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Today, schools face the dual challenge of integrating a great
variety of textual and linguistic practices while ensuring inclu-
sive participation for all learners. Digital storytelling has
emerged as a promising approach for enabling students with
different abilities and backgrounds to explore academic content
through their own voices (Wu & Chen, 2020). This paper pre-
sents findings from a design-based research project (McKenney
& Reeves, 2018) conducted across primary schools in lItaly,
Germany, and Portugal, which leveraged digital storytelling to
promote inclusive practices around narrative thinking (Bruner,
1991; Herman, 2003). The research addresses two critical ques-
tions: how to extract transferable design principles from con-
text-specific inclusive practices, and what conditions enable
peer support and collaboration in diverse learning settings.
From this inquiry emerged the concept of Varied-Level Anchors
for Participation (VAPs), a design framework that creates multi-
ple entry points into learning activities, enabling learners with
different abilities, languages, and ages to contribute meaning-
fully. Through interaction analysis of 41 recorded sessions and
additional qualitative data analysis, the study identifies specific
design features that facilitate inclusive engagement. VAPs help



identify design principles and reconceptualize participation not
as individual access but as interdependent contribution, where
different abilities become essential to collective outcomes. The
study advances the field of inclusive education by offering con-
crete strategies for designing learning environments where
differences enhance rather than hinder collaboration, and by
illustrating how DBR can bridge theory and practice through
participatory innovation.
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In a primary school classroom in Europe, a six-year-old who cannot
yet read sits beside an eleven-year-old crafting complex narratives.
Together with their peers, they navigate a digital storytelling tool,
seamlessly switching between German and Italian, supporting each
other across age, ability, and language differences. This scene exem-
plifies what Papert (1980) envisioned when he imagined computers
as "objects to think with". Yet achieving such inclusive collaboration
requires understanding specific conditions that make this engage-
ment possible, conditions that often escape scientific observation or
the plans of curriculum designers and edtech developers. Educational
technology frequently privileges those already advantaged while
further marginalizing vulnerable learners (Reich, 2020; Selwyn, 2023).
This paradox demands urgent attention: How can digital learning
environments be designed to genuinely include rather than exclude?

Although Design-Based Research (DBR) explicitly addresses the theo-
ry-practice divide through iterative, collaborative innovation process-
es (McKenney & Reeves, 2018), its application to inclusive education,
a field particularly challenged by implementation gaps, remains lim-
ited. Recent scholarship has begun to advocate for greater applica-
tion of DBR approaches to inclusive education challenges (Schroeder
& Reh, 2023). This gap is particularly striking given the natural align-
ment between DBR’s participatory principles and inclusion’s collabo-
rative ethos, as both emphasize the involvement of all learners and
stakeholders, iterative improvement, and context-responsive solu-
tions (Anderson & Shattuck, 2012; Booth & Ainscow, 2017).

Meanwhile, teachers and schools struggle to translate inclusive edu-
cation theories into practice across their varied contexts. Frameworks
like Universal Design for Learning (UDL) offer principles for accessible
curriculum design (CAST, 2024), while Communities of Practice em-
phasize collaborative knowledge construction (Lave & Wenger, 1991;
Wenger-Trayner et al., 2023). Additionally, concepts like scaffolding
(Wood et al., 1976), rooted in Vygotsky’s Zone of Proximal Develop-
ment, have long guided the practice of tutoring through gradually
increasing difficulty. However, translating these theoretical insights
into practical, scalable innovations remains challenging. The Index for
Inclusion (Booth & Ainscow, 2017) provides assessment tools, yet the
journey from evaluation to transformation requires contextualized
design work, precisely what DBR offers.



Digital storytelling represents a particularly promising avenue for this
work, drawing on Bruner’s recognition that narrative serves as a ve-
hicle for collaborative meaning-making in educational settings, allow-
ing learners to share and negotiate diverse perspectives (Bruner,
2004), as it naturally integrates multiple inclusive education princi-
ples while providing a concrete design context for the DBR method-
ology (Smeda et al., 2014).

The challenge of moving from specific inclusive adaptations to trans-
ferable design principles has been a persistent issue in inclusive edu-
cation research, where solutions often remain tied to particular con-
texts and established traditions (Haug, 2017). This represents both a
methodological and a practical opportunity for DBR approaches. This
study positions the development of a digital storytelling environment
as a vehicle for systemic change that can reveal transferable princi-
ples for inclusive innovation. This article addresses this theory-
practice gap through two research questions:

e RQ1: How can researchers move from context-specific inclu-
sive learning practices to transferable design principles when
conducting DBR with diverse learners?

e RQ2: What conditions and design features promote peer
support and collaborative learning in inclusive digital envi-
ronments?

To address these questions, this study develops the concept of Var-
ied-Level Anchors for Participation (VAPs). This framework enables
researchers and practitioners to systematically move from context-
specific adaptations to application of design principles for inclusive
learning environments. The analysis draws on a three-year design-
based research project that developed a digital storytelling tool with
learners across Italy, Germany and Portugal, where children aged 6-
13 served as co-designers throughout iterative development cycles,
as well as subsequent classroom implementations.

This article makes two key contributions to the emerging field of de-
sign-based inclusion research. First, it addresses the methodological
challenge of how participatory DBR can turn context-specific inclusive
practices into transferable design principles. Second, it identifies and
validates specific design principles for inclusive digital environments
that promote peer support and collaborative learning with the exam-
ple of digital storytelling, demonstrating how diversity in abilities,
languages, and ages can enhance rather than hinder collective out-
comes.

Digital learning environments encompass technology-mediated spac-
es where learners interact with content, peers, and teachers through
digital tools. These environments extend beyond software to include
the social practices, pedagogical approaches, and collaborative dy-
namics they enable (Amiel & Reeves, 2008). Designing such environ-
ments inclusively requires attention to the intersection of design



methodology, inclusive pedagogy, and digital practice. In this context,
cooperative design processes play a central role in shaping educa-
tional arrangements, understood as assemblages of tools, activities,
social relations, and pedagogical structures that constitute learning
environments.

