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Abstract

Digital storytelling is widely used in education as a multimodal design practice that fore-
grounds creator agency and audience awareness. Generative Al (GenAl) expands the
speed and range of story production but also raises questions about how educators re-
tain pedagogical control over generated content. This exploratory qualitative study used
cross-case workflow analysis to examine how 27 pre-service early childhood educators
in Hong Kong designed GenAl-mediated mathematics storybooks. Data included video-
recorded process presentations, records of interactions with ChatGPT (GPT-5) and Krea 2,
and completed storybooks. Analysis traced participant decisions across planning, gener-
ation, curation, and integration, focusing on GenAl-related affordance uptake, recurring
workflow patterns, and tensions among technical innovation, ethical accountability, and
cultural impact. Findings show that participants commonly used GenAl to steer gener-
ation through pedagogical constraints; expand narrative and visual alternatives; and se-
lect, reject, or revise generated materials. Two recurring process patterns were identified:
constraint-guided planning-to-generation, in which pedagogical requirements were estab-
lished early and used to guide subsequent decisions, and exploration-to-selection, in which
participants generated and compared alternatives before progressively stabilizing a pre-
ferred direction. Across both patterns, tensions were particularly evident during curation
and integration, when participants balanced efficiency with sustained oversight, creative
variation with pedagogical coherence, and generic outputs with local contextual fit. The
findings show that GenAl-mediated storybook creation is not simply a process of gener-
ating text and images, but a pedagogical workflow in which pre-service teachers exercise
agency through the critical selection, revision, and integration of Al-generated materials.
Implications are discussed for teacher education, Al literacy, and the design of scalable
support for teachers’ use of GenAl

Keywords: generative Al; digital storytelling; pre-service teachers; teacher education

1. Introduction

Digital storytelling has received growing research attention in recent decades. With
the emergence of generative Al (GenAl), producing digital stories has become more acces-
sible, as GenAl can generate multimodal resources with minimal specialized equipment
or technical expertise. However, these lowered production barriers also intensify concerns
central to a design- and agency-oriented understanding of Al-mediated storytelling. This

Educ. Sci. 2026, 16, 1163

https://doi.org/10.3390/educsci16071163


https://crossmark.crossref.org/dialog?doi=10.3390/educsci16071163&domain=pdf&date_stamp=2026-07-21
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/education
https://www.mdpi.com
https://orcid.org/0000-0002-4629-7052
https://orcid.org/0009-0002-9617-287X
https://doi.org/10.3390/educsci16071163

Educ. Sci. 2026, 16, 1163

20f21

is because Al systems can shift or obscure authorial control, encourage uncritical accep-
tance of machine-generated outputs, and introduce less visible yet consequential influ-
ences on narrative coherence, representation, and meaning (Amershi et al., 2019; Long
& Magerko, 2020). In educational settings, these issues are particularly salient because
teachers remain accountable for the pedagogical intent, developmental appropriateness,
and cultural implications of the stories they bring into classrooms, even when parts of the
content are Al-generated (Cukurova & Miao, 2024).

Empirical research on how educators use GenAl in storytelling remains limited, partly
because the field is emerging and classroom practices are evolving rapidly. Understand-
ing Al-related affordance uses and design patterns is important because it clarifies how
creators coordinate human and Al initiatives across the stages of story design, what kinds
of agency are retained or delegated, and what trade-offs are made between efficiency and
ethical judgement. Such evidence can inform teacher education by identifying the capabil-
ities and support teachers need to use GenAl responsibly.

We focus on pre-service early childhood educators in Hong Kong because storytelling
is a common and curriculum-relevant pedagogical practice for supporting young chil-
dren’s oral language, emergent literacy, and social development (Nicolopoulou et al., 2015).
It is also a high-stakes domain where issues of representation, language appropriateness,
and child development are especially consequential (Gay, 2018). By examining how pre-
service early childhood educators use GenAl tools to design mathematics storybooks for
young learners, this study contributes an empirically grounded account of workflow pat-
terns in Al-mediated storytelling, the GenAl-related tool affordances participants took up,
and the pedagogical considerations that shaped their design decisions. It also offers im-
plications for teacher education, including ways to scaffold storybook creation, strengthen
pre-service teachers” pedagogical judgement and agency, and support critical evaluation
of Al-generated materials before they are used as classroom-ready resources.

2. Digital Storytelling in the GenAlI Era

Digital storytelling generally refers to the use of digital multimodal resources, such as
images, audio, and video, to develop and communicate narratives (Robin, 2006). Its edu-
cational value lies not simply in the use of digital media, but in the design work it requires.
Creators must select and coordinate modes, maintain narrative coherence, and anticipate
how audiences will interpret the resulting story. Accordingly, research on digital story-
telling and multimodal literacy emphasizes creator agency and the purposeful orchestra-
tion of resources in meaning-making (Petit, 2020).

In educational contexts, digital storytelling has been used to support multimodal
and digital literacy as well as reflective learning. Studies have examined its potential to
strengthen learners’ digital literacy through multimedia production and information work
(Chanetal., 2017; Churchill, 2020) and have highlighted its integration of narrative writing,
design choices, and audiovisual composition (Wu & Chen, 2020). It is therefore often as-
sociated with student-centred learning designs that promote engagement, creativity, and
reflective meaning-making (Bilici & Yilmaz, 2024; Staley & Freeman, 2017).

Wu and Chen’s (2020) synthesis of 57 empirical studies further demonstrates that ed-
ucational digital storytelling is not a single pedagogical form. They identified five orien-
tations: appropriative, agentive, reflective, reconstructive, and reflexive. These orienta-
tions range from using story production to apply a learned concept to supporting learner
autonomy, reflection, critical re-examination of assumptions, and identity work. Collec-
tively, this literature positions digital storytelling as a designed and potentially value-laden
meaning-making practice in which creators make consequential decisions about narrative,
representation, and audience.
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Recent advances in GenAl make this design- and agency-oriented understanding es-
pecially important. GenAl tools can generate textual, visual, and auditory materials, en-
abling creators to produce story elements with less specialized technical expertise (Colton
& Wiggins, 2012; Nounanaki, 2025). In storybook creation, these tools may support brain-
storming, script generation, image generation, revision, and multimodal assembly. How-
ever, they also introduce new concerns about the opacity of generated outputs, the distri-
bution of authorial control, the accuracy and appropriateness of content, and the cultural
assumptions embedded in generated narratives and images. The key issue is therefore not
whether GenAl is used, but how creators utilize its possibilities and exercise judgement
throughout the production process. Addressing this question requires distinguishing be-
tween the action possibilities that GenAl tools make available and the recurring ways cre-
ators organize those possibilities across the storybook-creation workflow.

