning can be conceptualized as a dialogic process, where students engage with AI-

generated feedback, question its validity, and act upon it through informed and responsible 

decisions. Such an approach shifts the role of AI from a source of answers to a trigger for critical 

engagement and responsible action.  

On the other side, from a policy perspective, Skolverket (2024) highlights both the opportunities 

and risks associated with AI use in education, emphasizing the need for research-based 

guidance that supports critical evaluation and responsible knowledge use. This aligns closely 

with ESD goals, particularly the emphasis on preparing learners to navigate uncertain and 

evolving knowledge systems rather than relying on fixed or authoritative information. 

Moreover, Leal Filho et al. (2025) argue that achieving the goals of sustainable development 

requires educational approaches that move beyond knowledge transmission toward active 

engagement with real-world complexity.  Crompton et al. (2024) also highlight that learners 

have to be able to navigate ambiguity, assess competing knowledge claims, and take responsible 

action in response to evolving global challenges. This reinforces the importance of framing 

responsibility not as passive awareness but as deliberate, reflective action, which is central to 

this study. In relation to digital technologies, recent research has begun to explore the role of 

generative AI in supporting sustainable education. Nikolopoulou (2025) identifies the potential 

of AI to contribute to sustainable learning by enabling adaptive, flexible, and personalized 

learning environments. However, the study also emphasizes that such potential depends on 

pedagogical integration by warning that without structured guidance, AI may exacerbate 

passive consumption rather than critical engagement. This highlights the need to examine how 

AI can be used not merely as a tool for efficiency but as a mediating resource that supports 

critical thinking and responsible action.  

Similarly, the study by Pham Xuan and Håkansson Lindqvist (2025) states the importance of 

embedding SDGs within curricular practices. Their study shows that while policy frameworks 

increasingly emphasize sustainability competencies, there is still a gap in translating these goals 

into everyday classroom practices, particularly in relation to digital tools. The gap is especially 

relevant for SDG 4.7, which calls for education that equips learners with the skills, values, and 
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competencies necessary to act responsibly within complex societal systems (Gallwey, 2016; 

Pham Xuan & Håkansson Lindqvist, 2025). In contemporary digital contexts, these systems are 

increasingly shaped by rapidly evolving information, algorithmic outputs, and multiple, often 

competing knowledge sources (Pham Xuan & Håkansson Lindqvist, 2025). 

According to Nikolopoulou (2025), AI-assisted learning environments provide unique 

opportunities to engage with such complexity, as they expose learners to dynamic, uncertain, 

and sometimes contradictory information. When interacting with AI-generated feedback, 

students are required to interpret responses, evaluate their credibility, and make decisions about 

how to use or reject the information. This process mirrors real-world societal conditions, where 

users/pupils should navigate incomplete knowledge, assess diverse perspectives, and take 

responsible and informed action (Pham Xuan & Håkansson Lindqvist, 2025). From an ESD 

perspective, this form of engagement supports the development of responsibility as deliberate 

action, where learners do not simply acquire knowledge but actively apply it through justified 

and accountable decision-making (Rieckmann, 2017).  

Thus, AI-assistant learning can be used in this study by creating conditions in which learners 

continuously reflect, evaluate, and act, and link knowledge to action. However, this potential 

depends on pedagogical structuring, which demonstrates the great need for method guidance. 

Nikolopoulou (2025) states that without appropriate and clear guidance, learners may rely on 

AI outputs uncritically rather than influence responsible engagement (Nikolopoulou, 2025). 

Accordingly, Freire (2020) suggests a structured and praxis-oriented pedagogical approach as 

a suitable methodology that can transform dynamic learning conditions into opportunities for 

developing ESD competences. The method is defined as a cycle of learning that, in this study, 

focuses on students’ engagement with AI-generated feedback as a process of critical evaluation, 

reflection, and decision-making (Freire, 2020).  By applying this pedagogical method, this 

study demonstrates how interaction with AI can foster responsibility as action, where learners 

actively interpret information, justify their choices, and take ownership of their learning. In 

doing so, the study responds to the need for research that connects digital innovation with 

sustainable education goals and aligns classroom practice with the aims of SDG 4.7 (Freire, 

2020; Gallwey, 2016).  

Existing research has identified both opportunities and risks of AI in education, yet fewer 

studies explain how learning processes emerge through AI–learner interaction in classroom 
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settings. This thesis addresses that gap by examining AI-mediated learning as a dynamic 

educational context by focusing on how learning mechanisms, such as reflection, evaluation, 

and decision-making, create the opportunity to develop critical thinking and responsibility 

within ESD. 
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3. Theoretical Framework 

3.1. Theoretical Positioning of the Study
This study applies an integrated theoretical framework to examine how AI-mediated learning 

may create opportunities for the development of critical thinking and responsibility as action 

within the context of ESD. The framework combines four interconnected components: ESD, 

Freire’s concept of praxis, AI-mediated learning as a complex educational context, and TBIE.

Rather than functioning as separate theories, these perspectives are applied hierarchically, 

where each contributes a distinct role in explaining the learning process.

As shown in Figure 1, within this framework, ESD defines the educational purpose and intended 

competencies, particularly critical thinking and responsibility as action, in alignment with SDG 

4.7 (Rieckmann, 2017). However, ESD does not explain how these competencies emerge 

during learning activities. Therefore, the study draws on Freire’s concept of praxis, which 

frames learning as a process of action, reflection, and revised action (Freire, 2020). Praxis 

provides the pedagogical structure through which students actively engage with information 

rather than passively receiving it.

Figure 1. Hierarchy of Theories Integration
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As previously mentioned, the learning process takes place within an AI-mediated environment. 

The AI assistant is conceptualized not simply as a digital tool but as a dynamic and complex 

learning context. AI-generated responses are often variable, uncertain, and open to 

interpretation, requiring learners to evaluate and compare information rather than rely on fixed 

answers (Crompton et al., 2024; Nikolopoulou, 2025). This variability creates conditions that 

may stimulate reflection, evaluation, and decision-making, which are central processes within 

ESD-oriented learning. 

To analyse how these learning processes occur, the study adopts TBIE as its analytical 

framework. TBIE focuses on identifying the mechanisms through which learning processes are 

activated rather than measuring outcomes alone (Ssossé et al., 2021; Handtke et al., 2022). In 

this study, mechanisms such as reflection, comparison, evaluation, and decision-making are 

used to interpret how students interact with AI-generated feedback and how these interactions 

may create opportunities for critical thinking and responsible engagement. 

TBIE connects these perspectives by providing a mechanism-based interpretation of the 

learning process. Through TBIE, learning is understood not only in terms of outcomes, but also 

in terms of the internal cognitive and behavioural processes activated during interaction with 

AI-generated feedback (Ssossé et al., 2021). In the present study, this mechanism-oriented 

perspective influenced not only the analytical process but also the design of the pedagogical 

task, methodology, and questionnaire structure. 

Following this approach, the AI-mediated task was intentionally designed to activate 

mechanisms such as reflection, comparison, evaluation, and decision-making. For example, 

students were required to interact with variable AI-generated responses, interpret feedback, and 

decide whether to accept, modify, or reject suggestions before producing their own written 

answers. This task structure reflects the praxis cycle of action, reflection, and revised action 

while simultaneously creating observable indicators of TBIE mechanisms. 

Similarly, the methodological design and questionnaire construction were informed by the same 

mechanism-based logic. Questionnaire items were developed to capture students’ experiences 

related to interpreting AI responses, evaluating credibility, comparing information, and 

reflecting on responsible AI use. Open-ended responses were analysed as indicators of 
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mechanisms such as cognitive support, reflective thinking, evaluation, and decision-making. In 

this way, TBIE shaped both the collection and interpretation of data by ensuring alignment 

between the research questions, learning activities, and analytical framework. 

 

3.2. Hierarchical Relationship Between the Theoretical Perspectives 

The theoretical framework of this study is structured hierarchically in order to clarify the 

relationship between the different perspectives and avoid conceptual overlap (see Figure 1).  

At the first level, ESD defines WHY and WHAT the study investigates by establishing the 

competencies that are relevant in sustainable education contexts, particularly critical thinking 

and responsibility as action. 

At the second level, praxis explains HOW learning occurs by conceptualizing learning as a 

cyclical process of engagement, reflection, and revised action. In the present study, this process 

becomes visible through students’ interaction with AI-generated feedback. 