As initially noted, DBR can be conceived of as an innovation strategy
for inclusive education (Schroeder & Reh, 2023), recognizing its po-
tential to generate context-sensitive solutions through iterative re-
finement. However, few empirical studies demonstrate how DBR’s
cycles can actively involve diverse learners as co-designers rather
than merely as end users or research subjects.

Norwich’s "fox perspective" on inclusive education provides crucial
theoretical grounding for addressing tensions through ongoing nego-
tiation rather than seeking unitary solutions (Norwich, 2023). His
approach recognizes "dilemmas of difference"”, which describe ten-
sions between enabling individual learners through differentiation
and avoiding stigmatization through commonality. Rather than view-
ing inclusion as fixed, he conceptualizes it as continuous negotiation
of plural values that can conflict. This processual understanding aligns
with DBR’s iterative approach, where each design cycle renegotiates
competing demands, such as individual needs versus collective par-
ticipation, specialized support versus mainstream inclusion. This sets
us up for systematically designing dynamic learning environments
that acknowledge inevitable trade-offs.

The Index for Inclusion (Booth & Ainscow, 2017) provides a compre-
hensive framework for school development through inclusive values,
guiding institutions in building cultures, policies, and practices that
increase participation and reduce barriers for all learners. While the
Index offers rich insights into what makes environments inclusive,
translating these insights into concrete design decisions remains chal-
lenging. This research explores how the Index’s dimensions might
inform inclusive design in digital learning environments. Rather than
using the Index retrospectively to evaluate existing practices, this
study examines how its principles can inform design decisions, shift-
ing the focus from identifying barriers after they emerge to consider-
ing multiple ways learners might engage and support each other.

While Design-Based Research provides the methodology for iterative
innovation, cooperative inquiry offers specific techniques for partner-
ing with children as co-designers (Druin, 1999). However, applying
these methods in school contexts where learners vary significantly in
abilities and communication styles requires additional measures to
bridge participatory ideals with the practical demands of supporting
diverse learners.

This study addresses this gap by developing what | term "Varied-Level
Anchors for Participation" (VAP) - a framework that enables children
with diverse abilities to contribute meaningfully to digitally enhanced
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learning environments. The concept of VAP aims for participation on
multiple levels, offering multiple entry points and contribution
modes.

Bruner (1991, 2004) argues that humans naturally organize their
experiences and memories through narrative structures, with stories
serving as both a conventional cultural form and a universal cognitive
tool. This narrative thinking extends across diverse contexts, from
interpreting literature and engaging in conversation to making sense
of news, demonstrating stories’ power as a basic mechanism for
human understanding (Herman, 2003). This cognitive universality
makes storytelling naturally inclusive, as all children, regardless of
ability or background, engage with stories as a way of understanding
their world.

In the book "Grammatica della fantasia" ("grammar of fantasy"),
Rodari (1973) outlines how narrative creation can be made accessible
to all children through playful linguistic techniques like the "binomio
fantastico" (combining unrelated elements) and "ipotesi fantastiche"
(hypothetical questions). These techniques show that storytelling,
whether traditional or digital, can be approached through structured
yet imaginative methods that lower barriers to creative expression.

Wu and Chen’s (2020) systematic review of 57 educational digital
storytelling studies reveals significant untapped potential in the field.
While most implementations use an appropriative orientation where
students create stories to understand predetermined concepts, the
authors advocate for expanding toward more sophisticated
approaches: agentive orientations that give students autonomy over
their learning choices, reflexive orientations that focus on identity
formation and self-exploration, and particularly reconstructive
orientations that engage students in critically examining and
challenging established concepts or stereotypes. This shift from
content delivery to student agency, identity development, and critical
engagement could better support inclusive education by allowing
diverse learners to engage with the curriculum through their own
experiences and perspectives. Smeda et al. (2014) also identify digital
storytelling as especially effective for fostering collaboration among
students with diverse abilities.

The Agentic Personalization Framework, grounded in previous
empirical work by Kucirkova (2019), reveals how open-ended digital
storytelling supports children’s agency through multi-level
participation. When digital storytelling apps are designed with open-
ended features rather than predefined templates, they enable
increased peer collaboration, as children negotiate content choices
through multiple modes of expression. Such designs allow younger
children to engage through basic functions while complex tasks
naturally invite support from peers or adults. This scaffolded
functionality demonstrates how digital storytelling tools can create
multiple entry points for participation, transforming differences in



age and ability into opportunities for both collaborative engagement
and individual agency.

The frameworks mentioned above converge in viewing diversity as a
resource rather than a deficit, which Varied-Level Anchors for
Participation (VAPs) operationalize through specific design features.
The concept of VAPs synthesizes key insights from educational theory
and inclusive pedagogy to create a practical framework for inclusive
design. The purpose of VAPs is to transform activities so that diverse
abilities become complementary resources for collective learning.

This transformation begins by extending Universal Design for
Learning principles into concrete design features. While UDL provides
flexible pathways tailored to individual needs (CAST, 2024), VAPs go
further by integrating these paths into shared activities where
learners rely on each other’s differing strengths. For instance, a single
storytelling activity could engage children regardless of their
preferred learning modality, whether they learn best through visual,
auditory, or hands-on manipulation, by creating interdependent roles
where diverse skills become necessary for collective success.

Central to this approach is how VAPs help reimagine participation
itself. Drawing on Lave and Wenger's concept of legitimate
peripheral participation (Lave & Wenger, 1991), VAPs create
multiple, simultaneous peripheries; that is, various valid starting
points and trajectories within the same activity. Rather than a single
path from novice to expert, inclusive digital learning environments
offer various entry points that constitute valid forms of participation.
In the case of digital storytelling, a child who cannot yet write but
guides narrative through image selection participates as fully as one
who types text. This variety ensures every learner finds their
"anchor" for meaningful contribution. Moreover, these diverse entry
points can generate patterns of mutual support that work in the
opposite direction: for example, when younger children’s visual
choices and creative interpretations guide older children’s narratives.