3. Tool Affordances and Design Patterns for GenAI-Mediated Stories

In this study, tool affordances refer to the action possibilities made available through
the relationship between a technology’s functions and users’ goals, knowledge, and capa-
bilities (Nagy & Neff, 2015). For example, GenAl tools may enable users to specify con-
straints, generate alternatives, select or recombine outputs, revise content, and assemble
textual and visual materials. Prompting, selecting, revising, and integrating are the en-
acted practices through which users actualize these affordances. Design patterns, by con-
trast, refer to recurring ways in which these practices are organized and sequenced over
time across the stages of storybook design (Tsiakas & Murray-Rust, 2024). They not only
capture what users can do with a tool, but also how they combine and coordinate available
affordances throughout the storybook-creation workflow.

Individual interaction practices do not, by themselves, explain how users organize
initiative and oversight across an extended creative task. Pattern-oriented human-AI in-
teraction research offers a useful vocabulary for examining these processes. Luera et al.
(2024) identified recurring user-guided practices, including prompting, selecting gener-
ated alternatives, manipulating system behavior, and transforming generated objects. Ex-
tending this interaction-level perspective, Lin et al. (2023) mixed-initiative co-creativity
framework characterizes human—AlI collaboration through configurations of control, in-
cluding who initiates an action, whether interaction elaborates new possibilities or reflects
on prior outputs, and whether attention is directed to the overall artefact or particular com-
ponents. Evidence from Al-mediated picture-book creation suggests that these workflow-
level processes are especially important in storytelling contexts. Li and Chuprina (2024)
described iterative processes of stimulation, perception, resonance, and feedback, through
which users generated, compared, selected, assembled, and refined story and image mate-
rials. They further showed that technically plausible audiovisual outputs may not produce
meaningful narrative or emotional coherence without substantial human input. Together,
these studies suggest that GenAl-supported creation involves patterned cycles of genera-
tion, evaluation, selection, and integration rather than isolated prompts or outputs.

While affordances and workflow patterns explain the functions of GenAl tools and
how users organize their practices over time, they do not fully explain how users evalu-
ate the technical, ethical, and cultural implications of their decisions. To address this is-
sue, the present study draws on the Model of Al-Mediated Storytelling (AIMS) proposed
by Shahamat (2023) in an unpublished preprint. AIMS conceptualizes Al-mediated story-
telling through three interrelated dimensions: technical innovation, ethical accountability,
and cultural impact. In this study, technical innovation refers to how participants used
available GenAl functions to extend, accelerate, or reorganize their design work. Ethical
accountability refers to how participants checked, justified, revised, or assumed responsi-
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bility for the accuracy, developmental appropriateness, pedagogical suitability, and con-
sequences of generated content. Cultural impact refers to how participants considered,
retained, adapted, or revised cultural, linguistic, and representational elements in their
storybooks. Importantly, these AIMS dimensions provide evaluative dimensions through
which participants” uptake of tool affordances and workflow practices can be examined.

Building on these perspectives, this study examines how pre-service early childhood
educators use GenAl to create mathematics storybooks. As this area remains underex-
plored, the study is guided by the following exploratory research questions rather than
hypothesis-testing questions:

1.  What GenAl-related affordances do pre-service teachers report taking up across the
stages of planning, generation, curation, and integration?

2. What recurring process patterns characterize pre-service teachers’ GenAl-mediated
storybook creation across the stages of planning, generation, curation, and integration?

3. How do the identified process patterns and affordance choices surface and negoti-
ate tensions among technical innovation, ethical accountability, and cultural impact
across the stages of storybook creation?

4. Methodology
4.1. Research Design

This study adopted an exploratory qualitative design (Stebbins, 2025) to investigate
the underexplored design processes through which pre-service early childhood educators
use GenAl to create mathematics storybooks. This study examined the GenAl-related af-
fordances participants reported, recurring workflow patterns across storybook creation,
and how these practices related to technical innovation, ethical accountability, and cultural
impact. To examine how these design processes unfolded over time, we used cross-case
workflow analysis, which is a process-oriented analytic strategy that combines within-case
reconstruction of each participant’s design trajectory with cross-case comparison of recur-
ring workflow configurations (Miles et al., 2014). Each participant’s design process was
treated as an analytical case, drawing on their interaction logs with GenAlI tools, video-
recorded process presentations, and storybook design artefacts. We traced decisions across
planning, generation, curation, and integration within each case before comparing cases to
identify the affordance of GenAl uptake, recurring workflow patterns, and points at which
technical innovation, ethical accountability, and cultural impact were negotiated.

4.2. Participants

We used criterion-based purposive sampling within a convenience sample to recruit
information-rich participants with direct experience of designing GenAl-mediated mathe-
matics storybooks. The convenience sample comprised students enrolled in an accessible
university-level early childhood mathematics course that included an individual GenAlI-
supported storybook-design assignment. Within this cohort, participants were purpo-
sively included because their completed design activities and associated materials could
provide detailed evidence of the GenAl-mediated storybook-creation process. Eligibility
criteria were: (a) enrolment in the Bachelor of Education (Early Childhood Education)
programme; (b) participation in course workshops regarding designing storybooks us-
ing GenAl tools; (c) completion of the required individual storybook-design assignment;
(d) submission of the required GenAl interaction logs and design materials; (e) completion
of a process presentation; and (f) provision of informed consent for the use of their data in
this study.

At the beginning of the course, students were informed about the study through an
in-class announcement and were invited to participate voluntarily. Participation or non-

https://doi.org/10.3390/educsci16071163


https://doi.org/10.3390/educsci16071163

Educ. Sci. 2026, 16, 1163

50f21

participation did not affect course assessment or grades. Ethical approval was obtained
from the Human Research Ethics Committee of the corresponding author’s university be-
fore data collection. No incentives were provided, and all data were anonymized for analy-
sis and reporting. Twenty-seven students who met the eligibility criteria provided consent
and contributed a complete set of design materials. All participants were female, reflecting
the programme’s gender composition. Eighteen participants were aged 18-20, while the
remaining nine participants (33.33%) were aged 21-25. Table 1 presents the characteristics
of participants’ GenAl-mediated mathematics storybooks, including the intended learner
age group and target mathematics concept.

Table 1. Characteristics of Participants’ GenAl-Mediated Mathematics Storybooks.

