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Abstract

Generative Al such as ChatGPT provides an instant and individualized learning
environment, and may have the potential to motivate student self-regulated learning
(SRL), more effectively than other non-Al technologies. However, the impact of ChatGPT
on student motivation, SRL, and needs satisfaction is unclear. Motivation and the SRL
process can be explained using self-determination theory (SDT) and the three phases of
forethought, performance, and self-reflection, respectively. Accordingly, a Delphi design
was employed in this study to determine how ChatGPT-based learning activities satisfy
students’ each SDT need, and foster each SRL phase from a teacher perspective. We
involved 36 SDT school teachers with extensive expertise in technology enhanced learning
to develop a classification tool for learning activities that affect student needs satisfaction
and SRL phases using ChatGPT. We collaborated with the teachers in three rounds to
investigate and identify the activities, and we revised labels, descriptions, and explanations.
The major finding is that a classification tool for 20 learning activities using ChatGPT
was developed. The tool suggests how ChatGPT better satisfy SDT-based needs, and
fosters the three SRL phrases. This classification tool can assist researchers in replicating,
implementing, and integrating successful ChatGPT in education research and development
projects. The tool can inspire teachers to modify the activities using generative Al for their
own teaching, and inform policymakers on how to develop guidelines for Al in education.

Keywords Generative Al - ChatGPT - Self-determination theory - Self-regulated learning -
Motivation - Digital support - Delphi study

Generative artificial intelligence (GenAl) can generate text, pictures, 3D models,
animations, or other content, and its technologies are becoming more powerful, useful,
and prevalent, being incorporated into mainstream applications. This emerging technology
has influenced education by developing interactive learning experiences, providing
tailored coaching, and even producing instructional resources such as worksheets and
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videos (Chiu, 2021; Kasneci et al., 2023; Rospigliosi, 2023). GenAl may have the great
potential to transform the way we learn and access information by adapting to individual
needs and preferences, making education more accessible and engaging for all learners
(Chang & Kidman, 2023; Chiu, 2023). There is an urgent need for research into the most
effective ways to use GenAl in education in order to enhance learning outcomes for all
learners (Chiu, 2023; Kasneci et al., 2023; Rospigliosi, 2023). Some argue, however, that
depending too much on these technologies may result in a reduction in human interaction,
individualized guidance, and higher-order thinking skills, all of which are essential for
effective learning. There may also be concerns regarding the accuracy and reliability
of Al-generated educational resources (Farrokhnia et al., 2023; Rospigliosi, 2023).
Furthermore, self-regulated learning (SRL) is regarded as a prerequisite for life-long
learning in higher education (Roth et al., 2016). Its process can be seen as a cycle model
of three main phases: forethought, performance, and self-reflection (Zimmerman, 2011).
SRL is closely linked to academic accomplishment in students and work-related learning in
adults (Sitzmann & Ely, 2011). Individuals with strong SRL abilities must be able to learn
independently and deal with a wide range of challenges (Peverly et al., 2003). As a result,
GenAl may be able to both engage and disengage students in SRL.

These student engagement and disengagement can be explained using the construct
of motivation that is the force that energises students to be engaged in a particular
activity (Chiu, 2021, 2022; Olivier et al., 2021). Self-determination theory (SDT), one
of the most popular theories in current behavioral science, provides a wide framework
for understanding the elements that enhance human motivation and well-being (Ryan
& Deci, 2020). SDT co-founders Richard M. Ryan and Edward L. Deci suggest that
satisfying people’s basic needs for autonomy, competence, relatedness, and autonomy is
vital for individual and social functioning. This theory is widely applicated in various
contexts e.g., workplace, parenting, and learning environments (Manganelli et al., 2018;
Ryan & Deci, 2020). Most previous SDT-based educational research was conducted
to understand how teachers and digital support (refer to needs satisfaction from
digital environments) satisfy student needs (Ahmadi et al., 2023; Chiu, 2021). These
two types of support have various effects on student engagement. Empirical studies
suggest that digital support from Al is strongly associated with student engagement in
overall SRL (Chiu et al., 2023; Wu et al., 2023; Xia et al., 2023). For example, Wuet
al. (2023) suggested that in blended learning, ChatGPT significantly improved student
behavioural, cognitive, and emotional engagement more than search engines; Chiu et al.
(2023) revealed that the use of Al chatbots may not be able to support relatedness of
most students, and satisfy competence of low ability students. Besides, how to integrate
GenAl in education is understudied, and its effects on student learning are unclear.
These imply that how we use GenAl determines if the technology is need-supportive
or need-thwarting in each phrase of SRL. ChatGPT, one of the most well-known GenAlI
tools, is a chatbot built on a large language model. It can communicate with users in a
human-like manner. It can respond to questions, write articles, give advice, and create
code in a fluent and natural way. To fill this research gap, this study used a Delphi
research design to understand how ChatGPT as GenAl supports student SDT needs in
each phrase of SRL from the perspective of Hong Kong school teachers.

The findings of this study propose a classification tool to foster student SRL using
ChatGPT by applying SDT. This tool contributes to the field of Al in education and
SDT-based research by discussing how ChatGPT fosters the three SRL phrases and
satisfies SDT-based needs. It can help researchers replicate, design, and implement
their educational technology research and development projects using ChatGPT. It can

@ Springer ACECT



A classification tool to foster self-regulated learning with...

also give teachers and policymakers ideas on how to teach with ChatGPT and make
policies for Al in education, respectively.

The rest of the paper is organized as follows: We begin by outlining the theoretical
background for this study and past research on how ChatGPT as digital support fosters
SRL and satisfies SDT needs. The study’s goal and research design are then described.
Following that, we present the results of the analyses, followed by a discussion of the
findings and our conclusions.

