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Abstract: As Al systems become increasingly integrated into society, the relationship between
humans and Al is evolving from simple automation toward co-creative collaboration. This shift is
particularly significant in education, where human intuition and imagination can synergize with Al's
computational capabilities to enable novel forms of learning and teaching. Building on this potential
and grounded in the #ppAl6 model of creative engagement in Al in education, this chapter explores
how educators and learners can engage in progressively deeper and more transformative interactions
with Al technologies. The #ppAl6 model distinguishes six levels of creative engagement, ranging
from passive consumption of Al-generated content to expansive, participatory knowledge co-
creation and transformative learning supported by Al. While most current applications in education
remain at early levels, such as interactive consumption through Intelligent Tutoring Systems (ITS),
this work focuses on exploring and designing for higher levels of engagement. Through a structured
formative intervention, preservice teachers and EdTech professionals are guided to co-design Al-
enhanced learning activities that not only support learner engagement but also cultivate Al literacy
and agency.

Keywords: creativity; education; creative pedagogy; artificial intelligence; #ppAl6; creative
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1. Introduction

The rapid integration of artificial intelligence (Al) into various sectors of society is reshaping not
only how we live and work but also how we learn and teach. Within education, this evolution offers
both challenges and unprecedented opportunities [1] Al is no longer confined to automating routine
processes, but can be used as a collaborator, capable of augmenting human creativity, supporting
problem-solving, and fostering new forms of knowledge production. This shift invites educators to
reimagine learning environments in which human intuition, imagination, and ethical reasoning work
in concert with Al’s analytical and generative capacities. Moreover, the use of Al in education also
raises concerns in relation to the potential dependency that could arise from the cognitive discharge
in Al systems for certain teaching and learning tasks [2].

2. Creativity for 21st Century Education

In the context of 21st-century education, creative pedagogy is required rather than optional.
Competency frameworks around the world increasingly recognize creativity as a core skill, both at
the individual but also at collective level [3]. Creativity involves a dynamic interplay of divergent
and convergent thinking, employed across a wide range of activities, from artistic expression to
complex problem-solving. This recognition has led to creativity being featured prominently in
frameworks for 21st-century skills, reinforcing the need for pedagogical approaches that actively
foster creative thinking and action. There is a growing consensus within the learning sciences on the
importance of integrating innovative, creative pedagogy across all levels of education [4]. This
pedagogical shift has become even more critical with the rapid integration of artificial intelligence
(AI) tools into educational contexts. Since the release of tools like ChatGPT in 2022, Al's role in
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education has expanded beyond automation and efficiency to include complex cognitive and creative
support. As these generative Al tools gain traction among teachers, learners, and caregivers, they
raise new ecological, ethical, and pedagogical considerations [5].

Within this evolving landscape, Al is not just a technological addition. Ai has the potential to be
a partner in the learning process and some creative learning tasks [1]. Its applications range from
assisting with routine tasks to enabling new forms of creative expression and co-creation. Al tools
can support varying levels of creative engagement, a form of learning that combines cognitive
challenge with active participation, where learners are not passive recipients of information but
creative agents capable of producing original ideas or artefacts. At one end of the creative
engagement spectrum lies the passive use of Al, where learners consume content generated
autonomously by Al with minimal interaction. At the other end, Al becomes a collaborative partner
in co-creativity, enhancing the learner’s creative process through interactive and participatory
approaches. This paper begins with a comparative analysis of human and artificial creativity,
followed by the presentation of a framework that outlines six levels of creative engagement with Al
in education, offering a pathway for integrating Al tools meaningfully within creative pedagogy.