Participant ID  Intended Learner Age Group Target Mathematics Concept

P001 K3 Recognizing coins and values of each coin

P002 K1 Counting

P003 K1 Counting

P004 K3 Simple addition and subtraction

P005 K3 Recognizing coins and values of each coin

P006 K1 Comparing quantities using “more”, “less”, and “equal”

P007 K3 Recognising three-dimensional shapes

P008 K2 Counting from 1 to 20

P009 K2 Comparing object lengths

P010 K3 Telling time to the hour using an analogue clock

P011 K1 Counting

P012 K1 Recognizing shapes

P013 K2 Comparing quantities using “more”, “less”, and “equal”

P014 K3 Telling time to the hour using an analogue clock

PO15 K3 Understanding and uz?dg Tti(;(s)i‘:c;onal language: above

P016 K3 Understanding and identifying the months of the year

P017 K1 Recognizing colors and shapes

PO1S K3 Measuring and comparing the lengths of objects using
non-standard units

P019 K1 Counting

P020 K3 Measuring and comparing the lengths of objects using
non-standard units

P021 K1 Recognizing shapes

P022 K2 Recognizing colors and shapes

P023 K2 Recognizing coins and values of each coin

P024 K3 Comparing quantities using “more”, “less”, and “equal”

P025 K3 Ordering numbers from greatest to smallest

P026 K1 Comparing and describing the relative sizes of shapes

P027 K2 Comparing quantities using “more”, “less”, and “equal

Note. K1, K2, and K3 refer to the first, second, and third years of kindergarten in Hong Kong, respectively. K1
serves children aged 34 years, K2 serves those aged 4-5 years, and K3 serves those aged 5-6 years.
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Sample adequacy was related to the study’s focused aim and the depth of multimodal
data available for each participant. Consistent with the concept of information power
(Malterud et al., 2016), each participant contributed a distinct design trajectory supported
by GenAl interaction logs, a video-recorded process presentation, and storybook design
artefacts. These materials enabled detailed within-case reconstruction of decisions across
planning, generation, curation, and integration, followed by systematic cross-case compar-
ison. The inclusion of 27 students was therefore considered adequate to identify recurring
workflow configurations and GenAl-affordance use patterns, while also attending to vari-
ations and discrepant cases across the storybook-creation process (Malterud et al., 2016).

4.3. Procedures

Participants were enrolled in a university-level course on teaching mathematics in
early childhood education. At the outset of the course, students received an individual
take-home assignment to design a classroom-ready mathematics storybook for possible
use in an early childhood teaching practicum with GenAl assistance. The assignment re-
quired students to select an age-appropriate mathematical concept, develop a coherent
story plot and script, create corresponding visual elements, and assemble the final story-
book using Book Creator. Students were also required to document their GenAl-supported
design process by retaining records of one complete GenAl interaction for text-related
brainstorming and generation and one for image-related brainstorming and generation.
Assessment criteria addressed the appropriateness and accuracy of the mathematical con-
tent, narrative coherence, quality and consistency of visual design, integration of textual
and visual elements, and the reflective use of GenAl tools.

Over four weekly workshops, the instructor guided participants through a structured
storybook-design sequence. Participants used the same GenAl tools during this four-week
period and while completing their storybooks following the workshops. In Workshop
1, the instructor introduced the pedagogical value of creating a mathematics storybook
and elicited participants’ prior knowledge and practicum-related teaching needs. Partic-
ipants then began to define their design tasks by identifying relevant practicum contexts
and selecting mathematical concepts as the thematic basis of their storybooks. During this
process, participants used ChatGPT (GPT-5), a conversational GenAl tool that generates
text in response to user prompts, to brainstorm and select mathematical concepts. Partici-
pants were instructed to use ChatGPT (GPT-5). Based on the model information available
in the submitted interaction records, the documented ChatGPT interaction of each par-
ticipant was conducted using GPT-5. In Workshop 2, participants explored GenAl tools
for generating textual content, including story plots, narration, and dialogue. They used
ChatGPT (GPT-5) to brainstorm and develop the storybook script. The instructor did not
provide any fixed prompt template, and participants formulated and refined their own
prompts. In Workshop 3, participants explored possible approaches to generating visual
content with generative Al (GenAl) tools. They compared the benefits and limitations of
different platforms and discussed the suitability of particular tools for different design
purposes. Following this exploration, participants were required to use Krea Al, an Al-
powered image-generation platform, to brainstorm and generate visual elements for their
storybooks through text-based prompts. Although participants were introduced to mul-
tiple GenAl tools during the workshops, Krea Al and ChatGPT were specified for image
and text generation, respectively, to ensure that comparable interaction records could be
collected across participants. In Workshop 4, participants further developed and refined
their storybook prototypes by confirming the storybook theme, visual style, illustrations,
storyline, and mathematical content.
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Following the workshops, each participant delivered an individual presentation of
their process, explaining how they had developed the storybook. The presentations were
conducted in Cantonese and video-recorded, capturing both participants’ verbal explana-
tions and on-screen materials. Each presentation lasted approximately 10 min. In addition
to the presentation, each participant submitted: (a) the final storybook; (b) one complete
ChatGPT interaction record documenting text-related brainstorming and script generation;
and (c) one complete Krea Al interaction record documenting image-related brainstorm-
ing and visual generation. These interaction records included participants’ prompts, Al-
generated outputs, and iterative refinements.

4.4. Data Analysis

The design trajectory of each participant constituted an analytical case. Within each
case, the primary unit of analysis was a participant-stage episode: a bounded segment
of planning, generation, curation, or integration reconstructed through the participant’s
process-presentation, GenAl interaction records, and completed storybook. The Can-
tonese presentation recordings were transcribed and translated into English by a trained
bilingual research assistant, with the translations checked against the original recordings
for accuracy. The resulting corpus therefore integrated participants’ narrated accounts in
the presentation transcripts, prompts and Al-generated outputs documented in the inter-
action records, and the textual and visual content of the completed storybooks, enabling tri-
angulation across participant reports, documented GenAl interactions, and artefact-based
evidence. For analytic purposes, the planning stage involved identifying the intended
learner group, the mathematical learning objective, the narrative direction, and initial de-
sign requirements. Generation involved using GenAl tools to produce textual or visual
materials, including story ideas, scripts, and images. Curation referred to evaluating, se-
lecting, rejecting, recombining, or revising generated materials in relation to pedagogical,
mathematical, narrative, and visual considerations. Integration referred to assembling se-
lected textual and visual materials into a coherent storybook through page sequencing,
layout, multimodal coordination, and final revision.

The analysis combined inductive coding with deductive, theory-informed interpre-
tation to identify affordances of GenAl use and recurring workflow patterns within and
across cases. Using the stage framework of planning, generation, curation, and integra-
tion, we organized each participant’s presentation transcript, interaction records, and sub-
mitted storybooks into case-by-stage matrices, with each row representing one participant
case and columns representing planning, generation, curation, and integration. Each cell
summarized relevant participant reports, documented GenAl interactions, and artefact-
based evidence. This enabled us to examine reported and documented design decisions
as sequences across the storybook-creation process, rather than as isolated actions.

We then conducted inductive coding to identify affordances and recurring workflow
sequences among participants using GenAl The GenAl-related tool affordance was coded
as taken up when a participant actively used a GenAl capability or generated output to
advance a discernible design purpose. This included specifying constraints in prompts,
generating or expanding alternatives, selecting or recombining outputs, revising gener-
ated content, and integrating textual and visual materials into the storybook. We then con-
ducted within-case analysis to identify recurring sequences of actions in each participant’s
workflow, followed by cross-case comparison to refine shared pattern bundles.