At the third level, AI-mediated learning represents WHERE learning occurs. The AI 

environment creates a context characterized by uncertainty, variability, and multiple possible 

interpretations. These conditions require learners to actively engage with information, thereby 

creating opportunities for reflection and evaluation. 

At the fourth level, TBIE explains HOW the learning process is analysed. Rather than focusing 

solely on correct answers or final outcomes, TBIE allows the study to identify the mechanisms 

activated through students’ interaction with AI. Through this framework, processes such as 

reflection, comparison, credibility evaluation, and decision-making become analytically 

observable. 

Accordingly, in the study, these mechanisms also informed the design of the pedagogical task, 

questionnaire, and methodological structure. The AI-mediated activities were intentionally 

designed to encourage learners to interpret, evaluate, compare, and respond to AI-generated 

suggestions, while the questionnaire items were developed to capture indicators of these 

mechanisms through both closed and open-ended responses. In this way, TBIE shaped not only 

the analytical interpretation of the findings but also the overall structure of the learning 

intervention and data collection process. 
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3.3. Integration of Theoretical Perspectives 

The integration of these perspectives is central to understanding the study’s conceptual logic. 

ESD provides the normative foundation by emphasizing the importance of preparing learners 

to engage critically and responsibly with complex knowledge contexts (Rieckmann, 2017). 

Praxis operationalizes this perspective by framing learning as an active process where students 

engage with information, reflect upon it, and revise their understanding through interaction 

(Freire, 2020). 

Within the AI-mediated environment, this process can become significant because learners 

encounter responses that may differ in accuracy, quality, and interpretation. Rather than 

functioning only as a limitation, this uncertainty can create opportunities for students to 

compare responses, evaluate credibility, and make decisions about how information should be 

used (Leal Filho et al., 2025; Nikolopoulou, 2025). In this sense, AI variability acts as a trigger 

for activating learning mechanisms associated with critical engagement. Then, TBIE connects 

these perspectives by providing a mechanism-based interpretation of the learning process. 

Through TBIE, learning is understood not only in terms of outcomes, but also in terms of the 

internal cognitive and behavioural processes activated during interaction with AI-generated 

feedback (Ssossé et al., 2021).  

 

3.4. Limitations of the Theoretical Framework 

Although the framework provides a coherent explanation of AI-mediated learning within an 

ESD context, several limitations should be acknowledged. First, the framework focuses 

primarily on explaining learning processes rather than measuring long-term competence 

development. Thus, the study can identify indications and opportunities for critical thinking and 

responsibility as action, but it cannot claim that these competencies were fully developed. 

Second, the TBIE approach relies on interpreting observable indicators such as students’ 

responses, reflections, and interaction patterns. These indicators may not fully capture internal 

cognitive processes, and therefore the interpretation of mechanisms remains context-dependent 

(Handtke et al., 2022).  
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In addition, the framework is closely connected to the specific classroom context and 

pedagogical design used in this study. Since AI-mediated learning environments vary 

considerably depending on task design, teacher guidance, and platform structure, the activation 

of learning mechanisms may differ across educational contexts. 
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4. Methodological framework

4.1. Case Study: Pedagogical Tool 

Throughout the research, the Nexgen classroom platform provides a pedagogically relevant and 

technically suitable environment for implementing the study's intervention, as it enables the 

integration of AI-mediated learning within a structured classroom context. In line with the 

study’s aims, the platform supports the design of interactive, AI-supported tasks that require 

students to engage actively with generated feedback (Nextgen Classroom, n.d.). Since the 

platform is designed to offer several possibilities for providing tasks to students based on its 

available features, this research study focuses on creating assignments using the AI chatbot/AI-

assistant feature, which is defined as the case study.

Figure 2. NexGen platform and its features

A key strength of the platform lies in its ability to create a dynamic learning environment. The 

platform offers a variety of features that give teachers the possibility to design structured 

assignments (see Figure 2). By using the feature “Build your own task”, teachers can create 

and customize the content, sequence, and interaction of the lesson. This method of teaching 

aligns closely with the aims of the study, as it allows the intentional design of learning activities 

that promote critical thinking and responsibility as deliberate action (see Figure 3). 
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Figure 3. The surface for creating an assignment (the arrow indicates where to create the 

prompt)

As shown in Figure 3, the assignment is constructed by creating a suitable prompt related to the 

task's subject. From the perspective of this study, engaging with AI prompts can be understood 

as a form of action in the learning process, in which students actively initiate interaction with 

the AI assistant rather than passively receive information. As it emerged through a discussion 

with students, they believe that the prompt function helps them deepen their understanding of 

the text and supports vocabulary development. For example, learners ask the AI assistant for 

explanations, feedback, or improvements to their work, such as: “Is my sentence correct? 

Can you make it better?” Based on the prompt they have created, students can select a 

response that is appropriate to their current level of knowledge. This illustrates how students 

position themselves as active participants who think, question, and decide, rather than simply 

follow given answers (see Figure 4). 
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Figure 4. A part of the prompt to create the research task

This interaction reflects a dynamic learning process, where knowledge is continuously shaped 

through dialogue with AI-generated responses. Each prompt-response sequence introduces 

variability, requiring students to interpret, compare, and evaluate information. In this way, 

prompting becomes a mechanism for activating critical thinking, as learners have to assess the 

accuracy and relevance of AI feedback rather than accept it uncritically (Rieckmann, 2017).

The tool for activating the critical thinking mechanism is offered as an “AI chat” feature. This 

feature in the platform supports a critical thinking and praxis-oriented learning process by 

enabling students to actively engage with AI-generated feedback through questioning, 

evaluation, and decision-making. This means that by prompting the AI, learners initiate action, 

then reflect on the responses by comparing and assessing their accuracy and finally take revised 

action by modifying their work. This cycle reflects Freire’s (2020) concept of praxis, where 

learning occurs through the interaction of action and reflection (see Figure 5). 
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Figure 5. Praxis Method: Cycle of learning through the activity

The AI chat method can support a critical thinking environment by encouraging students to 

critically evaluate information and change passive learning into an active, reflective, and 

responsible process (Pham Xuan & Håkansson Lindqvist, 2025).   

4.1.1. Design a pilot: Creating the Assignment.

To ensure the feasibility and pedagogical alignment of the AI-supported assignment, a short

task was first tested with five students. This task served as a simplified version of the main 

classroom activity. The students who participated in the pilot were also included in the main 

analysis; however, the pilot was used only to refine the task and instruments.

The purpose of the pilot was to test and refine the design of the AI-mediated task, the structure 

of the questionnaire, and the alignment between the research questions and data collection 

instruments. The pilot was carried out in a classroom setting similar to the main study context, 

involving students at the same educational level. During this phase, the AI-mediated learning 

activity was implemented using the Nexgen Classroom platform. Students engaged in a 

structured task that combined reading and listening with AI-supported interaction, followed by 

written responses. This allowed the researcher to observe how students interacted with AI-

generated feedback and whether the task design effectively encouraged interpretation, 

evaluation, and decision-making, in line with the study’s focus on ESD competencies.
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A key focus of the pilot was to evaluate the clarity, relevance, and functionality of the 

questionnaire items. During the pilot, particular attention was given to whether students 

understood the questions as intended and whether their responses provided meaningful insights 

into their interaction with AI. Based on the pilot results, several adjustments were made, 

including simplifying question wording, refining response options, and ensuring clearer 

alignment with the research questions. The whole process of designing the pilot and later 

assessing the content for the main task was developed with the help of several collaborative 

discussions with the English teacher.  

The pilot also informed the coding strategy for open-ended responses. In a way, the pilot 

provided general insights into students’ level of engagement with the platform and how they 

use AI-mediated learning. Initial analysis of student answers for the pilot allowed for the 

refinement of categories linked to TBIE mechanisms. This process also supported the 

development of more transparent and consistent content for the main task to ensure that student 

responses could be systematically interpreted in relation to the study’s analytical approach. 

In addition, the pilot provided insights into the functioning of the AI-mediated task itself, 

including the effectiveness of prompts, the pacing of the activity, and the level of student 

engagement. Minor adjustments were made to the task design, such as clarifying instructions 

and improving the sequencing of activities to better support the praxis cycle of action, 

reflection, and revised action. 

Eventually, the pilot contributed to enhancing both the validity and reliability of the study. 

