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Abstract. Human creativity is a complex process that can be evaluated in a
wide range of domains and tasks. The domain and task-specificity of human
creativity challenge the process of designing Al-based tools to support teachers’
and learners’ creative engagement. In this study, we introduce the 5c21-Al
framework to look at the 21st-century skills that modern education needs to
teach, with a focus on creativity and critical thinking. After introducing the
5¢21-Al framework, we analyze 41 studies using Al in education in order to
identify the level of creative engagement they are able to support from primary
education to Higher Education. The results show the most usual way of
supporting learners’ creative engagement is through intelligent tutoring systems
(ITS), which rely on the second level of creative engagement of the 5¢21-Al
framework. In this second level, the Al tool shows adaptive behavior based on
the learners’ interactions but does not engage the learners in creating new ideas
or solutions. We analyze 13 cases where learners and teachers get help with
their own creative processes, but only two cases of collective creativity support
at the individual level. None of the Al tools in education supports collective
creativity among teachers.

Keywords: Artificial intelligence, creativity, creative engagement,
education, 2 Ist-century competencies

1. Introduction

In the last five decades, Al tools have been developed for a variety of educational
purposes. However, these tools were mostly used in limited situations, often for
research purposes. The review by Feng and Law [1] on the studies developed during
2010-2019 has permitted two main educational technologies being supported by Al
for educational purposes: Intelligent Tutoring Systems (ITS) and massive open online
courses (MOOCs). The popularization of the use of Al tools for education has
benefited over the past year from the public availability of the ChatGPT. In 2022, 242
papers were published on ChatGPT, and 1470 in the first three months of 2023. The



media's coverage of ChatGPT's effects has made more people aware of how this tool
could be used in education. However, it has also raised some concerns about the
effects of this type of tool on academic integrity and on teachers' and students' ability
to be creative in their educational activities. In this paper, we consider an
emergent-based approach to technology-enhanced learning (TEL), in which Al tools
are part of activity systems that are not only defined by the technology tools but also
by how they mediate the human activity systems towards a certain goal [2], [3]. While
some educators are concerned about how Al tools can hinder learners’ creative
processes by delegating part of the process to Al tools, we should also consider how
these tools can support Al-human collaboration for individual, group-based, and
large-group collaboration.

1.1. Creativity as one of the 21st-century skills to be supported in AI-human
learning activities

Creativity is now widely acknowledged as a crucial skill that distinguishes human
labor from that performed by robots in an environment where automatization and
artificial intelligence are having an increasing effect [4]-[6]. According to Florida [4],
creativity is a factor in the social division of modern societies into "creative classes,"
who establish professions where creativity is a decisive element in their sophisticated
problem-solving activities, and "creative workers," who do not. In postindustrial
knowledge societies, different types of jobs increasingly depend on the “creative
class” [4], and those who work in it "engage in complex problem-solving that
involves a great deal of independent judgment and requires high levels of education or
human capital" (p. 8). For this reason, supporting creative processes is essential in
21st-century education. Al tools should be part of the efforts to support human
creativity development at the school, but also in creative professions. Teachers are
among the professionals who face challenges related to the need to support learners'
21st-century competencies as well as a better understanding of how Al technologies
operate and can support the teaching and learning process.

Creativity is one of the five key transversal competencies for the 21st century
education #5c21 model [7], in which critical thinking is the ability to develop
independent, critical thought in order to analyze ideas, knowledge, and processes
based on a human-based value system and judgment. While creativity can be
considered either human or "artificial creativity" when an Al system develops useful,
novel, and original ideas or artifacts [8]; critical thinking can only be performed by
humans because this competency relies on human criteria and takes into account
factors such as the cultural context and interpersonal relationships in a certain
socio-cultural context [9]. In the Horizon AugMentor project [10], we aim to support
learners’ creativity by developing a pedagogical framework permitting the use of
LMS Al tools to support learners and teachers in their creative processes.
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Fig. 1. Five key competencies for the 21st-century education (#5¢21)

1.2. The limits of Al tools for supporting cognitive architecture to support
creativity

While creativity can manifest as either human or "artificial creativity" when an Al
system generates useful, novel, and original ideas or artifacts, critical thinking is
inherently human. It depends on human criteria and factors such as cultural context
and interpersonal relationships within a specific socio-cultural environment.