3. Human Creativity and Artificial Creativity

Creativity has long been celebrated as a uniquely human cognitive ability. According to
Henriksen and colleagues [6], critical thinking is viewed as the cornerstone of 21st-century education
due to its transversal nature, which spans across disciplines and facilitates complex problem-solving.
This form of critical thinking, intrinsic to human cognition, requires individuals to engage in rational
reasoning within specific cultural frameworks and interpersonal relationships [7]. In contrast,
contemporary artificial intelligence (Al) systems, although capable of producing creative outputs,
necessitate human intervention to address inherent biases present in the datasets they are trained on.
These biases can influence the knowledge generated by Al, potentially deviating from human values,
including human rights and equality. Therefore, cultivating artificial creativity where Al generates
valuable and innovative ideas requires not only advanced technological design but also careful
human supervision [8]. This supervision ensures that Al's creative outputs align with ethical
standards and does not perpetuate harmful biases, such as those related to gender, race, or other
forms of discrimination. As Dietrich and Haider [9] note, human creativity is characterized by the
ability to produce both innovative and practical ideas, with a critical process of evaluation shaped by
socio-cultural norms and values. This process is also essential in the realm of artificial creativity.

For Al to generate truly innovative and beneficial outcomes, it is not enough for AI models to
simply produce novel ideas; these outputs must be subjected to critical human evaluation to ensure
their relevance, fairness, and ethical soundness. This critical oversight is essential for guiding Al
toward positive, human-centric creativity, where the technology’s potential to enhance human
creative practices is maximized, while minimizing risks of harm or bias. Thus, the development of
artificial creativity, much like human creativity, requires ongoing human involvement, specifically
through the lens of critical thinking, to avoid unintended negative consequences and ensure that the
outcomes serve the broader goals of equity and social good.

4. From Passive to Participatory Creative Engagement in AIED

Creative engagement in educational tasks spans a broad spectrum, with learners often
transitioning from passive to active modes of involvement. In traditional, lecture-based activities,
learners typically engage in passive listening, absorbing information from the instructor without
active participation. In contrast, the active learning paradigm, which has gained widespread
adoption in recent decades, emphasizes learner-centered approaches that prioritize cognitive
engagement during learning activities. This approach encourages students to engage deeply with
content, fostering critical thinking and problem-solving. However, mere cognitive engagement may
not be sufficient to develop the 21st-century skills necessary for success in today's rapidly evolving
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world. To foster creativity, it is essential that learners engage not only cognitively but also creatively
with tasks, leading to the creation of unique, valuable, and innovative outputs [10]. Creative
engagement requires an active, participatory approach to learning, where the learner's involvement
transcends passive reception and moves toward a more hands-on, co-creative process. Importantly,
the support for creative engagement can either emerge from within the Al tools themselves or from
external pedagogical strategies that guide learners' creativity. For example, the Al CBAL system [11]
is designed to assist teachers by providing prompts that facilitate various forms of external regulation
of learners' activities. In this system, the creative learningactivity is not conducted within the tool
itself, but rather, teachers use the system to guide and structure tasks that stimulate creative thought
in learners. This highlights the potential for Al to act as a supportive tool for creative teaching, even
when the task itself takes place outside of the system. Similarly, Learning Management Systems
(LMS), such as those integrated with the Massive Open Online Course (MOOC) framework [12], can
accommodate diverse learner models and activities. These systems enable the application of learning
analytics [13], which track and analyze student progress, facilitating intelligent tutoring and
providing real-time insights into learner behaviors, such as purchasing patterns. These features hold
promises for enhancing creative teaching by enabling instructors to regulate and respond to students'
creative engagement more effectively. Without a pedagogical framework that actively emphasizes
creativity, such systems risk failing to cultivate genuine creative engagement in both teachers and
learners. The degree of creative engagement exhibited by teachers or learners in any given task is
shaped by how Al tools are utilized. For instance, Intelligent Tutoring Systems (ITS), Automated
Writing Evaluation (AWE), and certain forms of Digital Game-Based Learning (DGBL) are
specifically designed to adjust dynamically to students' interactions. In these contexts, the nature of
the learning activities the students engage in determines the level of creative involvement. As a result,
the impact of Al tools on creativity depends on their integration and application within the
educational process.