Theoretical background
SRL and learner motivation

Over the last three decades, general SRL conceptions have evolved (Roth et al., 2016).
SRL first appeared in the 1980s and rose to prominence in the 1990s. Despite the
enormous amount of SRL research published, there is no unified definition of SRL.
Each theory/model focuses on different perspectives (Pintrich, 2000). For example,
Zimmerman (2011) suggests SRL consists of self-generated thoughts, feelings, and
acts that are methodically directed by personal goals. Zimmerman and Moylan (2009)
describe a social cognitive model of SRL that incorporates motivational variables with
metacognitive processes in three iterative phases: forethought, performance, and self-
reflection. Pintrich’s (2002) theory of SRL included forethought, monitoring, control,
and refection. These theories and models have clear similarities and suggest SRL
should have cyclical and three distinct phases (Bruso et al., 2020). The first phrase is
forethought and consists of task analysis and self-motivation beliefs. Learners analyze
tasks, set learning goals, and plan strategies based on their prior knowledge. This
task analysis is affected by self-motivation beliefs such as self-efficacy and interest,
along with personal views of how well the tasks can be performed and the value of
learning. The performance phase has two processes: self-control and self-observation.
Learners enhance their learning by employing various self-control strategies, such as
self-instruction, time management, environmental structuring, and help-seeking, all of
which are based on the learners’ own self-observations. The phase of self-reflection
consists of self-judgment and self-reaction. The self-reaction that learners take in
response to their own judgment of their performance and cause attributions can either
boost or reduce satisfaction and motivation to learn. Based on their perceived goals,
learners evaluate their performance. If the learners are unsuccessful in achieving
their goal, the cyclical process starts over by analyzing which task strategies have and
have not been successful. Due to this adaptive process, the learners might continue
to be motivated to do the activity again in the hopes of getting a better outcome
(Zimmerman, 2011). Overall, the SRL cycle requires learners to set goals, evaluate
progress, and adjust learning strategies. Learning is self-directed, requiring self-
awareness, self-monitoring, and self-motivation, and can be learned through SRL.
Related studies SRL strategy use is related to motivational level and personality traits
(Bruso et al., 2020; Dorrenbiacher & Perels, 2016). Needs satisfaction in SDT of
motivation can be used to look at ways to foster the SRL process in each phase.
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Digital SDT based support from with ChatGPT as GenAl

SDT theory explains human needs, motivation, and well-being in a social and cultural
context (Ryan & Deci, 2020). It suggests three innate needs: autonomy, relatedness,
and competence. Individuals’ motivation increases when their needs are supported and
satisfied, shifting from amotivation to intrinsic motivation. This theory is widely applied
in various education contexts, such as face-to-face, online, and blended learning (Chen &
Jang, 2010; Chiu, 2021, 2022; Ryan & Deci, 2020). SDT-based research has investigated
how teacher support (e.g., behaviors) affects student needs satisfaction in a variety of
learning settings, including classrooms, playgrounds, as well as online and blended
learning (Ahmadi et al., 2023; Chen & Jang, 2010; Chiu, 2021, 2022; Guay, 2022; Xia
et al., 2022). Digital needs support refers to the design of digital learning environments
to support student SDT needs (Chiu, 2021). This support can be achieved through digital
autonomy, which can be satisfied by multiple resources for the same learning unit; students
can choose the resources they prefer (Chiu, 2021, 2022). Digital competence support
should consider learner expertise, ensuring that different instructional formats support
different levels of thinking skills (Luo et al., 2021). Digital relatedness can be supported by
using emotional design and familiar or user-friendly digital tools (Chiu et al., 2020; Valle
et al., 2022). Digital support, particularly in Al, has not been extensively studied in SDT-
based research (Chiu, 2021; Ryan & Dec, 2020). Accordingly, how ChatGPT as digital
support satisfies basic needs remains unclear.

SRL with ChatGPT as GenAl

Four recent studies have speculated that ChatGPT as an Al tool has the ability to promote
the SRL process (Chiu, et al., 2023; Molenaar et al., 2023; Wu et al., 2023; Xia et al.,
2023). ChatGPT as an Al tool may have the potential to promote the SRL process.
Students must remain motivated throughout the forethought phase, actively participate in
learning activities during the performance phase, and reflect on and review their learning
experience during the self-reflection phase (Pintrich, 2000; Wu et al., 2023; Zimmerman,
2011). As noted in the last section, ChatGPT may be considered a digital support to
satisfy student needs for greater motivation, which fosters the SRL process throughout the
forethought phase. During the performance phase, students can use ChatGPT to receive
new ideas and insights for their learning activities as needed (i.e., when they encounter
learning difficulties) (Baidoo-Anu & Owusu Ansah, 2023; Wu et al., 2023). ChatGPT has
the potential to keep students engaged in their learning. During the self-reflection phase,
students may ask ChatGPT for comments on what they learned and how to improve
their learning (Kasneci et al., 2023; Wu et al., 2023). Overall, ChatGPT may provide
individualized and interactive educational learning, as well as precise explanations
and step-by-step instruction. It may offer students rapid and useful guidance while also
answering their queries, and they might successfully develop SRL (Wu et al., 2023).
However, its linked activities and impacts have received little attention.

Research gaps

As we discussed, ChatGPT as GenAl is new to school teaching and has the potential to
improve and hinder learning (Chiu, 2023, 2024; Kasneci et al., 2023; Rospigliosi, 2023).
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We are not sure what ChatGPT activities teachers can teach with and students can learn
from. Although ChatGPT is a resourceful, conversational, and one-to-one environment
that is focused on the needs of the students (Chang & Kidman, 2023), the impact of
ChatGPT-based activities on SRL and needs satisfaction is not clear. Besides, digital
(ChatGPT in this study) support requires more attention in SDT-based research (Ryan
& Deci, 2020). Accordingly, more studies are needed to explore the learning activities
using ChatGPT and their effects on needs satisfaction and the SRL phase.