Underpinning this participatory framework is a fundamental
reconceptualization of communication modes. Building on Kress’s
recognition that communication is inherently multimodal (Kress,
2010), VAPs reframe multiple modes not as enrichment but as
essential accessibility infrastructure. When children can anchor their
participation through images, sounds, gestures, or words
interchangeably, traditional literacy barriers dissolve. This shift
fundamentally changes how we design learning environments; from
privileging text to creating genuinely multimodal activities where
each mode carries equal value.

Taken together, Varied-Level Anchors for Participation represent
design features that enable meaningful participation through
learners’ strongest modalities, create interdependence where
different abilities complement each other, and generate peer support



organically through the structure of activities. Through the
application of VAPs, attention shifts from adapting existing activities
for diverse learners to designing activities that require diversity to
function. The following sections demonstrate how this theoretical
concept can be applied to concrete design decisions and classroom
practices.

This study employed Design-Based Research (DBR) to develop and
evaluate inclusive digital storytelling environments through
participatory design with children. Following McKenney and Reeves’
generic model (McKenney & Reeves, 2018), the research progressed
through iterative cycles of analysis, design, and evaluation, with each
phase informing subsequent iterations. DBR is characterized by
seeking both theoretical understanding and practical solutions. While
the development of the digital storytelling web application was
completed between 2020 and 2022, the subsequent research phase
of this study focused on testing and evaluating design principles
across various contexts, with inclusive education as a central lens.
This methodological approach aligns with inclusive education’s
processual nature, enabling continuous refinement based on diverse
stakeholder input. Specifically, this article presents a re-analysis of
data collected during the entire DBR process, with specific focus on
inclusive participation patterns and their implications for design
principles.

Rigor was ensured by following Plomp’s quality criteria for DBR
(Plomp, 2013). Relevance was ensured by addressing authentic
classroom needs identified by teachers alongside the demand for
inclusive digital learning environments. Consistency was reflected in
the systematic development of design principles grounded in theory.
The successful implementation of the intervention across varied
educational settings, from Montessori environments to public school
classrooms, serves as an indication for the quality criteria of
practicality, while effectiveness emerged through peer support and
collaborative storytelling practices that appeared to benefit
classroom learning. Finally, triangulation of children’s artifacts,
teacher interviews, and video observations supported the
formulation of design principles through the conceptualization of the
VAP framework.

The research unfolded through iterative DBR cycles spanning four
years (2020-2024). Initial tool development began in 2020, yielding a
functional prototype that underwent extensive testing with children
as co-designers throughout 2021-2022. During this phase, 41 video-
recorded collaborative storytelling sessions were conducted, docu-
menting children’s interactions with evolving prototypes. These co-
operative inquiry sessions proved transformative for the design, as
children’s direct feedback revealed critical accessibility barriers, in-
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cluding small text labels and unintuitive navigation. In response to
these insights, the second iteration incorporated specific accessibility
features such as text-to-speech functionality and multilingual inter-
face options, directly addressing the diverse communication needs
identified during testing. The refined tool was published as an open-
source web app, after which it entered practical use as a network of
teachers across Europe integrated it into their regular classroom
practice. This adoption phase provided validity for understanding
inclusive participation patterns beyond researcher-facilitated ses-
sions. The current study represents a secondary, retrospective analy-
sis, systematically examining the collected data through the theoreti-
cal lens of inclusive design principles to extract transferable insights
about how digital environments can support diverse learners’ collab-
orative storytelling.

The initial design phase engaged 37 children, aged 6-13, from a Ger-
man-speaking school in South Tyrol. This bilingual context, where
children navigate between German and Italian daily, provided a natu-
ral setting for exploring multilingual digital storytelling. Participants
represented mixed age groups, ranging in age by seven years, and
varying prior experiences with digital tools. In this Montessori school
setting, participation was voluntary, with children choosing whether
to engage in design sessions, reflecting the institution’s pedagogical
philosophy of child-led learning. Following initial development, ex-
tensive experimentation occurred in Portugal with two complete
classes (n=45), testing the tool’s transferability to different educa-
tional contexts. During the subsequent naturalistic adoption phase,
teachers from various settings integrated the storytelling environ-
ment into their regular practice with ongoing consultation.

The data corpus for this secondary analysis comprised 41 video-
recorded sessions from the design and testing phases capturing col-
laborative storytelling interactions, semi-structured interviews with
five teachers, exploring their pedagogical integration of the tool, and
digital story artifacts produced during the sessions. These multiple
data sources enabled triangulation of participation patterns across
different educational contexts, languages, and pedagogical ap-
proaches.

The development followed an iterative, participatory design process,
grounded in both theoretical frameworks and children’s direct input.
The initial design principles emerged from synthesizing literature on
digital storytelling, inclusive education, and child-computer interac-
tion. Five core objectives guided the development: (1) multimodal
expression supporting diverse communication preferences, (2) scaf-
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folding creative freedom, (3) collaborative learning, (4) cultural re-
sponsiveness through customizable content, and (5) critical engage-
ment encouraging children to interrogate technology design itself.
The tool’s conceptual foundation drew from Rodari’s "binomio fan-
tastico" (Rodari, 1973), a creative writing technique combining dis-
parate elements to spark imagination. This approach shaped the sto-
rytelling tool’s core mechanism: presenting children with diverse
story elements from different categories to combine into narratives.
However, unlike Rodari’s random word pairs, the storytelling tool
enables children to actively shape their narrative resources by con-
tributing their own drawn elements, thus transforming it from a
closed system into an open, evolving narrative environment.