Human cognitive architecture allows for the incorporation of cultural context and
interpersonal relationships within a specific socio-cultural environment. Presently,
large Language Models (LLMs) like OpenAl's ChatGPT are incapable of engaging in
critical thinking and human-like creativity because they do not possess a "cognitive
architecture capable of self-reflection and metacognitive judgments. This absence of
cognitive architecture led some GPT3 architects to develop a new model, Anthropic,
which aims to develop a cognitive architecture capable of critical thinking. GPT4
develops a higher short memory, which better supports the integration of
socio-cultural prompts and creates results that are perceived by the end-user as more
creative than prior releases.

1.3. Creative engagement: learners’ and teachers’ perspective

Learners’ engagement is a requirement for correctly developing the learning
activities designed by the teachers. Engagement is defined as the learners’
“involvement in learning activities in terms of attention, participation, effort, intensity,
or persistence” [11, p. S16].

For example, the English-ABLE system [12] has the main pedagogical objective of
supporting the learners’ engagement with three artificial agents based on the Open
Students Model (OSM) which are designed to engage the learners’ in a teaching
process of the OSM. Through the learners’ engagement with the OSM agents, they
are expected to develop their English as a Second Language (ESL) competencies. The
agents have been designed in a way to engage in different objectives, such as



grammar feedback. We can consider the learners’ engagement in the English-ABLE
system as creative because they are producing novel, useful, and original interactions
with artificial agents. They are not only selecting pre-established answers
(non-creative engagement), but they are also creatively engaged in the interaction
with these three artificial agents. For supporting these creative engagements, the
system is based on an "adaptive sequencing of activities and adaptive feedback
mechanisms" [12, p. 382]. So, it's important to model the learner, the activities, and
the feedback system while keeping in mind the learner's creative process for this
particular task. The external regulation of the teachers can increase learners' creative
engagement. In the context of the English-ABLE solution, dynamic recommendations
that enable teachers to make decisions about how to support the learners' process
support the teachers' creative engagement in the supervision process.

2. 5c21-Al levels of creative engagement in Al for education

Technology alone is not sufficient for driving innovation or improvement in
education [13], [14]. The learning activities are complex systems in which
technological and cultural artifacts mediate individual and collective activity oriented
towards a certain goal and are constrained by the socio-cultural and situational
elements within which the learning activity is developed [15]. An important
consequence of considering learning activities as an intertwined system in which there
is an emergent use of technologies based on the learners’ motivations, the task
constraints, and the situational aspects of the activity is that the same technology
could be used in a very diverse way. For example, the Teachable Machine tool for
creating machine learning models can be used in a lecture in which the teacher shows
an example of its use to a group of learners who are not engaged in the activity. In this
context, the learners are "passive consumers" of the lecture on Teachable Machine.
But the teacher can also engage the learners in a group-based activity in which the
children will create a model for improving the recycling system of their neighborhood
in collaboration with the shop owners around the school. In this participatory solution
co-creation, Teachable Machine could be used as a tool to integrate when tinkering
with a solution that is possible to develop thanks to the participatory creative process
engaged by the community participating in this objective. Teachable Machine is only
a tool with the potential to support the creative engagement process, depending on the
pedagogical scenario of the teaching activity proposed by the teacher.

2.1. From passive consumption to participatory content co-creation

In Fig. 2, five levels of creative engagement with Al tools in education are
identified, which are on a continuum from simple to complex, and reflect the degree
of creative engagement a learner can experience as a socio-cognitive process:

® Level I: Passive consumer. The learner just consults Al-generated content
with no creative engagement on their side.

e Level 2: Interactive consumer. The learner interacts with an Al system that
adapts the feedback and activity progression based on the learners’ and task



models. In this second level, the Al system adapts to the learner, but the
learner isn't doing anything creative; they're just moving forward based on
how the system is set up.

o Level 3: Individual content creation. The learner can engage creatively in
proposing different ideas or solutions that are not predetermined by the Al
system.

o Level 4: Collaborative content creation. A dyad or small group of learners
are engaged in a joint creative activity to propose different ideas or solutions
which are not pre-determined by the Al system.