5. Six Levels of Al-Enhanced Creative Engagement in Education

Building upon the spectrum of creative engagement in educational tasks, this section introduces
the #ppAl6 framework to differentiate the six distinct levels of creative engagement when Al tools
are integrated into the learning process. While earlier discussions emphasized the range from passive
consumption to more active, participatory forms of learning, the #ppAl6 framework further
elaborates on the increasing depth of creative engagement that learners can experience through Al-
driven educational tools.

The six levels outlined in the #ppAl6 mode reflect a continuum from basic interactions, where
learners merely receive or navigate Al-generated content, to more advanced forms of co-creation.

Figure 1 illustrates six distinct levels of creative engagement using artificial intelligence (AI)
tools in educational settings, ranging from basic to advanced stages. These levels correspond to
varying degrees of creative involvement that a learner may demonstrate during the socio-cognitive
process of learning:

e Level 1: Passive Consumer. In this stage, the learner is a passive recipient of Al-generated content,
engaging minimally with the material. The learner simply consumes information produced by
the Al system without any active participation in the creative process.

o Level 2: Interactive Consumer. The learner interacts with an Al system that provides feedback and
influences the progression of activities based on the learner’s actions. However, the learner does
not engage in creative tasks per se; instead, they navigate the system’s feedback based on
predefined structures, following instructions from the Al without contributing novel ideas.

e Level 3: Individual Content Creation. The learner moves beyond simple interaction to engage in
innovative problem-solving, where they generate new ideas or solutions that are not
predetermined by the Al system. This stage reflects a deeper form of cognitive engagement, as
learners produce original outputs.
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e Level 4: Collaborative Content Creation. At this level, a small group of learners collaborates on
creative activities, producing various ideas or solutions collectively. While AI may assist or
facilitate the process, the outputs are not dictated by the system, highlighting a shift towards
cooperative, peer-driven creativity.

e Level 5: Participatory Knowledge Co-Creation. A group of learners engages in a creative
participatory activity, where they address complex, challenging problems. In this stage, learners
not only collaborate within their own group but also interact with external collaborators, further
expanding their collective creative efforts. This level emphasizes community involvement and
the integration of diverse perspectives.

e Level 6: Expansive Learning supported by Al In this advanced level, participants' agency is
enhanced or transformed through Al-supported formative interventions. Al tools help identify
contradictions in complex problems, generate concepts or artefacts to regulate conflicting
stimuli, and foster collective agency and action. The Al system can be used to model activity
systems and simulate new actions, enabling expansive visualization of potential solutions and
facilitating a deeper level of problem-solving.
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Figure 1. Six Levels of AI-Enhanced Creative Engagement (#ppAlb).

The Passive-Participatory model (#ppAl6) of creative engagement in Al tools, as illustrated in
Figure 1, bears similarities to Chi and Wylie’s ICAP framework [14] at the initial level, which they
classify as "passive.” However, the levels from three to five are drawn from the #ppAl6 model [15].
In the first two levels, learners are not directly involved in creative activities: in Level 1, they passively
consume Al-generated content; in Level 2, they interact with the Al system, which adjusts based on
learner input, yet still offers limited creative engagement. In Level 2, the Al's feedback and the
learner’s actions are based on a predefined task model and learner model embedded within the
system. This level often employs Al technologies like Intelligent Tutoring Systems (ITS), where
learners follow a structured "programmed instruction” approach, engaging with the system'’s
feedback rather than generating new ideas. At Level 3, learners begin to demonstrate innovative
content creation, producing outputs relevant to the educational context. The progression to Levels 4
and 5 represents a shift toward co-creation and collaboration, where learners contribute collectively
to creative endeavors. This collaborative process helps learners better understand the creation and
development of new ideas. Level 5 sees learners apply their creative work to real-world problems,
promoting community involvement and focusing on local problem-solving [10]. In level 6, Al can be
used not only for knowledge co-creation in participatory contexts but also to transform human
practices, while conceptualizing differently and developing the participants’ agency, as a shared
collaborative process between generative Al tools and human agents. At this sixth level, Al is
integrated into the creation of critical knowledge and aims to develop agency and transform human
practices.