Additionally, most SDT-based research was conducted in western culture. However,
eastern teachers’ perspectives may differ from those of western teachers. (for example,
individualistic vs. collectivist societies) (Chiu, 2022; Iyengar & Lepper, 1999). Because
of this cultural difference, it is important to study this issue from eastern teachers’
perspectives. The findings could add to the field of GenAl in education and SDT-based
research (digital support) by adding more eastern perspectives.

This study and method
Research goal

This study aims to examine how ChatGPT as GenAl satisfies student needs for autonomy,
competence, and relatedness in SRL from a teacher perspective using the Delphi approach.
Its goal is to provide a mutually exclusive and collectively listed list (classification tool)
of learning activities using ChatGPT that satisfy SRL needs. The two major research
questions are: From a school teacher perspective,

e What learning activities can foster the three SRL processes of forethought,
performance, and self-reflection?

e What learning activities can satisfy the three SDT needs for autonomy, competence,
and satisfaction?

We collaborated with qualified school educators to determine how to use ChatGPT to
satisfy each SDT need for SRL. We first compiled a list of ChatGPT learning activities
with all the participants, followed by removing some that were no longer relevant and
adding those that were. We further clarified the descriptions of each activity and linked
each one to an SDT need and an SRL phase. Researchers and practitioners may use the
findings to better replicate, execute, and synthesize research in educational technology
(GenAl, Al, and ChatGPT) for enhancing student motivation and engagement in SRL.

Research design

As GenAl in education is still in its infancy and exploratory, the ideas on how to use the
technology to support learning may not reach a consensus yet. A Delphi study uses an
iterative process of questionnaires interleaved with controlled feedback to obtain a reliable
consensus view from a group of experts (Dalkey & Helmer, 1963). It is possible to obtain
a wide variety of opinions for decision-making. The anonymous process avoids conflicts
between experts and encourages objective participation. Therefore, a Delphi design is used
to get consensus to answer the two research questions.
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Three Delphi rounds are usually enough to create an equilibrium where further rounds
do not affect findings dramatically for most studies (Ahmadi et al., 2023; Teixeira et al.,
2020). Our panel of SDT school teachers with expertise in educational technology created
an initial list of learning activities with ChatGPT, and refined it using three Delphi rounds.

To solicit diverse but authoritative perspectives on how teachers can support student
needs using ChatGPT in SRL, we assembled a panel of school teachers with different
major teaching subjects. The teachers (i) had experience in designing and implementing
learning activities with ChatGPT for 5 months (considered as an “experienced teacher” as
it is new to schools), (ii) had at least 3 years of SDT-based teaching experience in schools,
(iii), received at least 6 h of professional training on SDT, and (iv) received at least 6 h of
professional training on ChatGPT. They all have experience in designing and executing
SDT-based instructional design for blended learning and in using ChatGPT to design and
deliver their learning activities.

No minimum panel size is set as there is no reached consensus to determine the sample
size of Delphi studies (Jorm, 2015). Previous research on developing classifications used
10-34 participants (Ahmadi et al., 2023; Teixeira et al., 2020). To control for attrition, we
invited and involved 36 participants from three university and school partnership projects
on Al and education, or SDT, for this study. Their major teaching subjects included English
(7), Chinese (7), Mathematics (7), Science (6), Humanities & Art (5), and Technology (4).
Their schools covered the various academic levels of the students in Hong Kong.

Participants

Due to the cultural differences—eastern versus western schooling, or individualistic versus
collectivist cultures (Iyengar & Lepper, 1999), teachers in the east may have a different
perspective on ChatGPT’s needs support from the west. Most of the SDT-based studies for
education were conducted in the west. As a result, it sought to investigate the goal from an
eastern perspective. It recruited 36 teachers ranging in age from 25 to 55 from 15 Hong
Kong schools. Twenty were female, and sixteen were male. They all meet the selection
criteria for this Delphi study.

Research procedures

First, together with the teachers, we created the initial list of SRL activities using
ChatGPT. To our knowledge, not much rigorous research has been done on ChatGPT
for school education because it is new in schools, especially when it comes to SDT and
SRL viewpoints. Most of the discussions happen in higher education, particularly in
assessment (Chiu, 2023). As a result, we compiled learning activities from (i) journal
papers pertaining to digital support, (ii) online discourse and viewpoints from academics,
researchers, and educators, as well as (iii) instructional designs created by the practitioners
in our workshops. We also asked the participants to suggest at least 10 ChatGPT learning
activities. Due to the significant redundancy that ensued, we grouped related activities and
eliminated those that ChatGPT does not offer. As a consequence, the initial list had 31
activities. We distributed the survey online for this study.

In Round 1, the teachers gave qualitative comments on each learning activity’s label
name, description, and reasons. They also assessed the activity’s relevance to SDT and
SRL. When the activity is relevant, they indicate which SDT needs and SRL phases are
primarily impacted by the activities. At the end of the survey, we gave the teachers a full
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list of learning activities and asked them to determine whether any activities looked to be
duplicates. To assist in developing a more thorough list, the teachers were also invited to
suggest any other activities they believed were missing from the list. After each round of
the Delphi process, we refined the learning activities in response to the teachers’ feedback.
Where action recommendations involved major changes (e.g., substantially different
function descriptions), the revised learning activity was considered a new activity. In
response to teacher comments following each round of the Delphi process, we made
modifications to the learning activities. Revised learning activities were regarded as new
ones in the next round. We sent the teachers the most recent list of activities, together with
information on how they affect SRL phases and SDT needs, in Rounds 2 and 3.