® Level 5: Participatory knowledge co-creation. A group of learners, in
collaboration with other participants outside their learning group, engage in a
creative participatory activity engaged in a complex problem-solving
situation.
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Fig. 2. Five levels of creative engagement in Al in education (#5c21-ai)

The first level of the #5c21-Al is similar to the "passive" level of Chi and Wylie's
ICAP framework [16]. The biggest difference between our model and the ICAP is the
consideration of interactivity. While "interactive mode of engagement" is the highest
level of cognitive engagement within the ICAP framework, our model considers
"participatory knowledge co-creation". Participatory knowledge co-creation engages
the participants not only in an interactive and socio-constructive situation, but also
engages learners in the identification, understanding, and problem-solving processes
of a problematic situation within their learning or neighborhood community, linking
the team-based co-creation process with a participatory process wherein a team of
learners engages in their learning community in order to improve a real-world
problem or value community initiatives [2], [17].

The first two levels are not engaging the learners’ in a creative activity. In the first
level, the learners use what is made available to them without any interaction. In the
second level, learners interact with an Al system that responds to their actions based
on a model of the learning task and a model of the learner that is built into the Al
system. The Al tool has a predefined set of options that lead to interactions governed
by a "programmed instruction" approach, harking back to Pressey's teaching machine.
ITS are the most common Al tools in this second level of creative engagement.



The third level of creative engagement with Al tools in education is to get the
learner to make texts, photos, or videos that are related to a certain learning moment
or situation. Whereas the fourth and fifth levels of creative engagement with Al tools
engage learners in a co-creation process that supports the knowledge construction
process [18]. The fifth level gets students involved in finding a problem in their
learning or neighborhood community, understanding it, and coming up with a
solution. In this fifth level, the co-creation participatory process is oriented toward the
community as well as real-life problem-solving [2]. The participatory and
community-oriented (or based) knowledge co-creation values local community
initiatives, promotes diversity, and regenerates intergenerational and intercultural
links that are often missed in our current societies [19].

3. Methodology

For the analysis of the five levels of creative engagement in Al in education, we
revised the International Journal of Artificial Intelligence in Education (AIED)
within the last 3 years. We selected 41 papers in order to analyze the different levels
of creative engagement, considering not only the learners’ and teachers’ perspectives
on creative engagement but also the domain of application and the educational level
of the study.

For papers integrating more than one Al solution, we evaluate them separately. For
example, HOWARD and BioWorld tools in the paper of Lajoie [20], we integrated two
records in the analysis of creative engagement levels in order to report the
specificities of these different Al solutions that were studied.

Studies in which both learner and teacher activity is supported are also integrated
as two separate entries in order to consider the level of creative engagement for each
of these perspectives.

4. Results

5.1. Levels of creative engagement

The assessment of the five levels of creative engagement across the 41 selected
studies has revealed that the majority of creative engagement focuses on the learner
perspective (n=32), with only five instances of Al tools supporting teachers' creative
engagement (Fig. 3). In three studies (BioWorld & HOWARD Platform [20],
MIiWRITE [21], English-ABLE & CBAL [12]), the tool supported both the teacher and
the learner's creative engagement process.
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Fig. 3. Learners’ and teachers’ levels of creative engagement

Only one study has developed a solution in which there is no creative engagement
from the learners. The study of Lawson, et al. [22] only looked at learners’ emotional
expressions to animated instructions during a presentation.

We can observe that the majority of studies (n=21) support the second level of
creative engagement, “interactive consuming”. In this level, the learner uses an Al
tool to help with a well-defined learning activity, and the system adapts to the
learner's needs. Most of the systems in this context are self-identified as Intelligent
Tutoring Systems (ITS).