After the initial inductive coding of affordance use and workflow actions, we con-
ducted a second-cycle deductive coding process using the AIMS framework. Each
participant-stage episode was examined for evidence related to three AIMS dimensions:
technical innovation, ethical accountability, and cultural impact. Episodes were coded for
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technical innovation when participants used GenAl to increase efficiency, generate varia-
tion, or extend design possibilities. Episodes were coded for ethical accountability when
participants checked, justified, revised, or assumed responsibility for the accuracy, appro-
priateness, or consequences of generated content. Episodes were coded for cultural im-
pact when participants considered, retained, or revised cultural, linguistic, or represen-
tational elements. We then examined the co-occurrence and sequencing of these codes
within and across cases to identify points at which participants negotiated tensions among
the three dimensions.

To enhance trustworthiness, we maintained analytic memos and an audit trail docu-
menting codebook development, coding decisions, and pattern refinement. Two trained
research assistants independently coded a subset of seven participant cases (approximately
26% of the 27 cases) during codebook development. They compared their segmentation
decisions and code applications, discussed discrepancies, and refined the code definitions
through consensus. Following the calibration process, the two research assistants coded
the remaining 20 participant cases using the refined codebook, with 10 cases assigned to
each assistant. The first author reviewed the completed case-by-stage matrices, code ap-
plications, and preliminary pattern assignments. Ambiguous or discrepant cases were
discussed among the research team until consensus was reached.

4.5. Findings
4.5.1. Affordance Uptake Across Workflow Stages

We first examined the specific GenAl-related tool affordances that pre-service teach-
ers took up across planning, generation, curation, and integration. The affordance
families were inductively developed by comparing coded actions and decisions across
participant-stage episodes and grouping closely related practices into higher-order cate-
gories. The resulting families were refined through iterative within-case and cross-case
comparison, with attention to discrepant cases and corroborating evidence across tran-
scripts, interaction records, and completed storybooks. To ensure the empirical basis for
the findings is visible, Table 2 presents the operational definition and case count for each
affordance family.

Table 2. GenAl-affordance uptake across the storybook-creation workflow.

Affordance Family

Operational Definition Case Count

Steering and constraint-setting

Using prompts to specify pedagogical or design
requirements that guide GenAlI generation, such as
learner age, mathematical topic, story length, or
narrative structure.

21 of 27 cases

Option expansion and variation

Using GenAl to generate multiple possible storylines,
openings, characters, settings, explanations, or visual 19 of 27 cases

ti . . . .
generation alternatives before selecting a preferred direction.
Evaluating, retaining, rejecting, combining, or
Selection, rejection, and manually revising GenAl-generated outputs to
. . o . . 17 of 27 cases
recombination improve pedagogical fit, mathematical clarity,

narrative coherence, or age appropriateness.

Note. Case counts are non-exclusive because participants could enact more than one affordance family across
different workflow stages.
4.5.2. Steering and Constraint Affordances

The affordance family most consistently taken up involved steering and constraint-
setting (21 of 27 cases). Participants used prompts to translate pedagogical intentions into
requirements that shaped generation, including the intended learner age or developmental
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level, the mathematical topic, story length, narrative structure, and desired instructional
opportunities. Across these 21 cases, participants’ narrated accounts in the presentations
were broadly consistent with their GenAl interaction records and completed storybooks.

For example, P007 explained in her presentation that she wanted to design a story-
book to help children aged between five and six recognize three-dimensional shapes. Her
corresponding ChatGPT interaction record included the prompt, “Please suggest story-
books for children aged five to six years to learn to recognize three-dimensional shapes.”
In her Krea Al interaction record, she also specified this requirement, “Please give me a
picture with three objects: a sphere, a cylinder, and a rectangular prism.” The completed
storybook also retained this focus by presenting three-dimensional objects for children to
identify. Together, these sources show how her early pedagogical intentions were carried
into prompting and subsequently retained in the final artefact.

4.5.3. Option Expansion and Variation Generation

The second most frequently taken-up affordance family involved option expansion
and variation generation (19 of 27 cases). Participants used GenAl to produce multiple
story openings, characters, settings, mathematical explanations, visual styles, or alterna-
tive endings before selecting a preferred direction. This practice was often described as a
way to accelerate ideation and compare narrative possibilities.

For example, P001 used ChatGPT to generate and compare alternative everyday con-
texts for teaching children to recognize Hong Kong coins and their values. Her initial
prompt asked for “story plots that give a chance for children aged between 5 and 6 to rec-
ognize coins and values of each coin in Hong Kong.” ChatGPT first suggested “The Coin
Parade for Mooncake Day”, in which coins were used to buy mooncakes. P001 considered
this context less closely connected to children’s daily lives and prompted ChatGPT again
for “a more daily life scenario that involves recognizing coins and values of each coin in
Hong Kong”. She then selected a supermarket scenario, in which the main character used
coins to purchase requested items throughout the story.

P001 also explored alternative character designs during image generation, including
a boy and a girl, before selecting a bear as the main character because she considered it
more interesting. After selecting the supermarket setting and bear character, she refined
the mathematical task through a more detailed prompt, “Create a simple problem in which
the character needs to pay HK$18 but does not have eighteen $1 coins.” The final storybook
incorporated this selected scenario, with the bear using the specified coin combination to
make an HK$18 payment. In one page of the final storybook, the character explains, “I
do not have eighteen one-dollar coins. I can pay with four two-dollar coins and two five-
dollar coins instead.” The accompanying illustration displays the selected coins, enabling
children to connect the values of different coins with a total payment of HK$18. This ex-
ample illustrates the potential to expand options as PO01 used GenAl to explore multiple
possible ways of embedding coin-value recognition in the narrative before selecting and
refining one scenario for the final storybook.

4.5.4. Selection, Rejection, and Recombination

During curation, participants used affordances related to selection, rejection, and re-
combination (17 of 27 cases). They retained useful elements of Al-generated outputs while
rejecting or revising content that did not fit the intended learner level, mathematical objec-
tive, narrative coherence, or visual design.

For example, P004 explained in her presentation that ChatGPT initially generated an
engaging story about inviting animals to a birthday party. In the narrative, children were
expected to add up the prices of various items seen in a supermarket while preparing for
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the birthday party. However, she considered this task too challenging for young children
because it required them to perform addition using relatively abstract numerical informa-
tion. She therefore rejected the original mathematical activity and revised it to provide a
more concrete counting-based task. Asindicated in her final storybook, the revised activity
presented the animals’ faces and invited children to add by counting the visible animals.
This selective revision retained the original birthday-party narrative while modifying the
mathematical explanation to suit the intended learners.

4.5.5. Process Patterns in GenAl-Mediated Storybook Creation

The second objective of this study was to identify recurring process patterns in pre-
service teachers’ GenAl-mediated storybook creation across the four workflow stages of
planning, generation, curation, and integration. Whereas the preceding affordance analy-
sis identified specific tool-enabled action possibilities that participants utilized, this analy-
sis examined how participants combined and sequenced these practices across their over-
all design trajectories. Analysis of the 27 participant cases identified two recurring pro-
cess patterns. The first, constraint-guided planning-to-generation, involved establishing
pedagogical requirements before or early on in the generation and using them to guide
subsequent prompting, curation, and integration. The second, exploration-to-selection, in-
volved generating and comparing alternatives before deciding on a preferred pedagogical
and narrative direction through selection, recombination, and refinement. Table 3 presents
the operational definitions and case counts for each pattern.