Technical implementation prioritised accessibility and adaptability
through iterative refinement with children as co-designers. Early pro-
totype testing with children revealed critical barriers: small text labels
challenged emerging readers, mouse-click sensitivity frustrated
younger users, and a cluttered layout confused some participants.
Children’s direct feedback led to enlarged high-contrast labels, en-
larged touch/click areas, and clearer visual separation, while main-
taining aesthetic appeal. The interface evolved to present story ele-
ments through an interactive sequence: children click on a magic hat,
which reveals three text labels from different categories, following
Rodari’s principle of combining disparate elements. After selecting
one label, it transforms into a visual representation of that story ele-
ment, and a new magic hat appears to the right. This process contin-
ues until eight images form a complete storyboard. The constraint of
showing three options at a time emerged through iterative testing to
reduce cognitive load while maintaining creative possibilities.

The participatory process continually shaped technical decisions.
When multilingual children began creating story elements labeled in
multiple languages, the system was adapted to support multilingual
labels rather than enforcing monolingual conventions. This respon-
siveness to emergent use patterns exemplified how children’s inno-
vations drove the design process.

Built as a web-based application using open-source technologies, the
tool runs on standard school computers without special software
installation, reflecting commitment to inclusive access beyond the
immediate research context.

Technology choices embodied broader methodological commit-
ments. The export function produces standard PDFs, ensuring that
stories can be shared regardless of families’ technology access.
Avoiding proprietary formats or cloud dependencies respects data
privacy and enables offline installation, crucial for schools with lim-
ited connectivity. The decision to build the storytelling app as an
open-source web-based application ensures research benefits remain
accessible to all participating communities and enables other educa-
tors to adapt the tool for their contexts.



Through this iterative development process, the storytelling tool
served as both a research context and a proof-of-concept for Varied-
Level Anchors for Participation. Its specific features revealed general-
izable principles applicable to other inclusive digital environments,
demonstrating how participatory design with diverse learners can
inform broader theoretical development.

Central to the methodology was an adapted version of the coopera-
tive inquiry approach developed by Druin (1999), modified to ac-
commodate naturalistic school settings and workshop structures
integrated into regular classroom activities. In the initial design
phase, work proceeded with voluntary participation in mixed-age
groups within multilingual settings. For the implementation studies,
multimodal data collection methods were employed. Visual methods
included children’s drawings of proposed story elements to include in
the digital storytelling environment. Verbal data encompassed think-
aloud protocols and recorded group discussions. Textual outputs
consisted of story transcripts, written narratives, and systematic ob-
servational data captured through field notes. Contextual inquiry
(Druin, 1999) guided observation protocols, focusing on how children
navigated the tool in naturalistic classroom settings. Digital data logs
tracked usage patterns and made it possible to retrace collaboration
dynamics. Video recording procedures for the 41 sessions followed
established guidelines for interaction analysis (Jordan & Henderson,
1995), with laptop cameras positioned to capture both screen activity
and participant interactions. Using the inbuilt webcam was prioritized
to provide consistent coverage while minimizing intrusion. Ethical
protocols included parental consent with clear withdrawal options at
any point without consequence as well as complete anonymization of
all data using pseudonyms.

The primary analytical approach followed interaction analysis princi-
ples (Jordan & Henderson, 1995). Video recordings of 41 collabora-
tive storytelling sessions were subjected to repeated viewing, with
initial content logs documenting events indexed by time stamps. Fol-
lowing interaction analysis’s commitment to grounded observation,
analytical foci were not predetermined but emerged through itera-
tive engagement with the recordings. These included examining
event structures (particularly transitions between story segments),
the temporal organization of activities, turn-taking patterns across
verbal and physical actions, shifting participation frameworks, trou-
ble and repair sequences, spatial arrangements around the digital
tool, and artifact manipulation patterns. Through multiple viewings,
recurring phenomena were identified, leading to the development of



collection segments where similar participation patterns could be
compared. The VAP framework emerged from this systematic obser-
vation of naturally occurring interaction patterns, as repeated view-
ing revealed how children with diverse abilities spontaneously dis-
tributed tasks in ways that are described in the results. Not all ses-
sions demonstrated successful collaborative patterns, even when
VAPs appeared present. These failures fell into two categories: tech-
nical infrastructure problems (e.g. an unresponsive mouse) and miss-
ing prerequisite competencies (e.g. story elements in a foreign lan-
guage). These negative cases helped identify the minimum conditions
necessary for VAP functionality, rather than undermining the frame-
work.

To triangulate and extend these observational findings, a qualitative
content analysis (Kuckartz, 2019) was applied to complementary data
sources: semi-structured interviews with participating teachers (n=5)
and the digital story artifacts produced during sessions. Following
Kuckartz’s (2019) systematic approach, the main categories corre-
sponding to the participation anchors identified through video analy-
sis were used as an initial coding frame. Interview transcripts were
coded for teachers’ descriptions of student collaboration patterns,
while story outputs were analyzed for evidence of distributed au-
thorship. This analysis confirmed the participation patterns observed
in videos, as teachers independently described collaborative behav-
iors that aligned with the emerging VAP categories. Additionally, QCA
revealed how these patterns manifested in the final products: stories
created through distributed participation showed more complex nar-
rative structures than those created individually. The convergence of
observational data, participant perspectives, and artifact analysis
strengthened the confidence that these participation patterns could
be understood through the concept of varied-level anchors for partic-
ipation.

While space limitations preclude discussing all documented sessions,
the following vignette exemplifies typical interaction patterns ob-
served on many occasions. This description of a storytelling session
conducted in a mixed-age classroom illustrates how children with
diverse abilities, spanning ages 7-13 with varying literacy levels, col-
laboratively created a narrative through complementary forms of
participation:

Oscar (7 years old), the smallest one, controlled the mouse
while the older participants Nina and Karl (both 12-13) sat
beside him. Linda (8), who had reading difficulties, watched
from nearby. Nina studied their story sequence - dragon, ca-
tastrophe, book, digital footprint - and began narrating how

10



the dragon read about an approaching catastrophe. When se-
lection options appeared, Linda suggested an old cat but
struggled to read the label due to overlapping labels (a tech-
nical bug). Karl noticed her confusion and directed Oscar to
hover the mouse over the text until Linda could see the label
"cat in boots" clearly. [...] Nina proposed that the grand-
mother could use the magic pen to stop the catastrophe. Karl
affirmed this made sense, Linda nodded approvingly, and Os-
car clicked to add it. They continued building collaboratively,
alternating who would start a sentence based on a selected
story element and who would complete it, with Oscar select-
ing the elements agreed upon. Karl sat back, anticipating
what might appear next ("l hope the feast picture appears")
while commenting on the tool’s patterns. When Oscar’s left-
handed mouse grip caused difficulties, a selected image dis-
appeared, but the group filled the narrative gap with another
improvised story element. The session peaked when Linda’s
hand-drawn tree-horse appeared on screen. She called out
excitedly while Nina and Oscar laughed at the fantastical
creature, recognizing their peer’s creation now integrated in-
to the storytelling environment and in their collective narra-
tive.