While the ICAP framework [14] places interactivity at the core of cognitive engagement, the
#ppai6 model emphasizes participatory knowledge co-creation as the key differentiator. This level
involves learners in socio-constructivist, project-based activities, where they actively engage in
identifying, understanding, and addressing challenges in their local or learning communities. This
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collaborative approach aims to tackle real-world problems [10], thereby positioning learners as agents
of change.

6. Research Objectives

This study aims to explore the role of artificial intelligence (AI) tools in fostering creative
engagement in educational settings, focusing on both learners and teachers. The research objectives
are framed around the #ppAl6 framework, which conceptualizes six levels of creative engagement
with Al tools in education, ranging from passive to deep participatory processes. The primary goal
is to identify and understand how Al tools influence creative engagement for both learners (Research
Objective 1, RO1) and teachers (RO2), assessing their respective roles within this continuum.

6.1. Research Objective 1 (RO1): Identification of Learners’ Creative Engagement

The first objective of this research (RO1) is to investigate how learners engage with Al tools at
different levels of creative involvement, as outlined in the #ppAl6 framework. For this objective, the
study aims to categorize and analyze the ways in which learners exhibit creative engagement,
ranging from passive consumption of Al-generated content to active co-creation and participatory
knowledge generation. By examining the various studies in literature, we aim to determine how Al
tools either constrain or expand creative involvement in educational tasks, and how this engagement
aligns with the levels proposed in the #ppAl6 model. This objective will provide valuable insights
into the potential of Al tools to enhance or limit learners' creative agency within educational contexts.

Figure 2 represents the different levels of creative engagement with Al tools for both learners
(RO1) and teachers (RO2). The bars display the number of instances at each creative engagement level
for both groups, highlighting the differences in engagement across the six levels.
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Figure 2. Six Levels of Al-Enhanced Creative Engagement (#ppAl6) for learners (RO1) and teachers (RO2).

6.2. Research Objective 2 (RO2): Identification of Teachers’ Creative Engagement

The second objective (RO2) focuses on identifying how teachers' creative engagement is
supported or influenced by Al tools, as seen through the #ppAl6 framework. Unlike learners, who
are the primary users of Al tools in most educational contexts, teachers play a crucial role in designing
and facilitating creative tasks. This objective seeks to explore how Al tools support teachers in their
creative processes, from the generation of new instructional content to the adaptation of teaching
strategies based on real-time learning analytics. By understanding the levels of creative engagement
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exhibited by teachers when using Al tools, we aim to uncover how Al can empower teachers to be
more innovative in their pedagogical approaches, ultimately fostering a more dynamic and creative
learning environment for students.

7. Results

We introduce the results of the research objectives 1 (RO1), and 2 (RO2) corresponding to the
learners’ creative engagement, and the teachers’ creative engagement, respectively.

RO1. Identification of Learners’ Creative Engagement

The analysis of 48 studies revealed that most creative engagement instances were centered on
the learner's perspective (n=37), with only five instances where Al tools supported teachers' or
instructors’ creative engagement. Notably, three studies—BioWorld & HOWARD Platform [16],
MiWRITE [17], and English-ABLE & CBAL [18], highlight how Al tools can support both learners and
instructors in their creative engagement processes. Regarding passive creative engagement, where
learners are not directly involved in creative activities, Lawson et al. [19] explored how students
emotionally responded to animated instructors during presentations. The majority of studies (n=27)
were found at the "interactive consuming" level (Level 2), where learners use Al tools to assist with
predefined learning activities, and the Al system adjusts to the learner’s needs. Examples include
systems like Assertions [20] and DME [21]. Intelligent Tutoring Systems (ITS), often recognized under
various names such as “Intelligent Learning Tool”, are prominent at this level. For example, de
Chiusole et al. [22] observed that Stat-Knowlab, an ITS designed to teach statistics, helped both
students and teachers in creative ways by improving self-regulated learning and enabling teachers
to adapt content to match students' levels. At the individual content creation level (Level 3), eight
studies focused on learners (e.g., Tuglet, Physics Playground), while seven focused on teachers. The
BioWorld & HOWARD Platform, MiWRITE, and CBAL systems [16,17] also support both groups in
their creative processes. Collaborative content creation (Level 4) was observed in two studies:
NoRILLA [23], which employed Augmented Reality (AR) to support STEM education, and HOWARD
Platform [16], which enables real-time collaboration between learners and instructors in problem-
based learning environments. Additionally, the Teens Online [24] study also demonstrated
collaborative engagement in a game-based learning context. However, no studies observed
participatory content co-creation (Level 5) and expansive learning (Level 6) in the reviewed papers.