Table 3. Design patterns in GenAl-mediated storybook creation.

Process Pattern

Operational Definition Case Count

Constraint-guided
planning—to—generation

Participants articulated explicit pedagogical and design
constraints before, or early in, GenAl prompting. These
constraints included the intended learner group,
mathematical objective, narrative structure, or visual
requirements, and were subsequently used to guide
prompting, curation, and integration decisions.

18 of 27 cases

Exploration-to-selection

Participants initially used GenAl to generate and compare
multiple possible story directions, characters, scripts,
settings, or visual options before settling on a more stable
pedagogical or narrative direction. Selection,
recombination, and refinement were used to develop a
final design from multiple alternatives.

9 of 27 cases

4.6. Pattern 1: Constraint-Guided Planning-to-Generation

In the constraint-guided planning-to-generation pattern (18 of 27 cases), participants
treated planning as a teacher-led goal-setting stage that established criteria for subsequent
Al generation. Presentations in these cases typically began with an explicit specification of
the intended learner group, mathematical objective, and narrative structure, often framed
as a beginning-to-end storyline or a page-by-page outline. These early decisions were then
translated into prompting constraints through steering and constraint-setting affordances
and used as reference points during later curation and integration.

For example, P002 explained in her presentation that she intended to design a story-
book for children aged four to five years to develop one-to-one correspondence. Before
generating the story, she specified the intended age group, the required 12-page structure,
simple language, and opportunities for children to count objects. Her ChatGPT prompt
stated, “Please give me a twelve-page story using twelve simple sentences with explicit
counting opportunities.” The completed storybook retained this planned structure by pre-
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senting animals in quantities that corresponded to the target numbers and inviting chil-
dren to count them. This alignment across the presentation, interaction record, and final
artefact illustrates how the participant’s initial pedagogical requirements structured later
design decisions.

In these cases, curation did not primarily function as a stage for exploring entirely new
directions. Instead, it involved checking whether generated text and images remained con-
sistent with the initial learning objective and intended learner level. In the same case, P002
initially received an engaging storyline that included the Chinese word for “owl” (5i5H/&),
which she considered too difficult for children aged four to five because the characters
contained many strokes. Rather than abandoning the planned storyline, she retained its
central narrative premise and used selection, rejection, and revision practices to modify
the language for the intended learners. She revised the prompt to request simpler animal
names in Chinese, “Please give me easier animal names in Chinese.” The final storybook
therefore preserved the original mathematical objective while modifying the language to
suit the intended learners.

During integration, PO02 assembled the selected text and visuals into a 12-page story-
book while maintaining the planned counting structure across pages. For example, each
page presented a designated number of animals and invited children to count them one
by one, linking the visual objects to the corresponding number. After replacing the more
complex animal name with a simpler alternative, PO02 also ensured that the language re-
mained accessible to children aged four to five throughout the storybook. The final artefact
therefore showed alignment between the initial one-to-one correspondence objective, the
simplified vocabulary, the quantities represented in the illustrations, and the counting ac-
tivities embedded across the pages.

4.7. Pattern 2: Exploration-to-Selection

In the exploration-to-selection pattern (9 of 27 cases), participants began using GenAl
to generate possibilities rather than committing to a detailed narrative plan at the outset.
They explored alternative story contexts, characters, settings, scripts, or visual styles; com-
pared these alternatives; and gradually selected a direction for further development. In
these cases, planning was not absent. Rather, it was often tentative, delayed, or carried out
alongside generation.

For example, P020 began without a fixed learning objective or narrative plan. She
first asked ChatGPT, “Please suggest some possible mathematics learning objectives for
children aged five to six years.” ChatGPT proposed several topics, including basic addition
and subtraction, comparing sizes and lengths, and positional concepts. P020 then asked
ChatGPT to suggest possible story plots for each theme, “Please suggest interesting stories
for each theme.” In her presentation, she explained that she evaluated these alternatives
and chose to compare lengths because she considered it the most interesting option.

As the selected concept did not yet specify which objects would be compared, P020
subsequently used Krea Al to explore alternative visual representations. The Krea Al in-
teraction record included generated images of pencils, crayons, and toy trains of different
lengths. In her presentation, she explained that she selected the objects that she considered
most visually appealing and most easily distinguishable for young children.

After selecting this visual direction, P020 developed a more specific story sequence
and mathematical task. Her subsequent ChatGPT prompts requested simple dialogue
using the terms “longer” and “shorter” as well as a storyline in which characters com-
pared pencils of different lengths. During curation, she rejected images in which the dif-
ferences in length were unclear or visually inconsistent and retained those that most clearly
supported the intended comparison. The final storybook therefore emerged through the
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progressive generation, comparison, selection, and refinement of alternatives, rather than
from a fully specified pedagogical and narrative plan at the outset.

4.8. Negotiating AIMS Tensions Across the Lifecycle

We next examined how participants” workflow patterns and uptake of GenAl tool af-
fordances surfaced tensions among the AIMS dimensions of technical innovation, ethical
accountability, and cultural impact. These tensions were not usually articulated by partici-
pants as abstract ethical concerns. Rather, they were identified when participants reported
or documented efforts to use GenAl efficiently, creating a need to check, revise, or justify
the suitability of generated content for a classroom-ready storybook. Such tensions were
most visible during curation and integration, when participants could evaluate the coher-
ence, mathematical accuracy, developmental appropriateness, and representational fit of
text and visuals for the completed artefact. Table 4 presents the operational definitions and
case counts for the three AIMS tensions identified across the storybook-creation lifecycle.

Table 4. AIMS tensions across the GenAl-mediated storybook-creation lifecycle.

AIMS Tension Operational Definition Case Count
Tension between using GenAl to accelerate drafting or
Efficiency and automation production and maintaining human responsibility for 19 of 27 cases
versus sustained oversight mathematical accuracy, developmental appropriateness,
and instructional clarity.
Tension between using GenAl to generate multiple
Creative variation versus creative alternatives and maintaining a coherent storyline,

coherence and pedagogical fit ~ developmental progression, and clear mathematical focus

15 of 27 cases

across the completed book.

Tension between accepting model-generated names,

Generic Outputs and Cultural  settings, examples, or visual representations and adapting

Defaulting versus Local
Contextual Fit

these elements to better reflect the intended local 8 of 27 cases
classroom context and avoid inappropriate or
stereotypical representation.

Note. Tensions were not mutually exclusive. Individual cases could demonstrate more than one tension across
different workflow stages.

4.9. Efficiency and Automation Versus Sustained Oversight

The tension between efficiency and sustained oversight was evident in 19 of the
27 cases. Participants frequently described GenAl as useful for generating story ideas,
scripts, and visuals efficiently. However, interaction records and completed storybooks
showed that rapid generation did not necessarily produce content that was immediately
suitable for young children. In some cases, participants retained generated content with
only minor modification. In others, they slowed the workflow and introduced additional
checking or revision after identifying a mismatch between the generated output and the
intended learning objective, learner level, or classroom context. Across these 19 cases, par-
ticipants described GenAl as improving efficiency while also recognizing that its outputs
required human checking and revision.