In Rounds 2 and 3, we sent the teachers the most updated list of activities, together with
information on how they affect SRL phases and SDT needs. The teachers had the option of
using or not using the comments in their revised decision. Regarding the label, description,
and reasons for the activity, they were requested to provide qualitative comments. Then, we
asked them to describe how each activity affects the phases and needs. At the end of each
round, we also asked them to mark any redundant activities and add any that were missing.
An activity was added to the final list of learning activities using ChatGPT when consensus
was established about its impact and no modifications were suggested.

Consensus criteria

There are no predetermined standards for reaching consensus on every topic in each Delphi
study (Keeney et al., 2006). Getting every participant to agree on a single item in a survey
is simpler than getting them to agree on six items, or on a binary option, than on five-point
Likert scales. As a result, creating consensus criteria is an inherently subjective process
that requires taking into account the nature of questions and the scale of answers, as well as
the number of participants. A systematic review study by Diamond et al. (2014) revealed
that only around half of Delphi studies defined and reported an exact agreement level;
those that did reported agreement levels ranging from 51 to 95 percent. In this study, we
used a 75 percent agreement level, aligned with previous similar Delphi studies (Ahmadi
et al., 2023; Teixeira et al., 2020). After the three rounds were completed, we compiled
contentious activities that some teachers had said should be removed because they were
redundant. We asked the teachers to indicate which activities should be removed. The
activities that were agreed upon by more than half of the teachers were removed.

Results
Round 1 and 2

The Delphi Round 1 survey was completed by the 36 teachers. Three of the thirty-one
learning activities on the initial list came to an agreement. We combined 13 activities into
6, removed 1, and proposed 2 new activities based on the qualitative comment. Then we
sent the 22 learning activities that failed to come to an agreement to the teachers in the
next round for more comments. All the teachers completed the survey in Round 2. Of the
22 activities, 10 activities came to an agreement. We used the qualitative comments to
combine seven activities into four and remove one. Then we sent the eight activities that
failed to come to an agreement to the teachers for more comments in Round 3.
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Round 3

All the teachers completed the Round 3 survey. Of the 8 remaining activities, 7 reached
consensus, and one was removed. Table 1 shows all the learning activities and their
descriptions; Table 2 shows all the learning activities and their impact on SDT needs and
SRL phases. The analyses after the three rounds revealed that the teachers in Hong Kong
suggested 20 learning activities using ChatGPT that could satisfy SDT needs to foster
SRL in schools. They search information, get examples, check their answers, generate
review questions to check for their understanding, create new problems for practice, create
challenging problems, get insight into complex problems, ask ideas for their improvement,
make lists or outlines, summarize their own work, ask for definitions, generate questions
for discussions, generate questions for essays, get feedback for their work, practice peer
feedback, prepare for tough conversations, visualize a problem, anticipate ChatGPT’s
outputs, grade ChatGPT’s outputs, and debate with ChatGPT.

Overall, the majority of learning activities (11 out of 20) could better satisfy students’
basic needs for competence, followed by learning activities that better satisfy students’
needs for autonomy. The fewest activities are in favor of relatedness. Moreover, the results
reveal that in SRL phases, both performance and self-reflection are better supported by
eight activities using ChatGPT. Forethought is better supported by four activities.

Discussion

This Delphi study suggests a classification tool to foster student SRL by applying SDT
from the teacher perspective. It identified and categorized 20 SDT-based learning activities
using ChatGPT for SRL. As we discussed in the literature review, ChatGPT has the
potential to motivate or demotivate students in SRL (Chiu et al., 2023; Kasneci et al., 2023;
Rospigliosi, 2023). How ChatGPT impacts SRL and needs satisfaction remains unclear.
More research is needed to investigate how ChatGPT-based activities impact needs
satisfaction and the SRL phase. Moreover, a relevant classification tool is needed to guide
practitioners and scholars to teach and conduct intervention research. The tool proposed in
this study could advance the field of GenAl in education and SDT-based research.

In this paper, the results have five major theoretical and practical implications: (i) how
ChatGPT satisfies SDT-based needs, (ii) how it supports the SRL process, (iii) what the list
suggests, and how to use the list of ChatGPT based learning activities in (iv) research and
(v) teaching.

First, the results revealed that more ChatGPT-based learning activities could adequately
satisfy student needs for competence. The nature of this emerging technology may be the
driving force behind it. ChatGPT provides students with instant, tailored feedback and is
very informative (Chiu, 2023, 2024; Javaid et al., 2023). The answers to the students’ que-
ries and issues are available anytime and anywhere (#3, #11, and #14). Additionally, stu-
dents may get more proficient through practice and asking more questions (like #5, #6,
#18, and #19). They may believe that they can finish tasks and respond to any queries when
using ChatGPT for learning (Gill et al., 2024; Javaid et al., 2023). Furthermore, the teach-
ers thought ChatGPT may provide students with a sense of agency or ownership over their
learning. Teachers in conventional teacher-centered classrooms could offer new problems
or questions to the class or give instructions. In non-Al technology-enhanced classrooms,
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students also get similar online information (e.g., similar search keywords on Google).
There is no interactive or one-to-one information retrieval process in these two types of
classrooms. ChatGPT is different and allows students to continuously communicate with
ChatGPT to obtain their own ideas, examples, and questions (Gill et al., 2024; Javaid et al.,
2023; #2, #7, #9, #12, and #13), enhancing their ownership. Personalized digital learning
environments that enable students to voice their desires and get their preferred ideas are
more likely to be created (Pataranutaporn et al., 2021). Additionally, the teachers felt that
there are not enough ChatGPT-based learning activities that may satisfy student related-
ness (only two). This finding is consistent with other previous research that indicates digi-
tal needs support has less attention to relatedness (Butz & Stupnisky, 2017; Chiu, 2021;
Molina et al., 2022). A plausible explanation is that students still thought of ChatGPT as
a machine interface even though it could converse with them in a human-like way. This
suggests that in ChatGPT based settings, students might not feel warm and connected
(Chiu, 2021). This finding confirms that most SDT-based research on educational technol-
ogy focuses on the needs for competence and autonomy (Chiu, 2021; Molina et al., 2022).
Accordingly, ChatGPT offers benefits and creates new learning opportunities to better sat-
isfy the needs for competence and autonomy.