Individual creative engagement, the third level of the 5c21-Al model, is the only
level in which we can observe both the learner’s (n=8) and teacher’s (n=6)
perspectives, which are in some cases supported independently, as in the case of
Tuglet (23], Physics Playground [24), C2STEM [25], TopoMath [26], etc. More
interestingly, the BioWorld & HOWARD Platform [20], MiWRITE [21],
English-ABLE and CBAL [12] tools support both the teachers and the learners in their
creative processes.

The fourth level, collective creative engagement, can be observed in two studies.
The first one is the study of NoRILLA [27], a specialized Augmented Reality (AR) for
STEM education where learners are encouraged to do an exploratory construction
together. The learners’ using the Al tool NoRILLA are engaged in building blocks that
should not fall during a strong motion. First, the learners advance individually, and
once they have achieved a certain progression, they are able to engage in teams for an
exploratory construction collaboratively with the tool. The second study is using the
HOWARD Platform [20] where learners and instructors can simultaneously engage in
monitoring and responding in a problem-based learning (PBL) environment in which
discussion is encouraged.

Participatory content co-creation, the fifth level of the 5c21-Al framework, is not
observed in any of the 41 studies revised.



5. Discussion

Al tools can be used in a diversity of pedagogical scenarios and situations with
different degrees of creative engagement for the learner or the teacher. In this study,
we have analyzed 41 studies in order to identify creative engagement with Al tools.
The results show the majority of educational uses of Al are individual (n=33 for the
learners, n=6 for the teachers), with only two uses to support the learners’
co-creativity. We can observe that most of the uses of Al tools do not engage the
learners creatively. Most of the studies engage learners in the second level of the
5c21-Al framework, “interactive consuming”, through intelligent tutoring systems
(ITS) which permit the system to adapt to the learners’ inputs based on the learner
model and the learning task model integrated into the Al-tool. Developing a learner
and task model is already a complex process that requires domain-specific expertise
and computer modeling efforts. Computer-supported collaborative learning (CSCL)
activities are more complex in relation to the group dynamics that are emerging not
only at the individual level but at the collective level. The lack of standardization on
these group dynamics ontologies and modes is one of the potential reasons why we
observe a limited number of collaborative uses of Al tools in education.

We can observe that some of the Al tools are Digital Game-Based Learning
(DGBL) solutions. The characteristics of DGBL as systems engaging the learners’ by
providing feedback and supporting the actions towards a learning objective are
aligned with the characteristics of Al tools in education, which share these two
characteristics. Most DGBL solutions support the second level of creative
engagement. Among the DGBL Al tools, two address STEM education, such as
C2STEM [25] and NoRILLA [27].

None of the studies supports participatory content co-creation, the fifth level of the
5¢21-Al framework. We can consider not only the higher degree of complexity of Al
systems but also their ability to support users whose” behavior does not correspond to
the teacher-and-learner model. In the context of Maison de ['intelligence artificielle
(MIA) in Sophia Antipolis, the types of activities in which the learners are engaged
correspond to the fifth level. The learners are engaged to co-create solutions
addressing different Sustainable Development Goals (SDGs) in collaboration with the
Al experts in the MIA, their teachers, and other learners.

The analysis of the levels of creative engagement will permit the researchers and
computer engineers in the Augmentor Project to consider the types of Al solutions
that can better support 2 Ist-century competencies and permit the learners and teachers
to deploy their human creativity with the support of Al.

Beyond the creative integration of Al tools in education, Al tools cannot be
considered as creative as humans at the current stage. Consider a more robust
cognitive architecture that will allow Al models to better simulate human-like
cognition, allowing them to process cultural contexts, interpersonal relationships, and
long-term memory more effectively. This would be particularly valuable for
collaborative open-ended learning activities and CSCL pedagogical scenarios on the
Level 5 participatory content co-creation, where context and history play an essential
role in decision-making and problem-solving processes. Incorporating a cognitive
architecture in Al models would also help address challenges related to biases, ethics,
and transparency, as it would allow Al systems to make decisions and judgments



based on a more comprehensive understanding of the inter-group context and human
values.
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