RO2. Identification of Teachers’ Creative Engagement

Four studies specifically addressed creative teaching. In Kurdi et al. [25], the use of Automated
Question Generation (AQG) with Al helped instructors generate diverse quizzes, representing a third
level of creative engagement as teachers created new content through the system. In Uto et al. [26],
machine learning was employed to analyze writing patterns, providing valuable feedback for
instructors. This process helped instructors increase their creative involvement by improving
assessment strategies, positioning the study at Level 1 of creative participation. Smith et al. [27]
investigated how Machine Learning (ML) could be used to predict which students would benefit
from interventions, thus enhancing creative engagement in the classroom. This was recognized as
Level 2, where instructors use Al-driven insights to adapt their teaching strategies. The study of TEA
[28], an Al tool leveraging visual learning analytics, demonstrated Level 3 creative engagement,
where instructors used the tool’s analyses to improve assessments and interventions.

8. Discussion

Our objective has been to investigate the intersection of human and artificial creativity within
educational contexts, focusing on how Al tools can support and enhance creative engagement for
both learners and teachers. Creativity, a fundamental cognitive process, involves the generation of
novel and valuable ideas, solutions, or artefacts. In educational settings, fostering creativity is
essential for developing critical 21st-century skills. By applying the #ppAl6 framework, which
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identifies six levels of creative engagement with Al, this study examines how Al tools facilitate
varying degrees of creative involvement.

The findings highlight the varied levels of creative engagement with Al tools in education,
focusing on both learners and teachers. For learners (RO1), most studies (n=27) centered on the
interactive consuming level (Level 2), where Al tools adapt to learners’ inputs, offering personalized
feedback but not requiring creative input. At Level 3 (individual content creation), Al tools like
Physics Playground [29] allow learners to generate original solutions, reflecting deeper cognitive
engagement. Few studies observed collaborative engagement (Level 4), like NoRILLA [23], but Al's
role in collaborative, problem-solving environments remains underexplored. Additionally,
participatory knowledge co-creation (Level 5) was not observed, suggesting a gap in Al tool
development. For teachers (RO2), Al tools, such as Automated Question Generation [25] and TEA
[28], support creative engagement at Levels 2 and 3, helping teachers create personalized content and
analyze student performance. However, higher-level creative engagement (e.g., collaborative or
participatory creativity) is less common for teachers, indicating room for improvement in Al’s role in
supporting co-creative teaching practices.

Al has potential to foster creative engagement, especially for learners in more structured,
feedback-driven tasks. For teachers, Al aids in instructional design and adaptive feedback but could
further support collaborative teaching strategies. Future development should focus on advancing Al
tools for higher levels of engagement and supporting both learners and teachers in more dynamic,
co-creative educational processes.

Funding: This research was funded by Horizon Augmented Intelligence for Pedagogically Sustained Training
and Education (augMENTOR), Grant agreement ID: 101061509.

Abbreviations

The following abbreviations are used in this manuscript:

Al Artificial Intelligence

AIED Artificial Intelligence in Education
AQG Automated Question Generation
AWE Automated Writing Evaluation
DGBL Digital Game-Based Learning

ITS Intelligent Tutoring Systems

ITS Intelligent Tutoring Systems

LMS Learning Management Systems
ML Machine Learning

MOOC Massive Open Online Course
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