Validity was strengthened by ensuring that the task and questionnaire were aligned with the 

theoretical framework and research questions, while reliability was supported through 

improved clarity, consistency, and structure of the instruments (Pham Xuan & Håkansson 

Lindqvist, 2025). Although the pilot did not aim to produce generalizable results, it provided 

essential insights that informed the final design of the study and increased the robustness of the 

data collection process. 

4.1.2.  Research Task    

Based on the pilot, a full-scale assignment was designed and implemented with all students 

across three ninth-grade classes. The assignment was created using the “Build your own 

assignment” feature in the Nexgen Classroom platform by enabling the integration of the AI-
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assistant interaction, which is called “AI-chat”.  This feature allows students to actively engage 

by asking questions, responding to prompts, and participating in a structured dialogue. This 

interactive format positions students as active participants who initiate communication, rather 

than passive recipients of information. 

In relation to critical thinking as one of the goals of study, the prompt requires students to go 

beyond recalling information and instead interpret, explain, and reflect on the content. Through 

the AI chat, students ask questions such as “Is my answer correct?” or respond to prompts like 

“What is one thing that happened in this chapter?”, which encourages them to articulate their 

understanding. The instruction “Help the student explain their thinking, not only give short 

answers” further supports analytical engagement. A part of the prompt is shown in Appendix 

4. This method of creating assignments can eventually be aligned with the research goals where 

learners are expected to critically evaluate information and engage with knowledge in uncertain 

contexts (Rieckmann, 2017). The conversational nature of the AI chat allows for continuous 

questioning and feedback, fostering a process of guided reflection and deeper reasoning (Pham 

Xuan & Håkansson Lindqvist, 2025).  

At the same time, the AI chat supports responsibility as an action by requiring students to 

actively make decisions during the interaction. As students communicate with the AI assistant, 

they have to consider feedback, decide how to respond, and adjust their answers, which reflects 

the praxis cycle of action–reflection–revised action (Freire, 2020). Rather than relying 

automatically on AI responses, learners are encouraged to take ownership of their learning, 

justify their choices, and engage with feedback critically. This process indicates a sign of 

development in responsibility as a form of deliberate and accountable action (Rieckmann, 

2017). Furthermore, the AI chat creates a dynamic learning environment, where interaction 

evolves through dialogue and multiple exchanges. Students are exposed to varying responses 

and need to continuously interpret and evaluate information, reflecting the complexity of real-

world knowledge systems emphasized in ESD. In this way, the AI assistant functions not only 

as a support tool but as a pedagogical mechanism that enables students to practice critical 

thinking and responsible decision-making through active communication (Rieckmann, 2017). 

The task was designed to follow a practice-oriented learning cycle that includes Action: 

engaging in reading, listening, and interacting with the AI chat; Reflection: evaluating AI 

responses and understanding the text; and Revised Action: responding to the task questions, 
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shown in Appendix 5,  based on what they have learned from the AI chat and their own 

understanding.  

In this sense, the assignment combined reading, listening, AI-supported discussion, and writing 

by targeting English proficiency at approximately the B1 level. This multi-section design 

created a dynamic learning environment, where students encountered multiple forms of input 

and engaged in continuous interaction with AI-generated feedback (Tafese & Kopp, 2025) (see 

Figure 4). 

Table 1: The task Tutor instructions 

 

The lesson task presented in Table 1 is particularly designed to be aligned with the study’s 

research questions by structuring learning as a dynamic, praxis-oriented process to support 

critical thinking (RQ1) and responsibility as deliberate action (RQ2). Each phase of the task 

reflects a specific stage in the cycle of the praxis process of learning and follows a critical 

thinking purpose accordingly. Note that the times allocated to each phase serve only as 

instructions for carrying out the task and will not be included in the findings or in the task 

assessment process. 
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In Phase 1 (Reading + Listening), students are introduced to the content, including a chapter 

from the selected book, which is provided as a printed text to help them focus more closely on 

individual words while they listen to the chapter. This phase prepares students for deeper 

engagement by helping them understand key events, meanings, and language in the text. From 

an ESD perspective, it provides the necessary foundation for learners to later critically evaluate 

information, as they first need a clear understanding to question and reflect on it (Rieckmann, 

2017). 

In Phase 2 (AI Chat Interaction), the task directly addresses RQ1 by engaging students in a 

dynamic dialogue with the AI assistant. Through this interaction, students ask questions, 

interpret responses, and clarify their understanding of the text. The variability of AI-generated 

feedback requires learners to compare information, evaluate accuracy, and reflect on meaning, 

which are central processes of critical thinking within ESD. This phase represents the action 

and reflection stages of the praxis cycle, where students actively engage with knowledge and 

begin to question it. 

In Phase 3 (Written Response Task), the focus shifts toward RQ2, as students are required to 

produce their own responses based on reading, listening, and AI interaction. This phase 

emphasizes responsibility as action, as learners have to make informed decisions about how to 

use the information they have encountered. They decide what to include, how to address their 

understanding, and how to justify their answers. This process reflects the skill to act responsibly 

in complex contexts, which aligns with the definition of responsible action as reflective and 

accountable decision-making (Gallwey, 2016; Rieckmann, 2017).  

In Phase 4 (Feedback and Review), the learning process is consolidated through reflection and 

evaluation. By reviewing AI chat logs and student responses, the teacher supports students in 

recognizing strengths and areas for improvement. This phase develops the revised action stage 

of praxis, in which learners reflect on their previous decisions and refine their understanding. 

It also creates an opportunity to render the learning process visible, an essential aspect of a 

TBIE approach, by informing both the guiding learning mechanisms and the evaluation of the 

educational process. (Ssossé et al., 2021). After completing all phases of the assignment, the 

questionnaire is given to students to reflect on their experience with the AI assistant tool for 

their learning.  
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4.2. Research Context and Participants 
 

As mentioned, the study was conducted in a Swedish lower secondary school with students 

aged 15–16 (Grade 9), where English is taught as a second language. A total of 56 students 

participated across three classroom sessions. The educational context is guided by the Swedish 

curriculum, which emphasizes learner-centred approaches and aligns with ESD principles of 

critical engagement, responsibility, and active participation (Skolverket, 2022).  

The intervention was implemented by using the Nextgen Classroom platform, an AI-supported 

digital learning environment that enables teachers to design structured assignments, monitor 

student interactions, and provide feedback (Nextgen Classroom, n.d.). The platform allows for 

real-time tracking of student engagement and supports interactive dialogue through AI-

generated responses. 

4.3. Data Collection   
 

Data for this study were collected through a combination of platform-based learning analytics 

and student self-reported reflections. This method provides a comprehensive understanding of 

both learning processes and learner experiences. The primary data source was the Nextgen 

Classroom platform, which records students’ interactions during AI-mediated tasks by 

including chat exchanges, participation patterns, and performance indicators. These interaction 

logs provide valuable insight into how students engage with AI-generated feedback as a 

dynamic learning process, characterized by variability, ongoing interaction, and decision-

making (Nikolopoulou, 2025). From an ESD perspective, such data are essential for examining 

how learners critically evaluate information and respond to ambiguity within evolving 

knowledge contexts (Leal Filho et al., 2025; Rieckmann, 2017). 

To complement the platform data, questionnaires were used to capture students’ reflections on 

their learning experiences and interactions with AI. The questionnaires were administered 

individually, by providing students with an opportunity to reflect on their use of the AI assistant 

for learning. They focused on how students interpreted AI-generated feedback, the strategies 

they used to evaluate its reliability, and how they made decisions to accept, modify, or reject 

suggestions.  
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In a wide view, as shown in Appendix 6, the questionnaire follows a sequence as “Section → 

Data → Mechanism → RQ → Theory” which represents a logical flow that connects the design 

of the questionnaire to the overall purpose of the study. Each questionnaire section (Section) 

collects specific types of information (Data), such as students’ interactions, reflections, or 

decisions. This data is then used to identify underlying learning processes (Mechanism), such 

as reflection and evaluation, in line with the TBIE framework (Ssossé et al., 2021). These 

mechanisms address the research questions by showing how critical thinking and responsibility 

as action develop in practice. For instance, Sections 1 and 2 (AI use and understanding AI 

feedback) focus on how students interact with the AI assistant and how they interpret its 

responses. These sections are designed to capture mechanisms related to reflection and 

comparison, which are central to supporting critical thinking. In these sections, the items ask 

whether students notice differences in AI responses or use the tool to improve their 

understanding. In Sections 3 and 4 (source credibility and responsible AI use), the questions 

focus on how students evaluate information and make decisions about using AI-generated 

feedback. The sections aim to capture mechanisms related to evaluation and decision-making, 

which are essential for developing responsibility as action. Items include questions about 

checking sources, verifying information, and deciding whether to accept or modify AI 

suggestions (Tafese & Kopp, 2025).  