Second, according to the teachers, ChatGPT-based learning activities can support three
SRL phases: forethought, performance, and self-reflection. During the forethought phase,
learning activities (#2 and #11) might provide more precise descriptions and examples
for problem clarification, along with alternate suggestions for learning strategies (#1 and
#9). A clear understanding of problems is more likely to keep students motivated. In the
performance phase, the teachers thought that the suggested ChatGPT-based activities in
the results may foster SRL processes. Students may practice and obtain additional fresh
ideas for solving problems (#7), as well as become ready for applying what they have
practiced and learned (#12, #13, #15, #16, and #20) by using ChatGPT. One important
procedure in this phase is asking for help, which ChatGPT fosters more effectively than
teachers. Students may use ChatGPT to make rapid, customized, and limitless requests
(Gill et al., 2024; Javaid et al., 2023). In the final phase, teachers felt that ChatGPT might
help students with their self-reflection process by giving them feedback (#3, #4, and #14),
letting them practice self-reflection techniques (#18 and #19), and providing them with
further suggestions for improvement (#5, #6, and #8). These imply that ChatGPT has the
potential to offer a resourceful, engaging, and conversational student-centered environment
that is focused on the needs of the students. These findings are aligned with the studies on
how to foster SRL through ChatGPT (Baidoo-Anu & Ansah, 2023; Kasneci, 2023; Wu
et al., 2023). This environment, which encourages “think pair and share” thinking, fosters
the SRL skills of low-ability students while pushing high-ability kids to reach their full
potential (Xia et al., 2023).

Third, out of the three SDT-based needs, the only one that ChatGPT learning activities
satisfy among all three SRL phases is competence. ChatGPT cannot adequately satisfy
relatedness and autonomy at every SRL phase. This suggests that ChatGPT might not be
able to satisfy every need of the student on its own. Well-researched teacher needs support
is still required for young students’ SRL process (Baars et al., 2022). Since school children
are still developing, teachers must provide them with direction and guidance. To fully
utilize each student’s SRL potential, ChatGPT and the teacher should collaborate (Chiu
et al., 2023). Despite the fact that needs satisfaction is an integrative concept, autonomy
and relatedness are still better satisfied by ChatGPT, according to SDT (Ryan & Deci,
2020). More studies may be needed to investigate how ChatGPT supports needs for
autonomy and relatedness in every phase of SRL.
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Fourth, the findings provide a classification tool to assist researchers in replicating,
using, and integrating successful educational technology research and development
projects (e.g., GenAI-ChatGPT, text-image generator, and voice-text generator). To assess
whether specific digital learning activities have the greatest impact on needs satisfaction,
motivation, and SRL processes, the researchers can use the tools to conduct intervention
research to provide more evidence on whether ChatGPT can foster the SRL process. The
developers may use activities to improve educational ChatGPT development.

Finally, SRL with ChatGPT is new to school teaching (Xia et al., 2023). Although
the classification tool gives suggestions for using ChatGPT to foster the SRL process
and satisfy SDT needs, many of these activities are not typical or less common teaching
practices. Teachers would need to modify them for their own teaching. The tool also makes
a good starting point for many innovative teaching methods. Moreover, policy makers
can use this tool for guidelines for Al in education, and run professional development for
integrating ChatGPT as GenAl in education.

Overall, this study suggests a classification tool for how to foster student SRL with
ChatGPT by applying SDT. As ChatGPT is the most common GenAl tool in teaching and
learning, the tool can be applied to other GenAl tools. Researchers and practitioners can
use the learning activities suggested in this classification tool to research the impact of
other GenAl tools on SRL and satisfaction.

Limitations and future research suggestions

This study identifies six limitations as well as potential research directions. Intervention and
experimental research: The effects of each ChatGPT learning activity are not investigated
in this study. Despite the fact that the teachers in this study acknowledged that the activities
on the list might help with SDT needs satisfaction and the SRL process, ChatGPT teaching
and learning are still relatively new and understudied (Chiu, 2023, 2024; Rospigliosi,
2023). It is unclear how it supports SDT needs and the SRL process. Future research might
use an experimental or interventional design to examine the impact of each activity on
needs satisfaction and the SRL process.

More innovative activities: ChatGPT is an emerging technology that is always adding
new features (Chang & Kidman, 2023; Kasneci et al., 2023). Co-design or design-based
studies that capture diverse perspectives from engineers, educational researchers, and
practitioners are recommended to generate more innovative activities with ChatGPT.

International panelists: the purpose of this study is to gather the viewpoints of eastern
practitioners. The findings have made a significant contribution to local and regional
research and educational communities. A more diversified panelist, on the other hand, is
proposed for a new Delphi investigation (Ahmadi et al., 2023). For example, to completely
represent the spectrum of viewpoints, the panel should include SDT and educational
technology experts, as well as practitioners from various regions.

Learning diversity: ChatGPT has the potential to narrow and broaden learning diversity,
or the digital divide (Chiu, 2023). This was not considered in this study. Individual
differences, such as gender and learning capacity, should be included in future research.

Blended learning: this study solely looked at the impact of digital support (ChatGPT).
However, blended learning is the most common practice in schools when using technology
(Chiu, 2021). Teachers and digital needs support should work together. This classification
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may not simply apply to classroom instruction because the aims and contexts differ. In
future studies, a new classification tool should include teacher needs support.

Relationships in SDT needs and SRL phases: although this classification tool aims to
provide an exclusive classification list, i.e., each activity only serves one need in SDT or
one phase in SRL. However, the three needs and the three phases are closely related. They
are not mutually exclusive. Future research should use correlational studies to investigate
how the activities impact the needs and phases.