This single episode demonstrates several forms of participation oper-
ating simultaneously: Oscar’s interface control despite being the
youngest, Karl’s peer support for Linda’s reading challenges, Nina’s
narrative construction, and Linda’s visual recognition of peer-created
elements. Each child contributed through different channels while
supporting others’ participation. A systematic analysis of all docu-
mented sessions revealed several distinct participatory anchors that
enabled such inclusive collaboration. Table 1 synthesizes patterns
observed across all sessions.

Table 1: VAP Specification Matrix: participatory anchors and their
design characteristics in collaborative digital storytelling

Participation
Anchor

Design Characteristic

Prerequisite Skills

Form of Contribution

Interface navigation

Click-triggered motion of
magic hat

Mouse control, visual
recognition of interface
elements

Navigate tool interface, click
story elements chosen by

group

Collaborative
decision-making

Algorithmic pre-selection
of three options

Ability to follow group
interaction, basic
communication (verbal or
non-verbal)

Express
agreement/disagreement,
maintain activity flow

Visual decoding

Labels replaced by
pictures after selection,

Visual perception, ability to
associate images with
meanings and communicate

Decode images, express
emotional responses
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enabling modal shift

them

(surprise, delight)

Oral story
construction

Open narrative structure
with given pool of story
elements

Verbal fluency in at least
one language, narrative
imagination

Create narrative additions,
propose story
developments

Critical narrative
mapping

Visual storyboard
displaying all selected
story elements

Working memory, ability to
track narrative sequence

Question story logic,
reorder elements, identify
narrative gaps and signal
them

Linguistic mediation

Option to include labels in
multiple languages

Functional competence in
two or more languages or
modes

Translate between
languages, bridge
communication, read out
loud

Tool assistance

Simple, predictable
interface patterns

Knowledge about the
interface, procedural
memory

Guide others through
interface, share procedural
knowledge

Each participatory anchor emerged from specific design characteris-
tics built into the tool. The magic hat metaphor, the three-option
limit, and the visual storyboard were deliberate features that enabled
different forms of participation. By distributing technical and cogni-
tive demands across different skill sets and roles, from mouse control

to narrative imagination, these design elements and activity struc-
tures ensured that children could contribute through their existing
abilities while receiving support in areas where they needed it. These
anchors functioned as entry points rather than fixed roles, with the
material environment supporting fluid transitions between them. For

instance, the mouse often served as a "talking stick," granting narra-
tive authority to whoever held it while ensuring eventual handoff to

others.

In mixed-age classrooms, children who could not yet read fluently
(aged 6-7) participated fully alongside fluent readers (aged 10-13).
These emerging readers successfully handled interface navigation
while peers provided linguistic mediation through reading labels

aloud, demonstrating how technical operation could be decoupled
from literacy requirements. The intervention facilitated creativity
through modal shifts—from label to image to oral narrative to writ-

ten text. Children engaged in visual decoding by reinterpreting imag-
es ("This isn’t just a pen - it's a magic pen"), while those strong in

critical narrative mapping would signal when story elements didn’t
align with the emerging narrative. In one session, a student discov-
ered that by repeatedly clicking through the selection algorithm’s
three-option limit, they could systematically view all available story
elements rather than just the randomized selections, demonstrating
how interface knowledge provided unexpected narrative possibilities.
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The linguistic mediation anchor proved particularly vital in multilin-
gual contexts, where children not only translated between German,
Italian, and English but also read story elements aloud for emerging
readers. This created cascading support where a single child’s bilin-
gual competence enabled participation for multiple group members.
Importantly, these participatory anchors were non-hierarchical. Chil-
dren excelling in visual decoding might require support for interface
navigation, while those demonstrating strong collaborative decision-
making might seek help with oral story construction. This comple-
mentarity meant that diverse abilities became resources for collec-
tive storytelling.

The participatory anchors identified in Table 1 did not function in
isolation, but rather formed an interdependent network where each
anchor enabled others. This functional alignment created multiple
legitimate pathways into the storytelling activity. The anchors exhib-
ited cascading relationships, where one form of participation natural-
ly led to others, as displayed in the interdependency wheel (Figure 1).
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Figure 1: Interdependency Wheel - with relations of mutual support

Interface navigation enabled visual decoding by clicking revealed
images, which in turn supported collaborative decision-making
through shared visual references. These decisions fed into oral story
construction, which benefited from critical narrative mapping to
maintain coherence. When linguistic differences arose, those with
narrative oversight could guide linguistic mediation. Tool assistance
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functioned as a meta-anchor, enabling smoother operation across all
other forms of participation. As this depiction is not exhaustive, other
classroom uses of the storytelling environment yet to be observed
may reveal additional VAP anchors and relationships.