The final section, Section 5 (open-ended responses), allows students to describe their 

experiences in their own words. This section is designed to provide deeper insight into how 

students think, reflect, and make decisions during the learning process. It helps identify 

additional mechanisms, such as cognitive conflict or uncertainty, which may not be fully 

captured through structured items. Having a valuable insight from students’ perspectives, the 

questionnaire includes both closed-ended and open-ended questions. Closed-ended questions 

provide measurable patterns (e.g., frequencies and percentages), while open-ended responses 

offer qualitative insights into students’ reasoning and experiences. The data gathered from this 

combination of questions enables a more comprehensive analysis of how learning occurs. 

On the other hand, the validity of the questionnaire is ensured through its alignment with the 

study’s theoretical frameworks, namely ESD, praxis, and TBIE. Rather than measuring static 

outcomes, the questionnaire is designed to capture underlying learning processes and 

mechanisms such as reflection, comparison, evaluation, and decision-making. Each set of 
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questions is directly linked to the research questions: items related to noticing differences in AI 

responses indicate reflection and comparison (critical thinking), while items related to checking 

sources or deciding whether to accept AI feedback indicate evaluation and decision-making 

(responsibility as action). This ensures construct validity, as the instrument measures how 

learning occurs in practice. In addition, by focusing on students’ responses to AI-generated 

variability and ambiguity, the questionnaire reflects the dynamic nature of AI-mediated 

learning environments (Nikolopoulou, 2025), thereby strengthening its ecological validity. 

Reliability in this study is addressed through consistency in design and the use of multiple data 

sources. The questionnaire includes structured response formats across sections, allowing for 

consistent interpretation of student responses. However, given that AI-mediated learning 

environments are inherently dynamic and non-deterministic, reliability is not understood as 

producing identical results, but as identifying consistent patterns in learning mechanisms across 

students (Handtke et al., 2022). To strengthen reliability, the study applies methodological 

triangulation by combining questionnaire data with platform-based learning analytics. While 

platform data captures students’ observable actions, the questionnaire provides insight into their 

reasoning and decision-making processes. These data sources allow for cross-validation and 

provide a more robust understanding of how critical thinking and responsibility as action can 

be improved in AI-mediated learning contexts (Ssossé et al., 2021). 

Considering the decisive role of the questionnaire in gathering students’ reflections, the 

questions were administered to students after the activity. The questionnaire template was 

provided originally in Swedish and has been translated into English for the findings section of 

the thesis (see Appendix 6). As discussed, to generate meaningful data for analysis, the 

questions in Sections 1–4 were designed with four alternative response options. In Section 5, 

students were asked several open-ended, critical questions to elaborate on their experiences 

with the AI assistant throughout the lessons. Furthermore, because these questions are 

qualitative in nature, the questionnaire also included a blank response option to allow students 

to present their reflections freely. 

4.4. Method for Data Analysis  
 

The data analysis in this study is designed to align with the qualitative, design-oriented research 

approach and the TBIE framework adopted in the study. Given that data were collected through 
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two complementary sources, the Nexgen platform-generated learning analytics and post-

activity questionnaires, the analysis combines both quantitative and qualitative methods to 

capture learning as a dynamic and process-oriented phenomenon. 

The first stage of analysis focuses on quantitative descriptive analysis of platform-based data 

generated by the Nexgen Classroom system. This includes AI chat engagement and 

performance indicators such as correct, partially correct, and incorrect responses. These data 

provide insight into students’ observable learning behaviours by allowing the study to identify 

patterns of engagement and progression across different phases of the task. Within the TBIE 

framework, these metrics are not interpreted just as outcomes but also as evidence of learning 

conditions and engagement mechanisms that support critical thinking and responsibility (Ssossé 

et al., 2021). The data analysis in this study is guided by a TBIE framework, which focuses on 

explaining “how” and “why” the AI-mediated learning intervention creates opportunities to 

influence critical thinking and responsibility as action, rather than merely describing its 

outcomes (Ssossé et al., 2021). This approach focuses on how students respond to variability 

and uncertainty in AI assistant feedback, which activates key learning mechanisms such as 

reflection, comparison, evaluation, and decision-making (Handtke et al., 2022; Ssossé et al., 

2021).  

The analysis draws on two main sources of data: 1) platform-based learning analytics from the 

Nexgen Classroom system and 2) students’ responses to structured questionnaires. The 

questionnaire data are analysed descriptively in order to use frequencies and percentages for 

the evaluation framework. Within the TBIE framework, each questionnaire item is treated as 

an indicator of a specific mechanism. For example, items related to noticing differences in AI 

responses are interpreted as indicators of reflection and comparison. The mechanism 

concerning cognitive skills is activated when the learner verifies sources or decides whether to 

accept AI suggestions, which are interpreted as indicators of evaluation and decision-making 

processes (Handtke et al., 2022).  

On the other hand, the first stage of the analysis focuses on descriptive statistics derived from 

the questionnaire data. Response distributions are examined to identify the extent to which 

students report engaging in specific practices, such as comparing AI responses, verifying 

information, or relying on external sources. These descriptive findings provide empirical 

evidence of whether the expected mechanisms are activated during the learning process 
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(Handtke et al. 2022; Holst et al. 2024). For instance, a higher proportion of students reporting 

that they notice differences in AI responses demonstrates that the intervention successfully 

created conditions for reflective and comparative thinking. Conversely, lower frequencies of 

source-checking behaviour indicate that responsibility-related mechanisms are only partially 

activated. 

The second stage of analysis involves linking these descriptive findings to the mechanism that 

contributes to answering the research questions. This step evaluates the strength of each causal 

link in the intervention logic by assessing whether the observed patterns in the data support the 

expected relationships between activities, mechanisms, and outcomes (Ssossé et al., 2021). For 

example, if students report comparing AI responses and making decisions about which 

suggestions to use, this provides evidence that the mechanisms of evaluation and decision-

making are functioning as intended. These mechanisms are then interpreted as contributing to 

critical thinking. Similarly, responses related to verifying information and recognizing the need 

to check AI outputs are used to assess the opportunity of improving responsibility as an action. 

The final stage of analysis involves assessing the overall contribution of the intervention by 

examining the consistency and strength of evidence across different indicators. As discussed in 

the theoretical framework, the TBIE approach informed not only the analytical process but also 

the design of the pedagogical task, questionnaire structure, and overall methodological 

approach. To analyse students’ open-ended responses, the study applied a qualitative content 

analysis approach grounded in qualitative data analysis literature (Schreier, 2012). This 

approach enabled the systematic interpretation of students’ reflections, experiences, and 

interaction patterns within the AI-mediated learning environment. 

The analysis followed a combined deductive–inductive coding process. Initially, responses 

were coded deductively according to predefined TBIE mechanisms, such as reflection, 

comparison, evaluation, credibility assessment, and decision-making (Handtke et al., 2022; 

Schreier, 2012). Through repeated reading of the data, the coding categories were then refined 

inductively to capture emerging patterns and contextual meanings reflected in students’ 

responses. This process allowed the analysis to move beyond simple description and instead 

identify how interaction with AI may create opportunities for activating learning mechanisms 

associated with critical thinking and responsibility as action (Handtke et al., 2022).  
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The analysis also considered contextual factors that may influence the activation of 

mechanisms, including task structure, AI variability, teacher guidance, and students’ previous 

experiences with AI tools (Handtke et al., 2022). By incorporating these contextual dimensions, 

the TBIE framework provided a more nuanced understanding of how learning processes 

operated within the intervention. Accordingly, the analysis aimed not only to describe students’ 

perceptions but also to explain how AI-mediated interaction may contribute to reflective 

engagement, evaluation processes, and emerging forms of responsible decision-making (Ssossé 

et al., 2021). 