Conclusion

Given how this field of AI in education is emerging, this study provides a useful
exploratory start to understand GenAl links to the SRL process by applying SDT. To our
knowledge, we established the first classification tool of its kind in this study to thoroughly
canvass eastern school teacher perspectives on how ChatGPT influences SRL and needs
satisfaction. It obtained consensus from 36 qualified school teachers using a best-practice
three-round Delphi approach (Ahmadi et al., 2023; Diamond et al., 2014). Eastern teachers
differ from Western teachers (for example, individualistic versus collectivist societies)
(Chiu, 2023; Iyengar & Lepper, 1999). Because of this cultural difference, this study’s
findings contribute to the field by adding an eastern teacher perspective. We expect that this
tool will make it simpler for researchers to identify better ways to explore how ChatGPT
may promote student motivation, as well as for practitioners to adopt those activities to
improve student SRL and outcomes.

Acknowledgements The authors thank you for the school teachers for participate this study.
Funding This study is funded by General Research Grants (Project Code: 14610522).

Data availability The datasets used for the current study are available from the corresponding author on
reasonable request.

Declarations

Competing interests This study got ethical clearance from the author’s university. There is no conflict of
interests between the author and participants.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Ahmadi, A., Noetel, M., Parker, P. D., Ryan, R., Ntoumanis, N., Reeve, J., & Lonsdale, C. (2023). A clas-
sification system for teachers’ motivational behaviours recommended in self-determination theory
interventions. Journal of Education Psychology, Advance Online Publication. https://doi.org/10.1037/
edu0000783

AECT @ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1037/edu0000783
https://doi.org/10.1037/edu0000783

T.K.F.Chiu

Baars, M., Khare, S., & Ridderstap, L. (2022). Exploring students’ use of a mobile application to support
their self-regulated learning processes. Frontiers in Psychology, 13, 793002. https://doi.org/10.3389/
fpsyg.2022.793002

Baidoo-Anu, D., & Ansah, L. O. (2023). Education in the era of generative artificial intelligence (AI):
Understanding the potential benefits of ChatGPT in promoting teaching and learning. Journal of Al
7(1), 52-62.

Bruso, J., Stefaniak, J., & Bol, L. (2020). An examination of personality traits as a predictor of the use
of self-regulated learning strategies and considerations for online instruction. Educational Technology
Research and Development, 68, 2659-2683. https://doi.org/10.1007/s11423-020-09797-y

Butz, N. T., & Stupnisky, R. H. (2017). Improving student relatedness through an online discussion
intervention: The application of self-determination theory in synchronous hybrid programs. Com-
puters & Education, 114, 117-138. https://doi.org/10.1016/j.compedu.2017.06.006

Chang, C. H., & Kidman, G. (2023). The rise of generative artificial intelligence (AI) language models-
challenges and opportunities for geographical and environmental education. International Research
in Geographical and Environmental Education, 32(2), 85-89. https://doi.org/10.1080/10382046.
2023.2194036

Chen, K. C., & Jang, S. J. (2010). Motivation in online learning: Testing a model of self-determination
theory. Computers in Human Behavior, 26(4), 741-752. https://doi.org/10.1016/j.chb.2010.01.011

Chiu, T. K. F. (2021). Digital support for student engagement in blended learning based on self-deter-
mination theory. Computers in Human Behavior, 124, 106909. https://doi.org/10.1016/j.chb.2021.
106909

Chiu, T. K. F. (2022). Applying the Self-determination Theory (SDT) to explain student engagement in
online learning during the COVID-19 pandemic. Journal of Research on Technology in Education,
54(supl), 14-30. https://doi.org/10.1080/15391523.2021.1891998

Chiu, T. K. F. (2023). The impact of Generative AI (GenAl) on practices, policies and research direction
in education: A case of ChatGPT and Midjourney. Interactive Learning Environments, Advanced
Publication. https://doi.org/10.1080/10494820.2023.2253861

Chiu, T. K. F. (2024). Future research recommendations for transforming higher education with Genera-
tive Al. Computer & Education: Artificial Intelligence, 6, 100197. https://doi.org/10.1016/j.caeai.
2023.100197

Chiu, T. K. F., Jong, M. S. Y., & Mok, I. A. C. (2020). Does learner expertise matter when design-
ing emotional multimedia for learners of primary school mathematics? Educational Technology
Research and Development, 68, 2305-2320. https://doi.org/10.1007/s11423-020-09775-4

Chiu, T. K. F., Moorhouse, B. L., Chai, C. S., & Ismailov, M. (2023). Teacher support and student
motivation to learn with artificial intelligence (AI) chatbot. Interactive Learning Environments,
Advanced Online Publication. https://doi.org/10.1080/10494820.2023.2172044

Dalkey, N., & Helmer, O. (1963). An experimental application of the Delphi method to the use of
experts. Management Science, 9(3), 458—467. https://doi.org/10.1287/mnsc.9.3.458

Diamond, I. R., Grant, R. C., Feldman, B. M., Pencharz, P. B, Ling, S. C., Moore, A. M., & Wales, P.
W. (2014). Defining consensus: A systematic review recommends methodologic criteria for report-
ing of Delphi studies. Journal of Clinical Epidemiology, 67(4), 401-409. https://doi.org/10.1016/j.
jclinepi.2013.12.002

Dorrenbicher, L., & Perels, F. (2016). Self-regulated learning profiles in college students: Their rela-
tionship to achievement, personality, and the effectiveness of an intervention to foster self-regulated
learning. Learning and Individual Differences, 51, 229-241. https://doi.org/10.1016/j.1indif.2016.
09.015

Farrokhnia, M., Banihashem, S. K., Noroozi, O., & Wals, A. (2023). A SWOT analysis of ChatGPT:
Implications for educational practice and research. Innovations in Education and Teaching Interna-
tional, Advanced Online Publication. https://doi.org/10.1080/14703297.2023.2195846