One common response involved using professional judgement to refine prompts after
an initial output revealed ambiguity or an inappropriate level of complexity. For example,
P021 initially used ChatGPT to develop a story for K1 children about recognizing shapes.
She then used Krea Al to generate images of the target shapes; however, the shapes were
displayed in different colors. To reduce unnecessary visual variation, she re-prompted
Krea Al, “Please give me one blue square, one blue triangle, and one blue rectangle.” In
her presentation, P021 explained that she wanted the shapes to be the same color so that
children could focus on shape as the only varying feature, rather than having to distinguish
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among colors. This episode illustrates how the efficiency of initial image generation was
followed by an accountability-oriented revision when the participant identified a potential
developmental mismatch in the instructional materials.

4.10. Creative Variation Versus Coherence and Pedagogical Fit

The tension between creative variation and pedagogical coherence was evident in 15
of the 27 cases. Participants often used GenAl to generate multiple story ideas, characters,
visual styles, or page-level activities to make their storybooks more engaging. However,
the interaction records and completed artefacts showed that variation could also create dif-
ficulties when elements from different outputs were combined. These difficulties included
uneven narrative pacing, inconsistent visual styles, and discontinuities in the progression
of the target mathematical concept.

For example, P013 developed a storybook on comparing quantities using the concepts
of “more”, “less”, and “equal” for children aged 4 to 5 years. During generation, she used
ChatGPT and Krea Al to explore alternative story contexts and visual representations of
quantity, including animals collecting food, children sharing toys, and baskets containing
different numbers of fruit. In her presentation, she explained that she selected the fruit-
basket scenario because she considered it more engaging and concrete for young children.
However, once she assembled the initial pages, she found that the generated scenes did
not consistently support the intended mathematical progression. In particular, one illus-
tration depicted several fruits that did not relate to the accompanying description, making
it unclear which basket contained more or fewer fruits.

This mismatch prompted further curation and integration. P013 retained the fruit-
basket context but revised the problematic pages to ensure that the quantities shown in the
illustrations corresponded to the accompanying text and comparison task. She also refined
her prompts to Krea Al to generate illustrations that more closely matched the dialogue
and intended quantities. These revisions enabled children to compare unequal sets of fruit
using terms such as “more” and “less” before encountering examples of equal quantities.
The final storybook, therefore, reflected a more coherent mathematical progression than
the initial set of generated materials.

This case illustrates that creative variation was not inherently problematic. Rather,
it increased the need for later evaluative work. GenAl enabled participants to explore
multiple engaging possibilities, but pedagogical fit depended on their ability to identify
inconsistencies, select appropriate elements, and restore coherence at the whole-book level.
In this sense, technical innovation shifted part of the accountability work downstream,
making the quality of the final instructional product contingent on careful curation and
integration rather than on generation alone.

4.11. Generic Outputs and Cultural Defaulting Versus Local Contextual Fit

The tension between generic Al-generated outputs and local contextual fit was evi-
dent in 8 of the 27 cases. Some participants retained Al-generated names, settings, and
visual styles with limited discussion of their cultural or contextual implications. In these
cases, model-generated defaults are included in the final artefact without being explicitly
evaluated for the intended classroom audience. Other participants revised names, settings,
examples, or visual details to make the storybook more locally familiar or contextually ap-
propriate for young children in Hong Kong.

Such considerations were most evident during curation and integration, when partic-
ipants could evaluate how textual and visual elements worked together for the completed
storybook. For example, P026 initially retained the Al-generated character name and vi-
sual setting during generation. However, while assembling the final storybook in Book
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Creator, she reconsidered the name “Anika”, judging it to be less familiar or suitable for
her intended Hong Kong kindergarten audience. She subsequently changed the charac-
ter’s name to “Siu Ming (/N#)”, and this revision was reflected in the final storybook. Im-
portantly, the example does not imply that the original name was inherently inappropriate.
Rather, it shows how P026 evaluated the name in relation to the particular audience she
imagined for the storybook. Overall, these cases indicate that considerations of cultural
impact were frequently reactive and triggered by visibility. GenAl-enabled production
made it easy to generate plausible names, settings, and images; however, local contextual
fit depended on participants’ willingness and capacity to notice, question, and revise those
defaults during later stages of the workflow.

5. Discussion

This study examined how 27 pre-service early childhood educators in Hong Kong de-
signed GenAl-mediated mathematics storybooks across four workflow stages: planning,
generation, curation, and integration. It investigated the GenAl-related tool affordances
that participants used, the process patterns applied to sequence these practices, and the ten-
sions among technical innovation, ethical accountability, and cultural impact interpreted
through the Al-mediated storytelling (AIMS) framework (Shahamat, 2023). The findings
showed that participants commonly used GenAl to steer generation through pedagogical
constraints, expand story and visual alternatives, and select, reject, or revise generated ma-
terials. These practices were organized into two recurring workflow patterns: constraint-
guided planning-to-generation, in which pedagogical requirements were established early
and used to guide later decisions, and exploration-to-selection, in which participants gener-
ated and compared alternatives before gradually stabilizing a preferred direction. Across
both patterns, tensions related to efficiency and oversight, creative variation and peda-
gogical coherence, and generic outputs and local contextual fit became particularly visible
during curation and integration.

5.1. Process Patterns and the Timing of Pedagogical Intent

Two recurring process patterns were identified. In the constraint-guided planning-
to-generation pattern, participants established pedagogical requirements before or early
on in storybook generation, including the intended learner group, mathematical objective,
narrative structure, language level, and page-level learning opportunities. These require-
ments subsequently guided prompting, selection, revision, and assembly. Planning, there-
fore, functioned as an early form of pedagogical governance. It provided participants with
criteria for evaluating whether generated outputs remained aligned with the storybook’s
intended mathematical and developmental purposes. This pattern is consistent with ac-
counts of digital storytelling as purposeful design work, in which creators coordinate nar-
rative, visual, and linguistic resources in relation to intended meanings and audiences (Pe-
tit, 2020). In a mathematics storybook context, however, such coordination also requires
attention to the progression of the target concept. A storybook may be visually attractive
and narratively engaging while remaining pedagogically weak if its illustrations, dialogue,
and activities do not accurately represent the mathematical idea or support an appropriate
learning sequence. Research on mathematics picture books similarly emphasizes that their
educational value depends on the relationship between mathematical content, representa-
tions, narrative integration, and the developmental suitability of the text and illustrations
(Marston, 2010; van den Heuvel-Panhuizen & Elia, 2012).
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By contrast, the exploration-to-selection pattern involved generating and comparing
possible learning objectives, story contexts, characters, visual representations, and narra-
tive directions before stabilizing a preferred approach. In these cases, planning was not
absent. Rather, planning was tentative, delayed, and occurred alongside generation. Par-
ticipants used GenAl to efficiently identify a broad range of possible directions before
evaluating these alternatives in relation to their emerging ideas about what might be en-
gaging, feasible, and appropriate for young children. This pattern aligns with human-AI
co-creation research that distinguishes between elaborating new possibilities and reflect-
ing on previously generated material (Lin et al., 2023). It also illustrates that GenAl can
support early pedagogical ideation, particularly when participants have not yet settled on
a specific mathematical focus, story context, or visual representation.