4.5. Ethical considerations  
 

This study was conducted in accordance with established ethical guidelines for educational 

research, with particular attention to informed consent, anonymity, and data protection. The 

provided consent letter is found in Appendix 3.  Before conducting the research and collecting 

the data, students were informed about the purpose of the study and their right to withdraw at 

any time without any negative consequences. Consent was obtained in line with institutional 

guidelines provided by the University of Gothenburg (n.d.), and the study was conducted in 

collaboration with the classroom teacher to ensure transparency and appropriateness. To protect 

participants’ privacy, no personal identifiers such as names or images were collected, and all 

data were handled anonymously. In terms of data protection, the study relied on platform-

generated data from the Nexgen Classroom system and questionnaire responses. All data were 

treated confidentially and used solely for research purposes. The analysis focused on aggregated 

results rather than individual performance, ensuring that no student could be identified. 

Additionally, the use of the platform complied with school policies regarding digital tools and 

student data. 

The study also addressed ethical considerations related to the use of Artificial Intelligence in 

education, particularly regarding reliability, student dependence, and the responsible use of 

digital tools. In line with recommendations from Skolverket (2024), students were explicitly 

informed that AI-generated responses should not be treated as fully reliable sources of 

knowledge. Instead, they were encouraged to critically evaluate, compare, and verify 

information, which reflects the need for pedagogical guidance when integrating AI into 

classroom practice. 
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5.  Research Findings 
 

5.1. Findings from Nexgen Platform Data 
 

According to the findings from the Nexgen Classroom platform data, it provides quantitative 

insight into students’ engagement, participation, and performance during the AI-mediated 

learning task. The result indicates a high level of participation, with approximately 89% of 

students completing the AI chat activity, indicating strong engagement, which suggests that the 

AI chat environment successfully created opportunities for active learning and interaction (see 

Figure 6).  

 

Figure 6. AI Chat Interaction Data Showing Student Participation and Response Length 

As shown by the arrow in Figure 6, it includes differences in the number of words and sentences 

produced during AI interaction. The variation in students’ written outputs, particularly the 

presence of longer and more elaborated responses (e.g., up to 168 words), demonstrates that 

some students moved beyond simple recall and engaged in more developed explanations. These 

extended responses often include interpretation, reasoning, or connections between ideas, rather 

than only stating facts. In contrast, shorter responses (e.g., 41 words) tend to focus on basic 

description or recall of information. For example, one student wrote, “Harry goes to the Ministry 
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and hears something strange,” whereas another wrote, “Harry hears a voice that others cannot hear, 

which makes him confused and worried.” In terms of performance, around 49% of students produced 

correct or partially correct answers, indicating that a portion of students were able to interpret and apply 

information from the task (See Figure 7). The variety in students’ performance indicates that they 

have been engaged with the AI assistant, respond to feedback in order to complete the task, and 

ask for suggestions and alternatives for clarifying their answers. During the chat with the AI 

assistant, it creates opportunities for students to expand, modify, or keep their original 

responses. For example, students who produced longer and more elaborated answers appear to 

have used the AI feedback to further improve their responses, whereas those who provided 

shorter answers may have relied less on the AI interaction or chosen not to revise their work.

Figure 7. AI Chat Participation Data according to answering the task’s questions

5.2. Questionnaire Findings

Findings from Multiple Response Questions: As previously mentioned, the questionnaire is 

organized into five sections to elicit students’ reflections on learning with the support of an AI 

assistant. In this section of the findings, several students selected multiple response options 

simultaneously. To provide a more meaningful and coherent interpretation of the data, related 

responses were grouped into broader analytical categories. This approach allowed the study to 

capture overall patterns of students’ experiences and perceptions, for instance, in relation to 

positive engagement and ease of AI use, while ensuring that all student responses were 

systematically considered within the analysis.
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AI Use and Using AI feedback (Sections 1 & 2): As shown in Figure 8, the results from Sections 

1 and 2 show that students generally found the AI assistant accessible and supportive, with 

23.8% reporting it as easy to use and many indicating that it was neither difficult nor 

challenging. To gain a better understanding, refer to the figure keys beneath Figures 8 and 9.

Figure 8. Questionnaire responses visual analysis (sections 1&2)

Del.1 Keys for Use of AI (Section 1)

Del.2 Keys for Understanding AI (Section 2)
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Open responses (option to add comments to open-ended questionnaire responses for analysing 

findings), further support this finding, as students highlighted benefits such as grammar 

correction, vocabulary support, and idea generation, while also pointing out challenges related 

to unclear or complex feedback (36.9%). These findings indicate that students did not rely on 

the AI to complete tasks automatically; instead, they used it as a support tool to improve their 

understanding, writing, and ideas. 

Understanding AI Feedback (Section 2): In this section, a key finding is that 37.0% of students 

noticed differences when asking the same question multiple times. This indicates that the 

students already have. This suggests that some students were aware of AI variability on the 

Nexgen platform when studying their English lessons. It indicates an awareness of AI 

variability, which creates a dynamic learning condition. In other words, they critically 

questioned the AI about the research task they were given and answered the task questions after 

evaluating the AI’s responses by considering their own understanding and deciding what they 

believed to be the correct answer. 

Source Credibility and Responsible use (Sections 3 & 4): The findings from Sections 3 and 4 

reveal mixed results regarding students’ ability to evaluate sources. A noticeable proportion of 

students (30.4% and 20.0%) reported that they “rarely” or “never” checked sources, while a 

smaller group (18.5% and 19.3%) engaged in more frequent verification. This variation 

suggests that critical evaluation skills still have the chance of improvement, according to 

evidence in Figure 9. 

Figure 9. Questionnaire responses visual analysis (sections 3&4)
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Del 3. Keys for Source Credibility (Section 3)

Del 4. Keys for Responsible AI Use (Section 4)

However, students report stronger awareness of responsible AI use, with 47.2% and 21.6%

recognizing the importance of verifying information and using AI as an assistant tool. The data 

suggest that students are beginning to understand the impact of the responsibility of action, even 

if their practices are not yet consistent (see Figure 9). 

Findings from Open-ended questions: This section presents an integrated analysis of the 

findings from the open-ended questionnaire responses (Q11 and Q12), structured within a TBIE 

framework. Table 2 shows that the findings were extracted through a qualitative content 

analysis approach using a combined deductive–inductive coding process. Following the initial 

coding stage, the responses were reread several times to identify recurring patterns, contextual 

meanings, and variations in students’ experiences with AI-mediated learning. During this stage, 

additional subcategories emerged inductively from the data itself. For example, within the 

broader mechanism of Evaluation and Comparison, responses related to “AI can make 

mistakes” and “not trustworthy” were grouped under credibility evaluation, while responses 

such as “ask the same question many times” were interpreted as comparison-related 

engagement. The coding process also allowed responses to be associated with more than one 

mechanism when students’ statements reflected overlapping learning processes. For instance, 
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a response describing AI as “helpful but confusing” could simultaneously indicate reflective 

thinking, evaluation, and cognitive uncertainty.  

Table 2. TBIE Mechanism Categorization Based on Questionnaire Q11 & Q12  

 
Mechanism 

 
Sub-mechanism 

 
Description (What it 

shows) 

 
Evidence from Student 

Expressions 

Cognitive Support 
(Action) 

Language 
improvement 

Students use AI to 
improve writing, 
grammar, and 
vocabulary 

“Better writing”, “Correcting 
sentences”, “Grammatic 
check”, “Helpful for writing”, 
“New words”, “Better 
sentences and words” 

Idea generation AI supports generating 
and improving ideas 

“Gives good ideas and tips”, 
“Find better ideas” 

Understanding 
content 

AI helps students 
understand text and 
connect ideas 

“Better understanding of the 
text”, “Find a connection 
between sources” 

Reflective Thinking 
(Reflection) 

Awareness of 
learning 

Students reflect on 
how AI supports their 
thinking 

“Helps me to use my brain”, 
“Better way of learning” 

Awareness of AI 
limitations 

Students recognize 
issues in AI responses 

“Answers make no sense”, 
“No clear responses”, “Too 
long answers”, “Hard to 
understand feedback” 

Evaluation & 
Comparison 

Judging AI 
quality 

Students evaluate 
accuracy and 
usefulness of responses 

“Gives incorrect answers”, 
“Sometimes lies”, “Not what I 
asked for” 

Decision-Making 
(Responsibility as 
Action) 

Comparing 
responses 

Students question and 
re-ask to compare 
outputs 

“Ask the same question many 
times” 

Accept / reject 
AI output 

Students decide 
whether to trust or use 
AI responses 

“Never accept completely”, 
“Sometimes not trustworthy”, 
“AI can make mistakes” 

Selective use of 
AI 

Students choose how 
to use AI as a support 
tool 

“Better to learn from a 
teacher”, “It is not human” 

Cognitive Conflict / 
Uncertainty (Trigger 
Mechanism) 

Confusion and 
difficulty 

AI creates 
uncertainty that 
requires 
interpretation 

“Hard to understand 
feedback”, “Feedback is 
complex”, “Good but 
confusing” 

Trust issues Students experience 
doubt about AI 
reliability 

“Sometimes not correct”, 
“Not trustworthy” 

Affective Response 
(Contextual Factor) 

Positive 
engagement 

 
Students find the tool 
useful and easy 

“Good platform”, “Easy to 
work with”, “Very good” 
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Negative 
engagement 

Students experience 
frustration or 
disengagement 

“Hard to work”, “Boring”, 
“I don’t understand why I 
need to use it” 

 

This approach enabled a more nuanced interpretation of the data by recognizing that learning 

processes in AI-mediated environments are dynamic and interconnected rather than isolated 

categories. To improve analytical consistency, the coding categories were continuously 

compared with the research questions, theoretical framework, and emerging data patterns 

throughout the analysis process. The majority of responses were associated with reflective 

thinking and evaluation mechanisms, while fewer responses demonstrated explicit 

responsibility-related practices such as source verification or critical checking of information. 