This interdependence meant that children could enter through any
anchor and access others through flexible pathways. For example, a
child might begin with visual decoding, move to collaborative deci-
sion-making, then progress to oral construction; or follow an entirely
different trajectory based on their strengths and the group’s needs.
Each competency remained valuable in itself while opening doors to
other forms of participation. When groups were smaller or certain
anchors were absent, children tended to expand their participation.
In two-child configurations, each child typically engaged with three or
four anchors rather than specializing in one. When working alone,
children cycled through multiple anchors themselves, by clicking,
viewing, deciding, and narrating in rapid succession. This flexibility
demonstrated how this particular VAP framework supported both
collaborative and individual engagement patterns. In multilingual
contexts, language diversity became a generative resource. Children
assembled linguistic repertoires across German, Italian, and English,
with the visual-first design ensuring that language differences didn’t
block participation. Images served as shared reference points while
children negotiated meaning through multiple communicative chan-
nels. Child-created story elements further reinforced collective in-
vestment in the storytelling process. When children recognized
peers’ drawings in the digital library, they showed heightened inter-
est and selected these elements more frequently. This can lead to
interesting phenomena, such as the emergence of recurring narrative
helpers. The "magic pen", drawn by multiple children, acquired a
consistent identity as a benevolent helper across stories. This became
a shared symbol that connected individual contributions to an emerg-
ing story world. The design’s structural features enabled groups to
self-regulate through material constraints. The three-option limit
created natural pause points for negotiation, while the visual story-
board provided persistent reference points when disagreements
arose. These features supported recovery from collaboration break-
downs without requiring adult intervention. These interconnected
anchors demonstrate that it is possible to plan and prepare for the
conditions where diverse abilities become interdependent resources.
Seen from the VAP framework developed in this contribution, we can
retrace how varied competencies became mutually reinforcing ele-
ments of collective achievement.

This study demonstrates how Design-Based Research with children
can generate transferable principles for inclusive digital environ-
ments. The Varied-Level Anchors for Participation (VAPs) framework
addresses both research questions by providing a systematic ap-
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proach to moving from context-specific observations to design prin-
ciples (RQ1), and to identifying conditions that promote peer support
through interdependence (RQ2).

As previously mentioned, Norwich (2023) identifies a central tension
between specialized support (risking stigmatization) and common
provision (potentially inadequate for diverse needs). VAPs navigate
this dilemma by reframing difference as a collective resource. For
instance, Linda, a beginning reader, contributed to visual storytelling
in ways that complemented her peers’ strengths. Unlike traditional
peer tutoring, VAP-structured activities showed no consistent helper-
helped relationships, as all participants required support in some
domain, normalizing assistance-seeking.

While the Index for Inclusion (Booth & Ainscow, 2017) provides aspi-
rational goals, VAPs offer one approach to concrete operationaliza-
tion. Building inclusive cultures can be supported through design
features that make diversity advantageous for activity completion.
Producing inclusive policies can be aided by specification matrices
like Table 1, which maps design characteristics to participation op-
portunities. One can refine inclusive practices over time by closely
observing and responding to participation patterns. The VAP frame-
work thus provides specific tools for translating the Index’s broad
dimensions into design decisions.

VAPs differ in emphasis and specificity from Universal Design for
Learning. While UDL often provides flexible, parallel pathways related
to modes of expression and highlights collaboration (Rao & Meo,
2016), VAPs offer a tangible way to foster interdependent participa-
tion, where diverse abilities can complement one another. For exam-
ple, when one child controlled the mouse, the other narrated, and a
third contributed visual interpretations, their roles supported each
other in a coordinated way rather than functioning separately. VAPs
also diverge from scaffolding (Wood et al., 1976). Traditional scaf-
folding seeks to reduce the learner’s freedom initially, limiting choic-
es and complexity to make tasks manageable and then gradually in-
creases them as learners gain independence and eventually perform
tasks alone. VAPs instead help distribute task components across
participants: one child might have limited narrative control but man-
age technical operations; another might struggle with text but excel
at coming up with creative associations; a third might craft complex
narratives while depending on others. Rather than aiming for individ-
ual independence as a scaffolding goal, VAPs maintain interdepend-
ence as a permanent design feature. Moreover, VAPs extend Lave
and Wenger (1991) by proposing an addition to legitimate peripheral
participation: rather than a single trajectory from novice to expert,
VAPs create multiple, equally valid peripheries. Normally, in commu-
nities of practice, newcomers gradually move from peripheral obser-
vation toward central expertise. In VAP-structured activities, partici-
pants maintain specialized roles that are intended to avoid hierar-
chical progression. Each role offers a complete form of participation,
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rather than serving merely as a stepping stone to “full” membership,
while still providing potential for learning progression.

VAPs contribute to ongoing discussions about moving beyond ac-
commodation models in inclusive education. While inclusion has long
recognized the value of peer support and collaborative learning, VAPs
offer a specific framework for designing activities where different
abilities become interdependent resources. The framework shifts
focus from solely ensuring individual access to learning toward also
considering how diverse abilities can enhance collective outcomes.
Through systematic DBR cycles, the VAP framework offers concrete
design heuristics while remaining adaptable across contexts. This
extends inclusion beyond adjusting for individual needs toward a
systemic design effort that leverages diversity for mutual benefit.

To apply the concept of VAPs in other domains, one could follow a
three-step approach. First, one can embrace the core design principle
that activities should make diversity necessary for success. Second,
teachers may systematically analyze any learning activity by asking:
What barriers can become varied-level anchors for participation?
What operations could become participation opportunities? Where
can modalities of expression interconnect? What common goal moti-
vates children to work together? What provides symbolic cohesive-
ness (as story elements did in our study at hand)? Third, using in-
struments like the VAP specification matrix and the interdependency
wheel, one can structure activities to require rather than merely al-
low diverse contributions. For instance, while speculative, in a prob-
lem-based mathematics scenario, participation anchors might include
manipulating materials, verbalizing strategies, drawing representa-
tions, and checking calculations, creating similar patterns of interde-
pendence.