However, the two patterns involved different distributions of pedagogical risk.
Constraint-guided planning-to-generation is consistent with digital storytelling guidance
that emphasizes clarifying learning goals, audience, and narrative structure before pro-
duction so that these criteria can guide later development and evaluation (Robin & Mc-
Neil, 2012). This may be particularly important in mathematics storybook design, where
mathematical representations, illustrations, narrative events, and conceptual progression
need to work together coherently (van den Heuvel-Panhuizen & Elia, 2012). By contrast,
exploration-to-selection aligns with mixed-initiative co-creation research, using generated
alternatives to support elaboration and reflection (Lin et al., 2023). However, the findings
also show that this wider option space placed greater demands on later selection, recom-
bination, and repair. Participants needed to determine whether engaging narrative and
visual options also supported conceptual accuracy, developmental appropriateness, and a
coherent progression of mathematical ideas. Thus, the critical issue was not whether par-
ticipants began with constraints or exploration, but whether they could make pedagogical
intentions sufficiently explicit to guide and evaluate later decisions.

5.2. Tool Affordances, Pedagogical Judgement, and Professional Agency

The affordance findings further clarify how participants enacted these workflow pat-
terns. Steering and constraint-setting; option expansion and variation generation; and se-
lection, rejection, and recombination were frequently taken up across cases. This is con-
sistent with relational accounts of technological affordances, which emphasize that ac-
tion possibilities emerge through the relationship between a technology’s functions and
users’ purposes, knowledge, and situated goals (Nagy & Neff, 2015). It also relates to re-
cent human-AlI interaction research identifying prompting, selection, and manipulation
as common user-guided ways of directing generative systems (Luera et al., 2024; Tsiakas &
Murray-Rust, 2024). However, the present findings show that, in mathematics storybook
design, these actions were not merely technical operations. Participants used prompts to
translate instructional intentions into generation requirements, used alternative outputs to
explore possible narrative and visual representations, and used selection and revision to
judge whether generated materials fit the intended learner level and mathematical objec-
tive. Such judgement is especially consequential in early mathematics storybooks, where
the educational value of a book depends on the alignment among mathematical ideas, il-
lustrations, language, narrative context, and opportunities for children to engage with the
target concept (van den Heuvel-Panhuizen & Elia, 2012).

The findings, therefore, complicate a simple claim that GenAl either enhances or
diminishes professional agency. GenAl expanded the range and speed of available
design options, but it also shaped the set of alternatives from which participants se-
lected. This is consistent with ecological accounts of teacher agency, which conceptualize
agency not as an individual possession but as an achievement arising through the interac-
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tion of professional purposes, available resources, knowledge, and contextual conditions
(Priestley et al., 2026). In the present study, participants exercised pedagogical agency
most clearly when they articulated criteria, rejected unsuitable outputs, or revised gen-
erated materials in response to observed mismatches. When alternatives were retained
with limited evaluation, however, participants appeared to be working primarily as cura-
tors of model-produced content rather than as designers actively governing the learning
pathway. The findings therefore suggest that GenAl-supported design does not automat-
ically strengthen professional agency. Its contribution depends on whether pre-service
teachers can critically evaluate and reshape outputs based on independent pedagogical
criteria. This capacity is central to Al literacy, which includes evaluating Al-generated
content and making informed decisions about its use rather than simply operating Al tools
(OECD/European Commission, 2026).

5.3. AIMS Tensions as Bounded Ethical and Pedagogical Decisions

The AIMS analysis showed that tensions among technical innovation, ethical account-
ability, and cultural impact were generally enacted through concrete design decisions
rather than articulated as abstract ethical beliefs. Accountability and cultural consid-
erations became clear when generated material appeared unsuitable for inclusion in a
classroom-ready storybook. These findings can be situated cautiously alongside broader
principlist frameworks for responsible Al, which identify beneficence, non-maleficence,
autonomy, justice, and explicability as core ethical principles (Floridi et al., 2018). How-
ever, the evidence in the present study relates only to a narrower set of concerns. It pri-
marily reflects participants’ professional responsibility to avoid mathematically inaccurate,
developmentally unsuitable, visually unclear, or contextually inappropriate materials, to-
gether with limited attention to local contextual fit. The findings do not provide sufficient
evidence to draw conclusions about other responsible Al concerns, such as autonomy, jus-
tice, or fairness.

Within this bounded pedagogical scope, the first observed tension concerned the rela-
tionship between efficiency and sustained oversight. This tension was evident when partic-
ipants valued GenAlI for quickly generating stories, scripts, and images but later identified
problems in learner level, mathematical accuracy, visual clarity, or instructional suitability.
Participants responded by tightening prompts, regenerating content, or manually revis-
ing materials. This finding supports the need for wider research showing that pre-service
teachers may find GenAl useful for instructional planning while still requiring explicit sup-
port to evaluate the quality and correctness of generated outputs (Gurl et al., 2025; Karatas
& Yiice, 2024). In the present study, sustained oversight was not limited to checking for
generic factual errors. It involved evaluating whether materials supported the intended
purpose of mathematical learning. For instance, participants considered whether visual
sets corresponded to accompanying descriptions, whether wording was appropriate for
the intended age group, whether illustrations directed attention to the relevant mathemat-
ical feature, and whether the sequence of pages supported a coherent conceptual progres-
sion. Ethical accountability was also considered, referred to as pedagogical responsibil-
ity for the suitability of materials intended for young children. However, evaluating the
suitability of individual outputs did not necessarily ensure coherence once multiple gen-
erated elements were assembled into a complete storybook. This broader, whole-book
challenge was reflected by the second tension: creative variation versus coherence and
pedagogical fit.

The second tension was particularly evident when participants combined elements
from different generated alternatives. Variation expanded creative possibilities, but it
could also produce uneven visual styles, disrupted narrative pacing, or discontinuities in
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mathematical progression. The repair work required during later-stage integration demon-
strates that generated outputs cannot be evaluated in isolation. A page may be visually
appealing or mathematically plausible on its own while having a weak instructional tra-
jectory when combined with other pages in a complete storybook. This has specific impli-
cations for mathematics education. The mathematical quality of a storybook depends not
only on whether individual statements or quantities are correct, but also on whether the
story provides meaningful opportunities to engage with the target concept and whether its
illustrations, language, and narrative sequence support rather than obscure that concept
(Marston, 2010; van den Heuvel-Panhuizen & Elia, 2012). Participants” attention to quan-
tity matching, age-appropriate vocabulary, visual distinctions, and sequencing, therefore,
represented important forms of engaging in pedagogical content knowledge. At the same
time, the need for late-stage repair indicates that such knowledge was not always applied
as an explicit design criterion before generation began. Beyond whether the completed
storybook was mathematically and narratively coherent, participants also needed to con-
sider whether its names, settings, and representations were appropriate for the particular
children for whom it was intended. This concern was reflected in the third tension: generic
outputs versus local contextual fit.