This transparency in the coding procedure strengthens the trustworthiness of the analysis by 

clarifying how the findings were systematically interpreted in relation to the TBIE framework 

and the study’s focus on critical thinking and responsibility as action. 

5.3. Data Mechanism-Based Analysis of Findings 
 
The findings from both the platform data and questionnaire responses suggest that the AI-

mediated learning environment created opportunities for activating several learning 

mechanisms associated with critical thinking and responsibility as action. 

Platform Data Analysis: The analysis of platform-based data from the Nexgen Classroom 

system provides insight into students’ learning processes by examining how interactions with 

AI activate key learning mechanisms, as defined by the TBIE approach to data assessment. One 

of the mechanisms that initiates the learning process is the Action Mechanism. The high 

participation rate (approximately 89%) indicates that students were actively engaged in the AI-

mediated task. From a TBIE perspective, this engagement can be understood as evidence of the 

action mechanism, in which learners initiate interaction with the AI assistant by asking 

questions, responding to prompts, and engaging in dialogue (Handtke et al., 2022). According 

to the findings, the method for creating the research task that activates the praxis cycle enables 

students to move from passive reception to active participation. The data also suggests that the 

AI chat environment functions as a trigger for engagement, demonstrating that the task activates 

cognitive mechanisms by requiring students to interact with knowledge as feedback from the 

AI rather than simply accepting it (Ssossé et al., 2021).  
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In addition, the variation in students’ written outputs, ranging from shorter to more elaborated 

responses (see Figure 6), reflects differences in how these mechanisms are activated. Some 

students engage more deeply with AI feedback and produce extended responses, whereas others 

remain at a more descriptive level. In this sense, it needs to address an important aspect of the 

platform data, namely, the role of AI variability in introducing inconsistency by offering 

multiple possible responses. For instance, during the AI chat phase regarding the research task,  

shown in Table 1, students were asked open questions such as “What happened in the chapter?” 

or “Why do you think the character acted this way?” In response, it indicates variation in 

students’ written outputs, with some students producing short answers and others developing 

longer responses. A student with a shorter answer might simply state: “Harry goes to the 

Ministry and hears something strange.” In contrast, a student with a longer response might 

write: “Harry hears a voice that others cannot hear, which makes him confused and worried. 

This indicates something is different about him, and it could be important later in the story.” 

This difference in performance reflects varying levels of critical thinking. The longer response 

can suggests that the student is not only recalling events but also interpreting meaning (why the 

event matters), connecting ideas (linking events to future consequences), and explaining 

reasoning. The platform’s findings also suggest that students engaged in AI-supported dialogue, 

where they received feedback and follow-up questions. For instance, when a student asked the 

AI, “Is this correct?”, the AI might respond with suggestions or alternative explanations. This 

strategy for responding to students’ questions about how and with which limitations the task 

should be completed is developed by the teacher/researcher when creating specific prompts 

related to the task design (see Appendix 4). The students’ responses indicate that they had to 

decide whether to accept, modify, or reject the feedback, as reflected in how their final written 

answers differed from their initial responses. According to the TBIE, this reflects the activation 

of the evaluation of AI responses, the comparison of different interpretations, and the choice of 

how to revise their answer, which simultaneously affects students’ responsibility for action and 

appears to be linked to critical thinking. For example, a student has initially written: “Harry is 

scared because he hears voices.” The AI assistant (according to the given prompt for the task) 

system may suggest: “You can explain more about why he is scared and what the voice means.” 

At this point, the student faces a decision. One student may choose to revise the answer: “Harry 

is scared because he hears a voice that others cannot hear, which makes him feel confused and 

different.” However, another student may keep the original short answer or only partially 
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modify it. This challenge highlights the need for improving responsibility in decision-making, 

especially in situations where AI suggestions are not always final or fully reliable. 

Within the TBIE framework, this variation is interpreted as evidence of differentiated activation 

of reflective and evaluative mechanisms, as learners interpret AI responses, compare 

alternatives, and construct their own understanding (Ssossé et al., 2021). From a dynamic 

learning perspective, this corresponds to the reflection stage of praxis, where learners critically 

engage with content. In this process, critical thinking operates as a central mechanism that 

drives learning forward. Students analyse, compare, and evaluate AI-generated information to 

make sense of it, rather than simply accepting it. Therefore, to address RQ1, critical thinking is 

not only an outcome of the learning process but an active mechanism that shapes how learning 

occurs in AI-mediated environments (Crompton et al., 2024; Rieckmann, 2017). 

According to the platform, the results suggest that approximately 49% of students produced 

correct or partially correct responses (see Figure 7). Within the TBIE framework, this is not 

only interpreted as a performance outcome but as evidence that the learning design activates a 

sequence of cognitive mechanisms throughout the learning process. The task requires students 

to engage with AI-generated feedback, which is often variable and open to interpretation. This 

learning process activates mechanisms such as reflection and evaluation, which are essential 

for critical thinking improvement. This method of learning also creates conditions in which 

critical thinking is continuously applied as part of the learning process (Handtke et al., 2022). 

The results also indicate that the task’s design ultimately activates a decision-making 

mechanism, which is central to responsibility as action and addresses RQ2. The variation in 

students’ responses and completion patterns points out that learners do not follow a single path 

to correctness, but instead make individual choices about how to use AI feedback. From a TBIE 

perspective, this reflects the transition from reflection to revised action, where students act upon 

their evaluation by selecting, modifying, or rejecting AI-generated suggestions (Ssossé et al., 

2021). However, the differences in response length, structure, and revision provide observable 

evidence of the diversity of students’ learning progress. Yet, there is still an indication of sign 

of responsibility, as students make their own decisions to either confirm or reject the feedback 

provided by AI.  

Questionnaire Analysis: The analysis of questionnaire data is conducted using the TBIE 

approach, in order to analyse students’ process of learning from their perspectives. As shown 
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in Table 2, the findings are analysed grounded on following a mechanism-based coding 

strategy, where both closed-ended and open-ended responses are mapped onto predefined 

categories: cognitive support (action), reflective thinking, evaluation and comparison, decision-

making (responsibility as action), cognitive conflict/uncertainty, and affective response. Each 

response is analysed in relation to what it reveals about how students interact with AI-generated 

feedback and how this interaction contributes to the learning process. 

AI Use and Learning Support (Sections 1 & 2): Descriptive analysis (Figure 8) suggests that a 

large proportion of students selected A3 (36.9%) and A2 (30.3%), indicating frequent to 

moderate use of AI, while 23.8% reported it as easy to use. Open responses further reveal that 

students used AI for grammar correction, vocabulary development, and idea generation, while 

also recognizing challenges such as unclear feedback. Using the TBIE framework, responses in 

these sections are coded as indicators of cognitive support (action) and reflective thinking 

(reflection) mechanisms. Closed-ended responses are analysed descriptively (frequencies and 

patterns), while open-ended responses are examined through mechanism-based coding. In these 

sections, responses such as “better writing,” “correcting sentences,” and “new words” are 

coded as evidence of cognitive support, specifically language development and idea generation. 

These responses indicate how students use AI as a tool to support task completion. At the same 

time, statements such as “helps me to use my brain” and “better way of learning” are analysed 

as indicators of reflective thinking by suggesting awareness of how AI interaction contributes 

to their learning process. 