Gill, S. S., Xu, M., Patros, P., Wu, H., Kaur, R., Kaur, K., & Buyya, R. (2024). Transformative effects
of ChatGPT on modern education: Emerging Era of Al Chatbots. Internet of Things and Cyber-
Physical Systems, 4, 19-23. https://doi.org/10.1016/j.iotcps.2023.06.002

Guay, F. (2022). Applying self-determination theory to education: Regulations types, psychological
needs, and autonomy supporting behaviors. Canadian Journal of School Psychology, 37(1), 75-92.
https://doi.org/10.1177/08295735211055355

Iyengar, S. S., & Lepper, M. R. (1999). Rethinking the value of choice: A cultural perspective on intrin-
sic motivation. Journal of Personality and Social Psychology, 76(3), 349-366. https://doi.org/10.
1037/0022-3514.76.3.349

@ Springer ACECT


https://doi.org/10.3389/fpsyg.2022.793002
https://doi.org/10.3389/fpsyg.2022.793002
https://doi.org/10.1007/s11423-020-09797-y
https://doi.org/10.1016/j.compedu.2017.06.006
https://doi.org/10.1080/10382046.2023.2194036
https://doi.org/10.1080/10382046.2023.2194036
https://doi.org/10.1016/j.chb.2010.01.011
https://doi.org/10.1016/j.chb.2021.106909
https://doi.org/10.1016/j.chb.2021.106909
https://doi.org/10.1080/15391523.2021.1891998
https://doi.org/10.1080/10494820.2023.2253861
https://doi.org/10.1016/j.caeai.2023.100197
https://doi.org/10.1016/j.caeai.2023.100197
https://doi.org/10.1007/s11423-020-09775-4
https://doi.org/10.1080/10494820.2023.2172044
https://doi.org/10.1287/mnsc.9.3.458
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.lindif.2016.09.015
https://doi.org/10.1016/j.lindif.2016.09.015
https://doi.org/10.1080/14703297.2023.2195846
https://doi.org/10.1016/j.iotcps.2023.06.002
https://doi.org/10.1177/08295735211055355
https://doi.org/10.1037/0022-3514.76.3.349
https://doi.org/10.1037/0022-3514.76.3.349

A classification tool to foster self-regulated learning with...

Javaid, M., Haleem, A., Singh, R. P., Khan, S., & Khan, I. H. (2023). Unlocking the opportunities through
ChatGPT Tool towards ameliorating the education system. BenchCouncil Transactions on Bench-
marks, Standards and Evaluations, 3(2), 100115. https://doi.org/10.1016/j.tbench.2023.100115

Jorm, A. F. (2015). Using the Delphi expert consensus method in mental health research. The Australian
and New Zealand Journal of Psychiatry, 49(10), 887-897. https://doi.org/10.1177/0004867415600891

Kasneci, E., SeBler, K., Kiichemann, S., Bannert, M., Dementieva, D., Fischer, F., & Kasneci, G. (2023).
ChatGPT for good? On opportunities and challenges of large language models for education.
Learning and Individual Differences, 103, 102274. https://doi.org/10.1016/j.1indif.2023.102274

Keeney, S., Hasson, F., & McKenna, H. (2006). Consulting the oracle: Ten lessons from using the Del-
phi technique in nursing research. Journal of Advanced Nursing, 53(2), 205-212. https://doi.org/10.
1111/5.1365-2648.2006.03716.x

Luo, Y., Lin, J., & Yang, Y. (2021). Students’ motivation and continued intention with online self-reg-
ulated learning: A self-determination theory perspective. Zeitschrift Fiir Erziehungswissenschaft,
24(6), 1379-1399. https://doi.org/10.1007/s11618-021-01042-3

Manganelli, L., Thibault-Landry, A., Forest, J., & Carpentier, J. (2018). Self-determination theory
can help you generate performance and well-being in the workplace: A review of the literature.
Advances in Developing Human Resources, 20(2), 227-240. https://doi.org/10.1177/1523422318
757

Molenaar, 1., de Mooij, S., Azevedo, R., Bannert, M., Jérveld, S., & GaSevi¢, D. (2023). Measuring self-
regulated learning and the role of Al: Five years of research using multimodal multichannel data.
Computers in Human Behavior, 139, 107540. https://doi.org/10.1016/j.chb.2022.107540

Molina, F., Molina, M. D., & Molina, C. (2022). Motivating learning through digital apps: The impor-
tance of relatedness satisfaction. International Journal of Human-Computer Interaction. https://
doi.org/10.1080/10447318.2022.2097777

Olivier, E., Galand, B., Morin, A.J., & Hospel, V. (2021). Need-supportive teaching and student engage-
ment in the classroom: Comparing the additive, synergistic, and global contributions. Learning and
Instruction, 71, 101389. https://doi.org/10.1016/j.learninstruc.2020.101389

Pataranutaporn, P., Danry, V., Leong, J., Punpongsanon, P., Novy, D., Maes, P., & Sra, M. (2021). Al-
generated characters for supporting personalized learning and well-being. Nature Machine Intel-
ligence, 3(12), 1013-1022. https://doi.org/10.1038/s42256-021-00417-9

Peverly, S. T., Brobst, K. E., Graham, M., & Shaw, R. (2003). College adults are not good at self-regula-
tion: A study on the relationship of self-regulation, note taking, and test taking. Journal of Educa-
tional Psychology, 95(2), 335-346. https://doi.org/10.1037/0022-0663.95.2.335

Pintrich, P. R. (2000). Multiple goals, multiple pathways: The role of goal orientation in learning and
achievement. Journal of Educational Psychology, 92(3), 544-555. https://doi.org/10.1037/0022-
0663.92.3.544