The third tension, between generic outputs and local contextual fit, was less common
but analytically important. A small number of participants revised names, settings, exam-
ples, or visual details after recognizing they did not fit the imagined Hong Kong kinder-
garten audience. These findings suggest that contextual considerations were often trig-
gered by visibility and became more salient when participants viewed the completed text
and images as a unified storybook rather than as isolated outputs. Nevertheless, localiz-
ing a character name or setting should not automatically be equated with culturally re-
sponsive pedagogy. Culturally responsive teaching requires more sustained attention to
learners’ cultural knowledge, experiences, identities, and participation in meaning-making
(Gay, 2018). The present findings suggest that some participants noticed and addressed
contextual mismatches in final artefacts, whereas others retained generic outputs with lim-
ited discussion. Cultural impact was, therefore, rarely established as an explicit require-
ment during the planning or generation stages. This suggests the need for teacher educa-
tion to help move students beyond reactive localization towards more careful considera-
tion of audience, representation, and local relevance.

5.4. Implications for Teacher Education and Scalable Implementation

The findings have several implications for teacher education. First, teacher educa-
tion should support both constraint-guided and exploration-based workflows, rather than
privileging one pattern unconditionally. This recommendation is consistent with mixed-
initiative co-creation research, which distinguishes between elaborating on new possibili-
ties and reflecting on previously generated material, suggesting that effective human—-AlI
collaboration may involve movement between these modes (Lin et al., 2023). Constraint-
guided planning may be appropriate when the learner group, mathematical objective, and
instructional sequence are already clearly defined. Exploration-to-selection may be useful
when pre-service teachers are developing story contexts, characters, or visual representa-
tions. However, exploration-first workflows require explicit convergence points, including
structured review of mathematical accuracy, developmental appropriateness, language
complexity, text-image alignment, conceptual sequencing, narrative coherence, and local
contextual fit. These review criteria are particularly important for mathematics picture
books, as their instructional value depends on the alignment of mathematical content, il-
lustrations, narrative structure, and opportunities for children to engage with the target
concept (van den Heuvel-Panhuizen & Elia, 2012). They also align with human-Al inter-
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action guidance that emphasizes users’ ability to correct, refine, and remain appropriately
informed about system outputs throughout an interaction, rather than treating Al output
as the final product (Amershi et al., 2019).

Second, the findings suggest that Al literacy should be integrated with digital literacy
and subject-specific pedagogical content knowledge, rather than taught as a stand-alone
set of technical skills. Students need practical competence in using text-generation, image-
generation, and digital-authoring tools; however, technical fluency alone is insufficient for
effective educational design. Consistent with the TPACK framework, meaningful tech-
nology integration depends on the coordinated application of technological, pedagogical,
and content knowledge (Koehler & Mishra, 2009). In the present context, this includes
evaluating whether Al-generated text, images, and story activities accurately represent
mathematical ideas, direct children’s attention to the intended feature, and remain de-
velopmentally appropriate. This emphasis also aligns with Al literacy frameworks that
foreground critical evaluation of Al outputs and informed decision-making about their
use (OECD/European Commission, 2026). Similarly, recent research with pre-service sec-
ondary mathematics teachers found that participants benefited from reflective engagement
with ChatGPT but were sometimes less accurate in recognizing problematic mathematical
output, suggesting a need for explicit frameworks to critically examine Al-generated math-
ematics materials (Gurl et al., 2025). Teacher education should therefore integrate opportu-
nities for pre-service teachers to use, evaluate, revise, and justify GenAl-generated content
in relation to specific subject matter and learner needs, rather than treating prompt con-
struction or tool operation as sufficient evidence of Al competence.

At a larger scale, these insights could be incorporated into teacher-education mod-
ules through reusable design and formative-assessment routines rather than intensive in-
dividual supervision alone. Research on formative rubrics suggests that making qual-
ity criteria explicit can support learners’ self-regulation and reflection, particularly when
rubrics are used to guide revision rather than assign marks (Panadero & Jonsson, 2013).
Peer assessment may also provide a scalable means of expanding feedback opportunities
while engaging students in evaluating the quality of alternative designs (Double et al.,
2020). In this context, programmes could use common task briefs, staged design tem-
plates, prompt-and-revision logs, mathematics-storybook evaluation rubrics, calibrated
peer-feedback protocols, and sample-based instructor audits. Such structures could make
GenAl-mediated design tasks more manageable in larger cohorts while preserving atten-
tion to pedagogical reasoning.

5.5. Limitations and Future Research

Several limitations should inform the interpretation of the findings. First, the study in-
volved a small and demographically homogeneous sample of 27 female pre-service early
childhood educators from a single university in Hong Kong. Although this context en-
abled an in-depth exploratory analysis of detailed, multimodal design trajectories, it lim-
its the transferability of the findings. The observed patterns should not be interpreted
as estimates of how frequently similar practices occur among pre-service teachers more
broadly, nor as evidence that the same patterns necessarily emerge in other cultural, dis-
ciplinary, institutional, or gender-diverse settings. The findings may nevertheless offer
analytically useful insights for contexts in which teacher candidates design Al-supported
materials for young children. Future research should involve multiple institutions; more
culturally, linguistically, and gender-diverse cohorts; in-service teachers; and teacher can-
didates working across different subject areas and educational systems. In addition, this
study examined the design process and quality of completed storybooks rather than their
implementation with children. Therefore, it cannot be established whether the final arte-
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facts improved children’s mathematical understanding, engagement, language develop-
ment, or sense of contextual relevance. Future classroom-based research could examine
how children, teachers, and parents respond to GenAl-mediated mathematics storybooks
and whether the process patterns identified here are associated with differences in instruc-
tional quality, classroom enactment, or student learning outcomes.

6. Conclusions

The GenAl-mediated creation of mathematics storybooks should not be understood
simply as an accelerated form of text or image production. Rather, it is a pedagogical de-
sign process in which pre-service teachers must determine when to articulate instructional
constraints, when to use generated alternatives to explore certain topics further, and how
to evaluate, recombine, and revise outputs in relation to children’s learning needs. The
findings show that GenAl expanded the narrative range and visual possibilities available
but did not resolve the professional work required to ensure mathematical accuracy, devel-
opmental appropriateness, conceptual coherence, and local contextual fit. Instead, it recon-
figured pedagogical agency by making curation and integration consequences of decision-
making. Whether GenAl-supported storybooks become meaningful educational resources
therefore depends not primarily on the fluency of generated content, but on teachers’ ca-
pacity to apply their independent pedagogical judgement throughout the design lifecycle.
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