VAPs challenge existing educational structures in several ways. As-
sessment becomes more complex as the focus shifts from individual
to collective achievement. While groups may demonstrate success
through oral story retellings or critical discussion, institutions still
require ways to identify individual contributions within collaborative
work. Professional development must prepare teachers to recognize
emergent patterns of participation, resist assigning fixed roles, and
facilitate without directing. For example, teachers in this study initial-
ly struggled to hold back from suggesting story developments, learn-
ing instead to ask open-ended questions like, “What’s that charac-
ter’s motive?” They expressed surprise at the inclusive potential of
this approach, particularly how it created opportunities for peer
recognition beyond traditional academic performance. For instance,
in storytelling activities, a child with learning difficulties might pro-
duce remarkably expressive drawings, prompting admiration from
peers and reshaping how ability is perceived within the group. Suc-
cessful implementation also requires greater flexibility in classroom
space and materials, aligning with more open-ended, creative ap-
proaches to learning. Hence, VAPs should not be adopted in isolation
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but integrated into broader inclusive school development efforts.
Frameworks like the Index for Inclusion offer useful points of compat-
ibility for such integration.

Design-Based Research (DBR) and its iterative cycles proved essential
for developing inclusive digital storytelling. The methodology’s
strength lay in its capacity to balance systematic documentation with
responsive adaptation. Interaction analysis of video recordings ena-
bled detailed, post-hoc examination of participation patterns. Involv-
ing children as co-designers allowed for flexible responses to their
motivational dynamics and existing competencies. Testing the
framework across diverse contexts, for example, from Montessori
environments to Portuguese public schools, helped distinguish trans-
ferable principles from context-specific features. DBR proved particu-
larly well suited to inclusive education research, not only for its de-
sign orientation but also for its ability to generate theoretical insight
through practice. However, the methodology demands careful bal-
ance: advanced planning is essential to navigate tensions between
iterative flexibility and school schedules. Teacher openness emerged
as a prerequisite for meaningful research collaboration.

This study shows that inclusive design involves more than simply
removing barriers, it requires the creation of conditions in which
diverse abilities become mutually essential. The VAP framework of-
fers both theoretical contribution and practical strategies for recon-
figuring diversity as a shared resource in educational settings.

Several limitations of this study warrant acknowledgment and point
toward future research directions. While the analysis revealed pat-
terns of inclusive participation, it did not systematically examine
power dynamics between children of different abilities. Although
observations showed younger children being granted decision-
making power by older peers, future research should investigate how
ability hierarchies may persist or transform within VAP-structured
activities and whether certain participation anchors might inadvert-
ently privilege some contributions over others.

The volunteer-based recruitment of participating children supported
genuine engagement but also introduced a self-selection bias, poten-
tially excluding those less comfortable with technology or collabora-
tive learning. While this limitation was partially mitigated in later
phases through whole-class participation, the initial design remained
shaped by the perspectives of self-selected participants. This high-
lights a broader challenge across design-based research focused on
inclusivity.

The study’s focus on digital storytelling environments, while revealing
rich possibilities for inclusive participation, limits the transferability of
its findings. To date, VAPs have been tested only within narrative
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activities, and their application in other learning contexts warrants
further investigation. Different subject domains may require distinct
strategies to implement the VAP concept effectively.

Institutional and systemic considerations received limited attention
in this classroom-focused research. While teachers successfully im-
plemented the tool with researcher support, the study did not exam-
ine school-level policies, professional development needs, or struc-
tural changes necessary to support inclusivity efforts at the school-
wide level. Further research could explore how schools might sys-
tematically apply the VAP framework to identify opportunities for
more structured and inclusive activities across their curricula.

Finally, the study documented instances of children interrogating the
tool’s functionality but did not systematically cultivate such critical
digital engagement. How to intentionally design "higher-level" partic-
ipation anchors that promote critical examination of digital systems,
moving toward structured critical inquiry, remains an open question
for future investigation.

This study demonstrates how Design-Based Research can bridge the
theory-practice gap in inclusive education through authentic partici-
pation of diverse learners. By developing the Varied-Level Anchors
for Participation framework through a systematic analysis of collect-
ed data, the research showed how context-specific observations can
yield transferable design principles (RQ1) and identified interdepend-
ent task structures as a key condition enabling peer support in learn-
ing environments (RQ2). The VAP framework contributes to inclusive
education theory by operationalizing abstract principles into design
specifications. It extends beyond Norwich’s dilemmas of difference
by showing how supposed tensions can become productive interde-
pendencies. Similarly, it builds on communities of practice and UDL
by proposing multiple valid peripheries and designing for sustained
interdependence rather than individual access paths. Most signifi-
cantly, it provides empirical evidence that diversity enhances rather
than complicates learning when properly designed for.

Practically, educators can apply VAPs through systematic analysis of
learning activities, asking what barriers might become participation
anchors and how different abilities could become mutually neces-
sary. However, implementation requires systemic changes: assess-
ment methods valuing collective achievement, teacher preparation
and integration with broader inclusive school development frame-
works. The three-step approach outlined provides a starting point for
such efforts. Future research should test the viability of the VAP con-
cept across subject domains, examining whether similar interde-
pendence patterns emerge in mathematics, science, or other areas.
Development of assessment tools that capture collective achieve-
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ment while recognizing individual contributions remains crucial. Ad-
ditionally, exploring VAPs at different educational levels (e.g., sec-
ondary schools settings) could reveal age-specific considerations. The
six-year-old navigating digital stories alongside an eleven-year-old
crafting narratives exemplifies the potential of designing for interde-
pendence. This study contributes to emerging calls for design-based
inclusion research by demonstrating how participatory design with
diverse learners can generate principles that transform educational
practice. The VAP framework offers one pathway for creating learn-
ing environments where diversity becomes a resource for collective
achievement rather than a challenge to be managed.

19



Amiel, T., & Reeves, T.C. (2008). Design-based research and
educational technology: Rethinking technology and the
research agenda. Educational Technology & Society, 11(4),
29-40.

Anderson, T., & Shattuck, J. (2012). Design-Based Research: A Decade
of Progress in Education Research?, Educational Researcher
41(1), 16-25.

Booth, T., & Ainscow, M. (2017). Index fiir Inklusion: Ein Leitfaden fiir
Schulentwicklung (B. Achermann, D. Amirpur, M.-L.
Braunsteiner, H. Demo, E. Plate, & A. Platte, Eds.)
[Herausgegeben und adaptiert fir deutschsprachige
Bildungssysteme]. Beltz.