In addition, responses that highlight difficulties, such as “answers make no sense” or “hard to 

understand feedback,” are coded as awareness of AI limitations and linked to the cognitive 

conflict/uncertainty mechanism. Within the TBIE framework, these responses are interpreted 

not as failures but as triggers that activate reflection and further engagement with the task 

(Handtke et al., 2022).  

To analyse sections 3 and 4, Source Credibility and Responsibility, the descriptive findings in 

Figure 9 reveal an important distinction between awareness and practice, which is central to 

understanding responsibility as action. While a considerable proportion of students reported 

that they rarely or never checked sources (30.4% and 20.0%), a much higher percentage 

demonstrated awareness of responsible AI use (47.2% and 21.6%). These findings are coded 

primarily as indicators of evaluation & comparison mechanisms and decision-making 
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(responsibility as action). Statements such as “gives incorrect answers,” “sometimes lies,”  

and “not what I asked for” are analysed as evidence of judging AI quality, reflecting the 

evaluation mechanism. These responses indicate that students are actively assessing the 

reliability and relevance of AI outputs. Similarly, responses such as “ask the same question 

many times” are coded as comparison behaviour, indicating how students re-engage with the 

AI to check or refine information. The decision-making mechanism is identified through 

responses such as “never accept completely,” “AI can make mistakes,”  and “better to 

learn from a teacher.” These results are analysed as indicators of how students make choices 

about accepting, rejecting, or selectively using AI-generated feedback. Within the TBIE 

framework, this reflects the transition from evaluation to revised action, where learners act upon 

their judgments. 

Findings from the open-ended responses on learning mechanisms (Q11 and Q12) were 

descriptively analysed and categorized according to TBIE mechanisms in order to explain how 

learning occurs within the AI-mediated environment. As presented in Table 2, students’ 

responses reveal a set of interconnected mechanisms that together shape the learning process. 

This section provides evidence across multiple mechanisms simultaneously. For example, 

statements related to improvement in writing and idea generation are coded as cognitive 

support, while expressions reflecting awareness of learning are linked to reflective thinking. At 

the same time, responses that address confusion, such as “good but confusing” or “feedback 

is complex,” are analysed as indicators of cognitive conflict/uncertainty, which function as 

triggers for further reflection and evaluation. 

In addition, responses that indicate trust or doubt, such as “not trustworthy” or “AI can make 

mistakes,” are coded as part of the evaluation and decision-making mechanisms by suggesting 

how students assess and respond to AI outputs. In this way, evaluation and decision-making 

work together to support the responsibility as action, where learners take an active role in 

judging and using information. For instance, some affective responses, including both positive 

“easy to work with” and negative “boring”, are analysed as contextual factors that influence 

the strength and activation of other mechanisms. The positive engagement may support the 

activation of reflection and evaluation, while negative engagement may limit students’ 

willingness to interact with AI and engage in deeper thinking. Therefore, affective responses 
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shape the conditions under which mechanisms such as reflection, evaluation, and decision-

making development (Handtke et al., 2022). 
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6. Discussion 
6.1. Findings respond to Research Questions  

The study set out to examine how AI-mediated learning supports the possibility of critical 

thinking and responsibility as action improvement within an ESD framework. Throughout the 

design and implementation of the research method, a praxis-oriented approach was used to 

develop an assignment that follows principles of dynamic learning. The reason for this method 

was to create a cycle of learning in which learners are encouraged to assess AI feedback 

critically. This strategy aligned with the TBIE analytical approach, which engaged different 

mechanisms for assessing the learning process in the English classroom.  

Critical Thinking improvement (RQ1): In relation to RQ1, the findings do more than indicate 

that critical thinking is present; they explain why and how it is activated within AI-mediated 

learning. The key insight is that critical thinking emerges not simply from exposure to content 

but from the structure of interaction with AI-generated feedback, which requires students to 

continuously engage in interpretation, comparison, and evaluation. This is evident in the 

variation of students’ responses and their interaction patterns with the AI. Rather than 

converging on a single correct answer, students were exposed to multiple, sometimes 

inconsistent AI outputs, which disrupted straightforward knowledge reproduction. This 

disruption is crucial because it creates a condition where learners cannot rely on passive 

acceptance but have to actively make sense of information. In this way, the findings respond to 

RQ1 by suggesting that it can be observed that critical thinking is triggered by epistemic 

uncertainty, rather than by task difficulty alone. 

From the ESD perspective, this is significant because critical thinking is defined not only as a 

skill, but as the ability to engage with complex and uncertain knowledge systems (Rieckmann, 

2017). The AI environment in this study operationalizes such complexity by presenting learners 

with variable and non-deterministic responses. As a result, students are required to interpret 

meaning, compare alternatives, and justify their understanding, which corresponds to the 

processes outlined in RQ1. 

Within the TBIE framework, the reseach method of the study can be understood as the 

activation of reflective and evaluative mechanisms. However, the findings go further by 

indicating that these mechanisms are not isolated steps but are interdependently activated 
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through interaction with AI. For example, encountering unclear or conflicting feedback initiates 

reflection (Why is this different?), which leads to evaluation (Which answer is more accurate?), 

and ultimately supports meaning-making. This sequence demonstrates that critical thinking is 

not merely an outcome but a processual mechanism that sustains learning itself (Handtke et al., 

2022).  

A key advanced insight from the findings is that AI variability functions as a pedagogical 

resource rather than a limitation. While inconsistency in AI responses might traditionally be 

viewed as a weakness, in this context, it acts as a cognitive catalyst that compels learners to 

engage more deeply with content (Leal Filho et al., 2025). According to Nikolopoulou (2025), 

dynamic learning environments promote higher-order thinking by requiring learners to navigate 

uncertainty. The findings, therefore, respond to RQ1 by demonstrating that there is a lack of 

fixed answers that creates the conditions necessary for critical thinking to be influenced. 

At the same time, the findings reveal that this process is not uniformly experienced. Some 

students engage deeply with AI feedback, producing elaborated responses, while others remain 

at a descriptive level. This variation demonstrates that while the learning environment enables 

critical thinking, its possibility of improvement depends on the extent to which learners engage 

with the activated mechanisms. This nuance is important, as it indicates that AI-mediated 

learning provides opportunities for critical thinking but does not guarantee its development 

without sufficient pedagogical support (Crompton et al., 2024). Overall, the implementation of 

the research task suggests that critical thinking is an opportunity to develop through a 

mechanism-driven interaction with AI, in which uncertainty, variability, and the need for 

interpretation collectively create a learning process that demands active cognitive engagement. 

In this sense, critical thinking is not simply taught but emerges from the conditions of the 

learning environment itself, aligning closely with the goals of ESD and SDG 4.7. 

Responsibility as Action Improvement RQ2: To address RQ2, the findings provide deeper 

insight into why and how responsibility as action can be developed in AI-mediated learning 

environments. Instead of being taught as a predefined behaviour, responsibility emerges from 

the need to make decisions in response to uncertain and variable AI-generated feedback. This 

shifts responsibility from a theoretical concept to an active, situated practice (Handtke et al., 

2022). In this sense, A key finding is that students are consistently required to decide whether 

to accept, modify, or reject AI outputs. This requirement is not incidental but structurally 
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embedded in the design of the AI-mediated task. Because AI responses are not always fully 

reliable or consistent, learners cannot depend on them uncritically. Instead, they must actively 

evaluate the credibility and relevance of information before acting on it. From an ESD 

perspective, the research results indicate an improvement in responsibility as action, manifested 

through the activation of decision-making mechanisms in complex contexts such as AI-assisted 

learning. Moreover, the findings indicate that learners are not only aware of the ambiguity and 

inconsistency of AI feedback but also actively engage with it. Addressing these critical  

Within the TBIE framework, this process of learning reflects the activation of evaluation and 

decision-making mechanisms, which are central to the transition from reflection to action 

(Ssossé et al., 2021). However, the findings extend this understanding by indicating that these 

mechanisms are interdependent and context-driven. Evaluation alone does not constitute 

responsibility; it is the act of making a choice based on that evaluation that completes the 

process. For instance, when students question AI reliability and subsequently revise or reject 

responses, they move from cognitive assessment to responsible action (Rieckmann, 2017).  

Another interpretation of the findings is that AI variability acts as a catalyst for responsibility. 

Because AI feedback does not produce a single correct answer, it compels learners to take 

ownership of their decisions, since responsibility cannot simply be outsourced to the AI system. 