Pintrich, P. R. (2002). The role of metacognitive knowledge in learning, teaching, and assessing. Theory
into Practice, 41(4), 219-225. https://doi.org/10.1207/s15430421tip4104_3

Rospigliosi, P. A. (2023). Artificial intelligence in teaching and learning: What questions should we ask
of ChatGPT? Interactive Learning Environments, 31(1), 1-3. https://doi.org/10.1080/10494820.
2023.2180191

Roth, A., Ogrin, S., & Schmitz, B. (2016). Assessing self-regulated learning in higher education: A
systematic literature review of self-report instruments. Educational Assessment, Evaluation and
Accountability, 28, 225-250. https://doi.org/10.1007/s11092-015-9229-2

Ryan, R. M., & Deci, E. L. (2020). Intrinsic and extrinsic motivation from a self-determination theory
perspective: Definitions, theory, practices, and future directions. Contemporary Educational Psy-
chology, 61, 101860. https://doi.org/10.1016/j.cedpsych.2020.101860

Sitzmann, T., & Ely, K. (2011). A meta-analysis of self-regulated learning in work-related training and
educational attainment: What we know and where we need to go. Psychological Bulletin, 137(3),
421-422. https://doi.org/10.1037/a0022777

Teixeira, P. J., Marques, M. M., Silva, M. N., Brunet, J., Duda, J., Haerens, L., La Guardia, J., Lind-
wall, M., Lonsdale, C., & Markland, D. (2020). A classification of motivation and behavior change
techniques used in self-determination theory-based interventions in health contexts. Motivation Sci-
ence, 6(4), 438-455. https://doi.org/10.1037/mot0000172

Valle, N., Brishke, J., Shenkman, E., & Ritzhaupt, A. D. (2022). Design, development and evaluation of
the Citizen Science Cancer Curriculum (CSCC): A design and development case study. TechTrends,
66(4), 666-680. https://doi.org/10.1007/s11528-022-00737-6

Wu, T. T., Lee, H. Y., Li, P. H., Huang, C. N., & Huang, Y. M. (2023). Promoting self-regulation pro-
gress and knowledge construction in blended learning via ChatGPT-based learning aid. Journal

AECT @ Springer


https://doi.org/10.1016/j.tbench.2023.100115
https://doi.org/10.1177/0004867415600891
https://doi.org/10.1016/j.lindif.2023.102274
https://doi.org/10.1111/j.1365-2648.2006.03716.x
https://doi.org/10.1111/j.1365-2648.2006.03716.x
https://doi.org/10.1007/s11618-021-01042-3
https://doi.org/10.1177/1523422318757
https://doi.org/10.1177/1523422318757
https://doi.org/10.1016/j.chb.2022.107540
https://doi.org/10.1080/10447318.2022.2097777
https://doi.org/10.1080/10447318.2022.2097777
https://doi.org/10.1016/j.learninstruc.2020.101389
https://doi.org/10.1038/s42256-021-00417-9
https://doi.org/10.1037/0022-0663.95.2.335
https://doi.org/10.1037/0022-0663.92.3.544
https://doi.org/10.1037/0022-0663.92.3.544
https://doi.org/10.1207/s15430421tip4104_3
https://doi.org/10.1080/10494820.2023.2180191
https://doi.org/10.1080/10494820.2023.2180191
https://doi.org/10.1007/s11092-015-9229-2
https://doi.org/10.1016/j.cedpsych.2020.101860
https://doi.org/10.1037/a0022777
https://doi.org/10.1037/mot0000172
https://doi.org/10.1007/s11528-022-00737-6

T.K.F.Chiu

of Educational Computing Research, Advanced Online Publication. https://doi.org/10.1177/07356
331231191125

Xia, Q., Chiu, T. K. F,, Chai, C. S., & Xie, K. (2023). The mediating effects of needs satisfaction on
the relationships between prior knowledge and self-regulated learning through artificial intelligence
chatbot. British Journal of Educational Technology, 54(4), 967-986. https://doi.org/10.1111/bjet.
13305

Xia, Q., Chiu, T. K. F., Lee, M., Temitayo, I., Dai, Y., & Chai, C. S. (2022). A self-determination theory
design approach for inclusive and diverse artificial intelligence (Al) K-12 education. Computers &
Education, 189, 104582. https://doi.org/10.1016/j.compedu.2022.104582

Zimmerman, B. J. (2011). Motivational sources and outcomes of self-regulated learning and perfor-
mance. Handbook of self-regulation of learning and performance. Routledge.

Zimmerman, B. J., & Moylan, A. R. (2009). Self-regulation: Where metacognition and motivation intersect.
In D. J. Hacker, J. Dunlosky, & A. C. Graesser (Eds.), Handbook of metacognition in education (pp.
299-315). Routledge.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Thomas K. F. Chiu is Assistant Professor at the Department of Curriculum and Instruction, and Associate
Director of the Centre for University and School Partnership and Centre for Learning Sciences and Tech-
nologies at The Chinese University of Hong Kong.

@ Springer ACECT


https://doi.org/10.1177/07356331231191125
https://doi.org/10.1177/07356331231191125
https://doi.org/10.1111/bjet.13305
https://doi.org/10.1111/bjet.13305
https://doi.org/10.1016/j.compedu.2022.104582

	A classification tool to foster self-regulated learning with generative artificial intelligence by applying self-determination theory: a case of ChatGPT
	Abstract
	Theoretical background
	SRL and learner motivation
	Digital SDT based support from with ChatGPT as GenAI
	SRL with ChatGPT as GenAI
	Research gaps

	This study and method
	Research goal
	Research design
	Participants
	Research procedures
	Consensus criteria


	Results
	Round 1 and 2
	Round 3

	Discussion
	Limitations and future research suggestions
	Conclusion
	Acknowledgements 
	References