Bruner, J. (1991). The narrative construction of reality. Critical
Inquiry, 18(1), 1-21.

Bruner, J. (2004). Life as narrative. Social research: An international
quarterly, 71(3), 691-710.

CAST. (2024). Universal design for learning guidelines (3.0). Graphic
organizer. Center for Applied Special Technology. Lynnfield,
MA.

Druin, A. (1999). Cooperative inquiry: Developing new technologies
for children with children. Proceedings of the SIGCHI
conference on Human Factors in Computing Systems, 592—
599.

Haug, P. (2017). Understanding inclusive education: ldeals and
reality. Scandinavian Journal of Disability Research, 19(3),
206-217.

Herman, D. (2003). Stories as a tool for thinking. In Narrative theory
and the cognitive sciences (pp. 163—192). Stanford University
Center for the Study of Language and Information.

Jordan, B., & Henderson, A. (1995). Interaction analysis: Foundations
and practice. Journal of the Learning Sciences, 4(1), 39—103.

Kress, G. (2010). Multimodality: A social semiotic approach to
contemporary communication. Routledge.

Kucirkova, N. (2019). Children’s agency by design: Design parameters
for personalization in story-making apps. International
Journal of Child-Computer Interaction, 21, 112-120.

Kuckartz, U. (2019). Qualitative text analysis: A systematic approach.
In G. Kaiser & N. Presmeg (Eds.), Compendium for early
career researchers in mathematics education (pp. 181-197).
Springer.

20


https://doi.org/10.3102/0013189x11428813
https://udlguidelines.cast.org/
https://doi.org/10.1080/15017419.2016.1224778
https://doi.org/10.1016/j.ijcci.2019.06.003
https://doi.org/10.1007/978-3-030-15636-7_8

Lave, J., & Wenger, E. (1991). Situated learning: Legitimate Peripheral
Participation. Cambridge University Press.

McKenney, S., & Reeves, T. (2018). Conducting educational design
research (2nd ed.). Routledge.

Norwich, B. (2023). Addressing tensions and dilemmas in inclusive
education: Resolving democratically. Taylor & Francis.

Papert, S. (1980). Mindstorms: Children, computers, and powerful
ideas. Basic Books.

Plomp, T. (2013). Educational design research: An introduction. In T.
Plomp, & N. Nieveen (Eds.), Educational design research part
a: An introduction. Netherlands institute for curriculum
development (SLO).

Rao, K., & Meo, G. (2016). Using Universal Design for Learning to
design standards-based lessons. SAGE Open, 6(4).

Reich, J. (2020). Failure to disrupt: Why technology alone can’t
transform education. Harvard University Press.

Rodari, G. (1973). Grammatica della fantasia: Introduzione all’arte di
inventare storie. Einaudi Ragazzi.

Schroeder, R., & Reh, A. (2023). Design-Based-Research als
Innovationsstrategie in der Sonderpadagogik:
Wissenstransfer in der dialogischen Wissenschafts-Praxis-
Kooperation. In M. Grummt, W. Kulig, C. Lindmeier, V. Oelze,
& S. Salat (Eds.), Partizipation, Wissen und Kommunikation im
sonderpddagogischen Diskurs (pp. 272-278). Klinkhardt.

Selwyn, N. (2023). Lessons to be learnt? Education, techno-
solutionism, and sustainable development. In H. S. Saetra
(Ed.), Technology and sustainable development: The promise
and pitfalls of techno-solutionism. Taylor & Francis.

Smeda, N., Dakich, E., & Sharda, N. (2014). The effectiveness of digital
storytelling in the classrooms: A comprehensive study. Smart
Learning Environments,1(1).

Wenger-Trayner, E., Wenger-Trayner, B., Reid, P., & Bruderlein, C.
(2023). Communities of practice within and across
organizations: A guidebook (2nd ed.) [Distributed under
Creative Commons Attribution - Non-Commercial 4.0
International (CC BY-NC 4.0)]. The Social Learning Lab.

Wood, D., Bruner, J.S., & Ross, G. (1976). The role of tutoring in
problem solving. Journal of Child Psychology and Psychiatry,
17(2), 89-100.

21


https://doi.org/10.1177/2158244016680688
https://doi.org/10.1201/9781003325086-6

Wu, J., & Chen, D.-T. V. (2020). A systematic review of educational
digital storytelling. Computers & Education, 147, 103786.

Dr. Michael Schlauch is a research associate at the Department of
Education, Humboldt-Universitat zu Berlin. Working at the
intersection of design-based research, critical EdTech studies, and
teacher professional development, his research focuses on
participatory approaches to emerging technologies in schools.
Current research projects involve the conceptualization of Al literacy
in teacher education.

Dr. Michael Schlauch

Humboldt University of Berlin
Institute of Educational Sciences
Geschwister-Scholl-Strafle 7, R. 329
10117 Berlin

Germany

+49 (0)30/2093-66946

Prof. Dr. Tobias Jenert

Chair of Higher education and Educational Development
University of Paderborn

Warburger Stral3e 100

Germany

+49 5251 60-2372

EDeR — Educational Design Research
An International Journal for Design-Based Research in Education
ISSN: 2511-0667

#EDeRJournal (our hashtag on social media services)
Published by

Hamburg Center for University Teaching and Learning (HUL)
University of Hamburg

SchluterstrafSe 51
20146 Hamburg

22


https://uhh.de/eder

Germany
+49 40 42838-9640
+49 40 42838-9650 (fax)

In collaboration with

Hamburg University Press

Verlag der Staats- und Universitatsbibliothek Hamburg —
Landesbetrieb

Von-Melle-Park 3

20146 Hamburg

Germany

+49 40 42838 7146

23


mailto:EDeR.HUL%40uni-hamburg.de?subject=
http://www.hul.uni-hamburg.de/
mailto:info.hup%40sub.uni-hamburg.de
http://hup.sub.uni-hamburg.de/