This shifts traditional classroom dynamics, where correctness is usually confirmed by the 

teacher, and instead places students in a more active role where they are responsible for their 

own decisions (Leal Filho et al., 2025). In this context, students cannot rely entirely on external 

validation but have to take ownership of their choices when using AI. However, the findings 

also suggest that the improvement of responsibility is not the same for all students. While some 

students actively make decisions and use AI selectively, others experience hesitation, 

confusion, or disengagement. This suggests that, similar to critical thinking, responsibility as 

action is supported by the learning environment but is not automatically influenced by it. The 

activation of decision-making depends on how students engage with uncertain information 

while communicating with the AI assistant and how willingly they critique its responses to 

arrive at the best possible answer. This learning strategy highlights the importance of 

pedagogical support and guidance in helping students navigate such situations (Crompton et 

al., 2024). As a result, the study addresses RQ2 by demonstrating that responsibility as action 

improves through a mechanism-driven process in which evaluation leads to decision-making 
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within a complex and uncertain context.Accordingly, the method of using AI for learning 

purposes can create conditions in which learners actively take responsibility for their choices, 

as it emphasizes ESD competencies and SDG 4.7. 

6.2. Limitations and Implications 

While the findings demonstrate that AI-mediated learning can support critical thinking (RQ1) 

and responsibility as action (RQ2), several limitations need to be considered, particularly in 

relation to both AI as a tool and the learning process itself. 

The study highlights limitations inherent in AI-generated feedback, including inconsistency, 

lack of clarity, and occasional inaccuracy. As reflected in students’ responses (e.g., “answers 

make no sense” or “not what I asked for”), AI outputs can create confusion and uncertainty. 

While such variability can support critical thinking, it also raises ethical concerns regarding 

reliability and trust in AI-generated knowledge. According to Skolverket (2024), students have 

to be explicitly guided to critically evaluate AI outputs, as uncritical use may lead to 

misinformation or superficial understanding. This limitation suggests that AI cannot function 

as an independent knowledge source but must be integrated with pedagogical support and 

critical literacy practices. 

The findings also reveal an important limitation in the learning process, particularly in relation 

to the responsibility as action, which is a core competence within both ESD and SDG 4.7. 

Although students’ responses demonstrate a general awareness of responsible AI use, many did 

not consistently apply key practices such as source verification and critical evaluation of 

information. This gap between awareness and practice explains that responsibility has not been 

fully considered as an actionable competence; however, it remains at the level of conceptual 

understanding. From the ESD perspective, the findings highlight that responsibility needs to be 

practiced through action in authentic learning contexts. Noticeably, empowering students with 

skills and knowledge for using information when they study with digital tools, in this case, 

interaction with an AI assistant, is essential. Therefore, any approach aimed at improving 

learning skills needs to emphasize the importance of integrating the cognitive, ethical, and 

behavioural dimensions of learning, according to the framework of SDG 4.7, with responsible 

action as a key outcome (Gallwey, 2016). The findings indicate that improving learners’ 
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responsibility skills requires providing structured guidance by teachers who constantly control 

how students react to AI feedback (see Appendix 7).  

As shown, in the implemented methodology, students first engaged with the text (Harry Potter 

Chapter 5), then participated in a guided AI chat interaction, where the AI was prompted to ask 

one question at a time and encourage explanation rather than provide direct answers. The 

teacher monitors this interaction and can evaluate how the task works. This strategy of tracking 

students’ learning progress by the teacher effectively provides an interactive learning 

environment where students have to use AI responses as input, but ultimately produce their own 

written answers in Phase 3 (see Table 1).  Thus, the teacher’s guided interaction is necessary to 

transform awareness into consistent, responsible action to ensure that students not only 

understand responsible AI use but also apply it in practice. 

In addition, the study is limited by its short intervention timeframe and specific classroom 

context, which may affect the generalizability of the findings. Since the development of ESD 

competencies, such as critical thinking and responsibility, is understood as a long-term process, 

the observed learning outcomes should be interpreted as early-stage or signs of development, 

rather than fully established competencies. 

Despite these limitations, the findings have implications for both educational practice and future 

research, particularly regarding AI integration within the ESD framework. It demonstrates that 

the educational value of AI lies not in delivering correct answers, but in creating complex and 

dynamic learning conditions that activate key mechanisms such as reflection, evaluation, and 

decision-making. For teachers, this implies a shift from using AI for efficiency to using it as a 

tool for structured inquiry and critical engagement. Designing tasks that require students to 

interpret, compare, and justify AI-generated information can support both cognitive 

development and responsible action, in line with the goals of SDG 4.7. 
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7. Conclusion  
This study investigated how AI-mediated learning supports critical thinking and responsibility 

as action within the ESD framework. The findings indicate that AI creates a dynamic, 

interactive learning environment in which students engage in interpretation, comparison, and 

evaluation rather than passively receiving information. The study demonstrates that the 

educational value of AI lies not only in delivering correct answers but also in activating learning 

mechanisms such as reflection, evaluation, and meaning-making, thereby fostering an active 

learning process that supports the sustainable development of learning skills. The research 

findings indicate that responsibility can be developed through repeated opportunities to act in 

uncertain contexts, rather than as an immediate outcome. Importantly, the study highlights the 

central role of pedagogical design and teacher mediation by arguing that structured tasks and 

guided interaction are essential to prevent superficial AI use and support meaningful learning. 

Thus, the study contributes to the field by demonstrating that AI can support ESD goals when 

embedded in reflective, structured, and ethically grounded teaching practices by enabling 

learners to think critically and act responsibly in complex knowledge environments. 

8. Future Work  
The findings of this study open several important directions for future research, particularly in 

understanding how AI-mediated learning environments can more effectively support critical 

thinking and responsibility as action within an ESD framework. While the research provides 

some valuable insights into the activation of learning mechanisms, it also highlights the need 

for further investigation into how these mechanisms can be stabilized, transferred, and scaled 

across different contexts. 

Future studies in this context need to adopt a longitudinal approach to examine how ESD 

competencies develop over time in AI-supported environments. The findings suggest that 

students are in a transitional phase, where awareness of responsible AI use is present, but 

consistent application is not yet fully established. Long-term studies would allow researchers 

to explore how repeated exposure to AI-mediated tasks, reflective practices, and guided 

decision-making contributes to the internalization of responsibility as action. Such research 

would also help determine whether critical thinking and responsibility become transferable 

skills beyond specific classroom tasks, addressing a key goal of SDG 4.7. 
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Moreover, in the future, it needs to investigate the role of pedagogical design and teacher 

mediation in greater depth. This study demonstrates that structured guidance, such as controlled 

AI prompts, phased tasks, and teacher monitoring, is vital for preventing superficial 

engagement. However, further research is needed to identify which instructional strategies are 

most effective in activating and sustaining TBIE mechanisms as well. In addition, comparative 

studies could explore different levels of teacher intervention by ranging from highly guided to 

more autonomous learning environments, in order to understand how to balance learner agency 

with pedagogical support. 

Another possibility for future work is to expand the scope of AI-mediated learning by 

examining different subject areas, age groups, and educational contexts. While this study 

focuses on English language learning, the principles of ESD and TBIE mechanisms are 

applicable across disciplines. Investigating how AI supports critical thinking and responsibility 

in subjects such as science, social studies, or interdisciplinary sustainability education would 

provide a more comprehensive understanding of its educational potential. Moreover, cross-

cultural studies could explore how students in different educational systems engage with AI 

and develop ESD competencies, particularly in relation to ethical awareness and digital literacy.  

While the study focused on the practical and pedagogical aspects of using AI-assisted learning 

to develop ESD competencies, it left little room to discuss important dimensions of AI 

applications in educational contexts, particularly those related to the ethical and critical use of 

AI in education. Future research needs to place greater emphasis on responsibility and source 

verification skills and to align methodological advancements with sustainable development in 

educational contexts.   
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Appendix1. The AI tool for the study: AI chat

Appendix 2.  The surface for creating an assignment 
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Appendix 3. Consent letter 
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Appendix 4. A part of the prompt created for the assignment (without the chapter of the book)
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Appendix 5. Questions about the given text (A part of the prompt)
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Appendix 6. Sample of questionnaires given to students. 
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Appendix 7. The teacher monitors students’ interaction with the AI assistant 



 

 

 

 

 

 

 

 

 

 

 
 


